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WHEN the designer or  inventor begins to originate or 
develop some form of automatic machine or other mechanical 
device, he is confronted by two important problems: The first 
one is purely mechanical and relates to  the desigrl of a mecha- 
nism that will function properly. The second problem is a 
commercial one and pertains to designing with reference to 
the cost of manufacture. 

In order to solve the mechanical part of the problem, 
especially when an intricate motion or automatic control is 
required, a wide knowledge of the principles underlying those 
mechanical movements which have proved to be successful, 
is very helpful, even to the designer who has had extensive 
experience. The purpose of this treatise is to place before 
inventors and designers concise, illustrated descriptions of 
many of the most ingenious mechanical movements ever 
devised. These mechanisms have been selected not only 
because they are regarded as particularly ingenious, but also 
because they have stood the test of actual practice. Many o f  
these mechanisms embody principles which can be applied to  
various classes of mechanisms, and a study of such mechanical 
movements is particularly important to the designer and stu- 
dent of designing practice owing to the increasing use of auto- 
matic machines in almost every branch of manufacture. 

The second problem mentioned, that of cost, is directly 
related to the design itself which should be reduced to the 
simplest form consistent with successful operation. Many 
mechanical movements a.re ingenious because they are simple 
in design. Simplified designs usually are not only less costly 
but more durable. Almost any action or result can be obtained 



mechanically if there are no restrictions as to the number of 
parts used and as to manufacturing cost. but it is evident that 
a design should pass the commercial as well as the purely 
mechanical test . In this connection it is advisable for the 
designer to  study carefully mechanical movements which 
actually have been applied to commercial machines . Prac- 
tically all of the mechanisms shown in this treatise have been 
utilized on automatic machines of various classes . 

CONTENTS 

CHAPTER PAGE 
I . Cams and Their Applications .......................................... 1 

I1 . Intermittent Motions from Ratchet Gearing ................ 28 

I11 . Intermittent Motions from Gears and Cams ................ 67 

IV . Tripping or Stop Mechanisms ........................................ 118 

V . Electrical Tripping Mechanisms ...................................... 148 

VI . Reversing Mechanisms for Rotating Parts .................. 161 

VII . Overload Relief Mechanisms and Automatic Safe- 
........................................................................... guards 198 

. ....................................................... VIII Interlocking Devices 229 

. .............. IX Driving Mechanisms for Reciprocating Part8 249 

. .......................... X Quick-Return Motions for Tool Slides 300 

........................................ . XI Speed-Changing Mechanisms 310 

.......................................................... . XI1 Differential Motions 363 

XI11 . Straight-Line Motions ...................................................... 391 

............................ . XIV Miscellaneous Mechanical Movement8 398 

XV . Hydraulic Transmissions for Machine Tools ................ 433 
XVI . Automatic Feeding Mechanisms ...................................... 447 

XVII . Design of Automatic Feeding Mechanisms .................... 471 

XVIII . Hopper Design for Automatic Machinery ...................... 483 

...... . XIX Magazine Feeding Attachment8 for Machine Tools 495 

XX . Deeign of Magazine Carriers and Slides ........................ 607 



CHAPTER I 

CAMS AND THEIR APPLICATIONS 

A STUDY of the various mechanical movements and auto- 
matic regulating devices used on automatic and semi-auto- 
matic machines of different types, will show that mechanical 
movements based on the same general principles are often 
applied to machines which differ widely as to type and pur- 
pose. For instance, a mechanism for obtaining an intennit- 
tent motion may possibly be utilized in connection with 
almost any mechanical device requiring such motion, after 
certain changes have been made. Frequently these necessary 
changes will atter the form and perhaps the entire arrange- 
ment without changing the underlying principle governing 
the operation. This explains why designers of automatic 
machinery find that a knowledge of mechanical movements 
of all kinds is valuable, because an understanding of one 
design often suggests an entirely different application. 

Many of the most ingenious mechanical movements and 
regulating devices ever devised will be found in this treatise. 
Some of these with more or less modification have been used 
so generally on different classes of machinery that they may 
be considered standard, whereas many others are more special 
and are not so generally known. All of these mechanisms, 
however, are believed to embody some mechanical principle 
that is likely to be useful to designers and inventors. These 
various mechanisms have been grouped in chapters according 
to the general types or classes to which they belong, partly to 
show different modifications of a given type and also to assist 

1 



2 CAMS AND THEIR APPLICATIONS CAMS AND THEIR APPLICATIONS 3 

users of this book in finding a mechanical movement suitable 
for a particular application. 

This first chapter deals with cams because they are widely 
used in the design of automatic machines of practically every 
type. In fact, by the use of some form of cam it is possible 
to obtain practically an endless variety of movements and 
irregular motions, many of which could not possibly be de- 
rived by other mechanical means. Even though some other 
type of mechanism might be substituted, the cam provides the 
simplest and cheapest method of obtaining most of the special 
unusual actions required in automatic machine design. 

General Classes of Cams. - The name "cam" is applied to 
various forms of revolving, oscillating, or sliding machine 
members which have edges or grooves so shaped as to impart 
to a follower a motion which is usually variable and, in many 
cases, quite complex. Cams are generally used to obtain a 
motion which could not be derived from any other form of 
mechanism. Most cams revolve and the follower or driven 
member may have either a rectilinear or oscillating motion. 
The acting surface of the cam is in direct contact either with 
the follower or  with a roller attached to the follower to reduce 
friction. The exact movement derived from any cam depends 
upon the shape of its operating groove or edge which may 
be designed according to the motion required. 

Cams may be classified according to the relative movements 
of the cam and follower and also according to the motion 
of the follower itself. In  one general class may be included 
those cams which move or revolve either in the same plane 
as the follower or a parallel plane, and in a second general 
class, those cams which cause the follower to move in a dif- 
ferent plane which ordinarily is perpendicular to the plane 
of the motion of the cam. The follower of a cam belonging 
to either class may either move in a straight line or  receive 
a swinging motion about a shaft or bearing. The follower 
may also have either a uniform motion or  a uniformly accel- 
erated motion. The working edge or groove of a uniform 
motion cam is so shaped that the follower moves at the same 

velocity from the beginning to the end of the stroke. Such 
cams are only adapted to comparatively slow speeds, owing 
to the shock resulting from the sudden movement of the fol- 
lower a t  the beginning of the stroke and the abrupt way in 
which the motion is stopped at the end of the stroke. If the 
cam is to rotate quite rapidly, the speed of the follower 
should be slow at first and be accelerated at a uniform rate 
until the maximum speed is attained, after which the motion 
of the follower should be uniformly decreased until motion 
ceases, or a reversal takes place; such cams are known a s  
"uniformly accelerated motion cams." 

Plate Cam. - Several different forms of cams are shown in 
Fig. 1. The form illustrated at A is commonly called a "plate 
cam," because the body of the cam is in the form of a narrow 
plate, the edge of which is shaped t o  give the required motion 
to the follower. This follower may be mounted in suitable 
guides and have a reciprocating motion (as indicated in the 
illustration) or it may be in the form of an arm o r  lever which 
oscillates as the cam revolves. When the follower is in a 
vertical position as shown, it may be held in contact with 
the cam either by the action of gravity alone or a spring may 
be used to  increase the contact pressure, especially if there 
are rather abrupt changes in the profile of the cam and the 
speed is comparatively fast. 

Positive Motion Cam. - The cam illustrated by diagram B, 
Fig. 1, is similar to the type just described, except that the 
roller of the follower engages a groove instead of merely rest- 
ing against the periphery. Cams of this general form are  
known as "face cams" and their distinctive feature is that 
the follower is given a positive motion in both directions, 
instead of relying upon a spring or the action of gravity to  
return the follower. The follower, in this particular case, 
is in the form of a bellcrank lever and is given an  oscillating 
motion. One of the defects of the face cam is that the outer 
edge of the cam groove tends to rotate the roller in one di- 
rection and the inner edge tends to  rotate it in the oppo- 
site direction. A certain amount of clearance must be pro- 
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vided in the groove and, as the roll changes its contact from 
the inner edge to the outer edge, there is an instantaneous 
reversal of rotation which is resisted, due to the inertia of 

the rapidly revolving roll; the resulting friction tends to wear 
both the cam and the roll. This wearing action, however, 
may not be serious when the cam rotates at a slow speed. If 

the speed is high, there is also more or less shock each time 
the follower is reversed, owing to the clearance between the 
roller and the cam groove. 

Plate Cam Arranged for Positive Motion. - In order to 
avoid the defects referred to in connection with the face cam, 
the follower of a plate cam is sometimes equipped with two 
rollers which operate on opposite sides of the cam, as shown 
at C, Fig. 1. With such an arrangement, the curve of the 
cam for moving the follower in one direction must be com- 
plementary to the curve of the remaining half of the cam, 
since the distance between the rollers remains constant. In 
other words, this cam may be designed to give any motion 
throughout 180 degrees of its movement, but the curvature 
of the remaining half of the cam must be a uniform distance 
from that of the first, at all points diametrically opposite. 
Then the distances measured along any center line, as  at xz 
or yy, are constant and equal the distance between the fol- 
lower rollers. For this reason, the term colrrtant diameter 
cam is sometimes applied to this class which is adapted for 
heavier work than the grooved face cam illustrated at B. The 
follower or driven member is slotted to receive the camshaft, 
and this slot acts as a guide and keeps the rollers in alignment 
with the center of the cam. 

Return Cam for Follower.- When the curvature of one 
half of a cam is not complementary to the curvature of the 
other half, a special return cam is necessary, if the follower 
is quipped with two rollers in order to secure a positive drive. 
A main and return cam is illustrated at D, Fig. 1. The main 
cam may be laid out to give any required motion for a com- 
plete revolution of 360 degrees, and the return cam has a 
curvature which corresponds to the motion of the return 
roller on the follower. After the main cam is laid out to 
give whatever motion is required, points as at  a, b, c, d, etc., 
are located on the path followed by the center of the roller, 
and, with these points as centers, the points e, f, g, and h arc 
located diametrically opposite, and a t  a distance equal to the 
center-to-center distance between the rollers. These latter 
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points lie in the path followed by the center of the return 
roller, and by striking arcs from them having a radius equal 
to the roller radius, the curvature or working surface of the 
return cam may be laid out. One method of arranging these 
two cams is to place the follower between them and attach 
the rollers on opposite sides of the followers. The camshaft, 
in some cases, carries a square block which is fitted to the 
elongated slot in the follower to serve as a guide and a bear- 
ing surface. 

Yoke Type of Follower. - Another form of positive motion 
cam is shown at E, Fig. 1. In  this case, the follower has a 
surface which is straight or tangential to the curvature of 
the cam. With a follower of this kind, there is a limitation 
to the motion which can be imparted to it, because, when the 
contact surface is flat or plane, it is evident that no part of 
the cam can be concave since a concave surface could not be- 
come tangent to the straight face of the follower, and even 
though the follower is curved or  convex any concave part 
of the cam must have a radius which is at least as great as 
the radius of any part of the follower. The type of cam 
shown at E, like the one illustrated a t  C, can only be laid out 
for a motion representing 180 degrees of cam rotation; the 
c u m t u r e  of the remaining half of the cam must be comple- 
mentary to the first half or correspond to it. The follower 
of the cam shown at E has a dwell or period of rest a t  each 
end of its stroke, the parts z and y being concentric with the 
axis of the camshaft. This general type of cam has been 
used for operating light mechanisms and also to actuate the 
valves of engines in stern-wheel river steamers. 

Inverse Cams. -On all of the cams previously referred to, 
the curved surface for controlling the motion has been on the 
driving member. With a cam of the inverse type, such as is 
shown at F (Fig. 1 )  the cam groove is in the follower and 
the roIler which engages this groove is attached to the driving 
member. The motion of this cam can be laid out for only 
180 degrees of movement. The inverse type of cam is used 
chiefly on light mechanisms, the particular cam illustrated a t  

P being designed to operate a reciprocating bar o r  slide. The  
curved part of the slot in the follower has the same radius 
as the path of  the driving roller, and serves to arrest the 
motion of the slide momentarily. The well-known Scotch 
yoke or slotted cross-head is similar to  an inverse cam having 
a straight slot that is perpendicular to  the center line of the 
follower. (The motion obtained with the Scotch yoke and 
its practical application is referred to  in Chapter IX.) 

Wiper and Involute Cams. - The form of cam shown at  G, 
Fig. 1, is simply a lever which has a curved surface and oper- 
ates with an oscillating movement through an arc great enough 
to give the required lift to the follower. A cam of this kind 
is called a "lifting toe" or a "wiper" cam, and has been em- 
ployed on river and harbor steamboats for operating the 
engine valves. Many involute cams are somewhat similar 
in form to the type illustrated at C, and they are so named 
because the cam curve is of  involute form. Such cams are 
used on the ore crushers in stamp mills. Several cams are 
placed on one shaft and as they revolve the rods carrying the 
stamps are raised throughout part of the cam revolution. 
Disengagement of the cam and follower then causes the latter 
to drop. 

Cams having Rectilinear Motion. - Some cams instead of 
rotating are simply given a rectilinear or straight-line motion. 
The principle upon which such cams operate is shown by dia- 
gram H, Fig. l. The cam or block k is given a reciprocating 
motion in some form of guide, and one edge is shaped so as  
to impart the required motion to the follower 1. An auto- 
matic screw machine of the multiple-spindle type is equipped 
with a cam of this general type for operating side-working 
tools, the tool-slide receiving its motion from the cam which, 
in turn, is actuated by the turret-slide. This type of cam is 
also applied to an automatic lathe for operating the radial 
arm or tool-holder. 

Cams for Motion Perpendicular to Plane of Cam.- T i e  
cams previously referred to all impart motion to a follower 
which moves in a plane which either coincides with o r  is 
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parallel to the plane of the motion of the cam. The second 
general class of cams previously referred to, which cause the 
follower to move in a plane usually perpendicular to the plane 
of the motion of the cam, is illustrated by the design shown 
a t  I, Fig. 1. This form is known as a "cylinder" or  "barrel" 
cam. There are two general methods of making cams of this 
type. In one case, a continuous groove of the required shape 
is milled in the cam body, as shown in the illustration, and 
this groove is engaged by a roller attached to the follower. 
Another very common method of constructing cylinder cams, 
especially for use on automatic screw machines, is to attach 
plates to the body of the cam, which have edges shaped to 
impart the required motion to the follower. When a groove 
is formed in the cam body, it should have tapering sides and 
be engaged by a tapering roller, rather than by one of cylin- 
drical shape, in order to  reduce the friction and wear. 

Automatic Variation of Cam Motioh - Ordinarily the mo- 
tion derived from a cam is always the same, the cam being 
designed and constructed especially for a given movement. 
I t  is possible, however, to vary the motion, and this may be 
done by changing the relative positions of the driving and 
driven members by some auxiliary device. This variation 
may be in the extent or  magnitude of the movement or a 
change in the kind of motion derived from the cam. The 
cam mechanism shown at A in Fig. 2 is so arranged that 
every other movement of each of the two followers is varied. 
The bellcrank levers a and b, which are the followers, have 
cam surfaces on the lower ends, and they are given a swing- 
ing motion by rolls d and e pivoted to  arm c which revolves 
with the shaft h seen in the center of the arm. 

The requirements are that each lever have first a uniform 
motion and then a variable motion; it is also necessary to 
have a change in the variable stroke until twelve strokes have 
been completed, when the cycle of variable motions is repeated. 
For instance, every other vibration of each lever is through 
a certain angle, and for twelve alternate vibrations the stroke 
is changed from a maximum to a minimum, and vice vma,  

the angle of the uniform vibration being the mean or average 
movement for the variable strokes. The uniform vibration 
is obtained when roll d engages the cam surface on either 
lever a or b, and the variable movement is derived from roll e 
on the opposite end. This roll is mounted eccentrically on  
bushing f which is rotated in its seat by star-wheel g, one- 
twelfth revolution for each revolution of arm c;  consequently, 
the roll is moved either toward or  away from the axis of shaft 
h, thus varying the angle of vibration accordingly. 

Pig. 2. Mcchrnlrmr for V r * q  Motion Rormrlly Derived from CmU 

Another mechanism which serves to vary the motion de- 
rived from a cam surface is shown at B in Fig. 2. This 
mechanism is used in conjunction with one previously de- 
scribed. A motion represented by the curvature I of a plate 
cam is reproduced by the upper end of the rod or lever q. One 
movement of the rod end is an exact duplicate of the cam 
curvature, and this movement represents the mean of a cycle 
of twelve movements, each of which is a reproduction of the 
curvature on an increasing or  diminishing scale from maxi- 
mum to minimum, or  vice versa. The lever returns to the 
starting position with a rectilinear or  straight-line motion. 
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The lever is given a reciprocating movement by crank j and 
connecting link k. The roll s at the lower end of the lever is 
kept in contact with cam surface 1 by spring t. The lever q 
is fulcrumed and slides in the oscillating bearing m which is 
supported by the slotted cross-head n. This cross-head is 
operated by roll o which is carried by a crankpin on a twelve- 
tooth ratchet wheel p. When the mechanism is in action, the 
crank j throws connecting link k out of line with lever q and 
the resulting tension on spring t causes roll s to follow the 
outline or  curvature 1 of  the cam until the upper end o i  the 

PC. 3. Amngemsnt for V u ~ I n g  Dwell of Cam ?ollora 

travel is reached; then the connecting link k is thrown out of 
Iine with lever q in the opposite direction, which causes spring 
t to force roll s against the straight return guide r. For each 
revolution of the crank, a pawl turns the ratchet wheel p one 
tooth, so that the slotted cross-head n and the bearing nt are 
gradually raised and then lowered. As the result of this up- 
ward and downward movement of bearing m, which is the 
fulcrum for lever q, the motion is increased and then dimip- 
ished the desired amount. 

Varying Dwell of Cam Follower. -The mechanism illus- 
trated in Fig. 3 is for varying the dwell of a cam follower or 
the length of time it remains stationary. The cam A lifts 

lever B during three-fourths of a revolution, and during the 
dwell the follower B is held up by the  latch C. This latch is 
controlled by pawl D, cam E, and spring F. The cam E has 
ratchet-shaped notches in its edge and  is made integral o r  in 
one piece with a twenty-four-tooth gear G. The ratchet and 
gear are revolved upon the hub of a twenty-five-tooth station- 
ary gear H, by the planetary pinion K, once for every twenty- 
four revolutions of cam A. With this particular mechanism, 
the lever B is given a dwell of 90 degrees for the first revolu- 
tion; thereafter the dwell increases 360 degrees after each 

I 

rise of the follower, until the fourth period (which gives 
1530 degrees dwell) when the dwell decreases until it is again 
90 degrees; that is, during the fourth period the rise occurs 
while the cam makes three-fourths revolution, and then there 
is a dwell equivalent t o  4% revolutions. Twenty-four revo- 
lutions are required to complete a cycle of movements. When 
milling the teeth in cam E, the index-head was arranged for 
twenty-four divisions, but teeth were cut only at the follow- 
ing divisions: 1-247-1 1-16-20-23. When the mechanism is 
in use, latch C is disengaged whenever pawl D enters a notch 
in cam E, thus allowing lever B to  drop suddenly. 

Variable Rotary Motion derived from Cam - An unusual 
application of a cam is illustrated i n  Fig 4. I n  this case, a 
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cam is used t o  impart a variable angular velocity to a gear 
which makes the same number of revolutions as its driving 
shaft. The driving shaft carries a casting A to which is ful- 
crumed the lever B which, in turn, has a roll on each end. One 
roll engages a cam C which is supported upon the shaft but 
does not revolve with it. The other roll bears upon a lug on 
the side of gear D which is also free upon the shaft, but is 
constrained to revolve with it either faster or slower, accord- 

fig. 5. 5. Cam wrhlch Altornrtelj Inawrrr and Decrrurs Stroke of Pollowrr 

ing to the relative positions of lever B and cam C. 
Cam which Alternately Increases and Decreases Motion of 

Follower. - An automatic paper-tube rolling machine has a 
driven member that must dwell during three-fourths of a 
revolution of shaft C (Fig. 5)  and then be given a stroke 
that varies gradually in length for successive cam revolutions. 
This variation is obtained by using a cam having two sections 
A and B. These two sections are both driven by pinion D 
through gears R and F. Gear E is integral with cam B and 

has 105 teeth, whereas gear F is keyed to the hub of cam A 
and has 104 teeth. Both gears have the same outside diam- 
eter, and the difference in tooth numbers provides a differ- 
ential movement between the cams, so  that one cam is con- 
tinually changing its position relative t o  the other. 

The dwell is obtained when the roll of the follower is in 
contact with the concentric part of cam B. When cam A is 
in the position shown, the maximum stroke occurs as the fol- 
lower traverses across the flat edge G of cam B. The stroke 
of the follower is gradually reduced as A turns relative to B, 
thus filling the segment-shaped space at G, so that finally the 
cam is nearly concentric all around. The motion of the fol- 
lower is somewhat irregular, but for this particular applica- 
tion, the irregularity is immaterial, as the essential require- 
ment is to have the follower, after the 364th revolution of 
the pinion, at a distance from the center of shaft C equal to  
the dwelling position. 

Automatic Variation of Cam Rise and Drop According to 
Pressure Changes. - The special design of cam illustrated in 
Fig. 6 normally has a 120-degree rise, a 60-degree dwell, a 
90-degree drop, and a 90-degree dwell. In the operation of 
the machine to which this cam was applied, however, it was 
necessary t o  vary the motion derived from the cam in accord- 
ance with the pressure exerted upon a certain part of the 
machine; for instance, if the pressure exceeds a given limit 
during a dwell, the rise must take place in 90 degrees instead 
of 120 degrees; whereas, if the pressure decreases below the 
desired amount, the drop must be lengthened to 120 degrees. 
The mechanism for automatically varying the cam motion is 
comparatively simple, as the illustration indicates. 

The main cam A carries two auxiliary cams B and C. These 
cams are driven by pins, which pass through them as  shown 
by the sectional view, and they are free to slide upon these 
pins and the shaft, parallel to the axis of the shaft. Cam B 
carries a roller K and cam C, a roller L. Adjacent to these 
movable cams, there is a disk D having two sets of ratchet 
teeth and two side cams M and N. (The end view of this 
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disk is shown at the lower part of the illustration.) A pawl 
F rests upon the block G until the increase or decrease of 
pressure interferes with the balance of the spring shown and 
causes pawl F to drop into engagement with a ratchet tooth. 
4s soon as this engagement occurs, disk D stops rotating and 
cams M and N come into engagement with rollers K and L 
and force cams B and C over toward cam A, so that they en- 
gage the wide cam-roller on the follower, and give it the re- 

ng. 6. Cam eqolpped r t t b  Yechnlam in Varying RIM and Drop 
Accordlag to Redetermined Renure on Anothcr Part of the Machtne 

quired variation of movement. The cam H returns pawl F 
to the neutral position. 

Sectional Interchangeable Cams for Varying Motion.- A 
flexible cam system was required that made it possible to 
vary the motion relative to the complete cycle of movements 
by substituting one interchangeable cam section for another, 
instead of using a large single cam for each variation. Two 
distinct methods of obtaining practically identical results were - - 
successfully evolved. One mechanism was a rotary type and 

the other involved the use of rectilinear motion for the cam 
sections. Both mechanisms might properly be called "maga- 
zine" cams, because the cam sections are continually placed 
in action and then replaced by others in successive order. 

The rotary design is illustrated in Fig. 7. The cam sec- 
tions shown at A are semi-circular. The continuity of the 
cam surface is obtained by making each semi-circular sectioll 
in the form of a half turn of a spiral with close-fitting joints, 
the complete cam appearing like a worm. The sections are 
fed longitudinally along the shaft and successively under the 

Pig. T. Crm Yechanlrm Prodded with Interchaagamble Sectloru tW 
Varying Yotion of Pollowar 

lever roller at a rate of advance equaling the lead of the 
spiral. Four feathers C are provided to guide and retain the 
cams. The two screws D pi-oducing the longitudinal move- 
ment are driven by pinions E meshing with an internal gear 
F, which is fastened to the bearing, As the feathers extend 
only to within the width of one cam from the left bearing, 
two sections drop from the shaft at every revolution, the 
dropping sections being guided by the guides G. The double 
cam upon the driving gear I, the lever I ,  and the carrier-slide 
K provide the means for hanging the semi-circular cams upon 
the magazine bar H .  The slide K catches each piece by the 
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pins L and, by pushing one, causes the further one to slide 
onto the lifting slide M which engages its grooved hub. The 
gears N and 0, in the ratio of 1 to 2, and disk P operate a 
slide for returning the cams to their shaft. The rollers on P 
successively engage the steps MI and M2, thus raising the slide 
which drops back automatically. 

T o  facilitate engagement between the cam threads and the 
screws, the square threads of the latter are V-shaped at the 
entering ends, and, to insure locking the cams to the shaft 
quickly, the ends of the feathers recede into pockets and fly 
out by the action of springs. Any part of the system may be 

Fig. b Interchr~erblr Cam Sectlonr which hare r Roctlllnru Yotlon 

changed by placing the desired section in a holder and intro- 
ducing it between the slide K and the magazine bar. The cam 
to be removed-the dropping cam--comes out upon an in- 
clined runway of the holder. 

The alternate design is the rectilinear cam system shown 
in Fig. 8. The mechanism consists of the cam sections A, 
provided with rack teeth at B. (See also detail sectional 
view.) Each section has four lugs C which act as guides in 
the ways D. A pinion E feeds the sections along beneath the 
lever roller, and the frictionally driven pinion F assembles 
them. When any section has passed beneath the roller, it 
is automatically hung upon the magazine chute. The for- 

ward lugs C are made slightly longer than the rear ones, t o  
span the gap G; but the rear lugs enter the gap just as the 
forward lugs clear the ways. The sections are taken from 
the lower part of the ways in the magazine by spring-con- 
trolled forks H upon the chain I which engage the lugs and 
lift the cams until the smaller lugs strike a t  the comer J. The 
linked gear K meanwhile engages the rack, and as it swings 
about the center L, it lifts the cam up against the ways; here 
the resistance offered to further motion of the links causes K 
to rotate about its own center and slide the cam into place. 

Substitute sections are introduced a t  M, and the replaced sec- 
tions are lifted from the ways. 

Double Two-revolution Cam of Shifting Type. - The  cam 
mechanism illustrated at A in Fig. 9 is so arranged that two 
revolutions of a double cam are necessary in order to  give the 
required motion to  a follower. One revolution is required 
for the rise or  upward movement of the follower and a second 
revolution for the "dwell," during which the follower re- 
mains stationary. The cam sections a and b are fastened to- 
gether and are free to slide upon their shafts a distance equal 
to the face width of one section. T h e  two cam sections are 
driven by means of a spline. Roll c is attached to the follower 
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or driven member and, in the illustration, is shown in contact 
with the spiral cam a, from which the upward movement is 
derived. The cam b is simply a circular disk mounted con- 
centric with the shaft. The lever d for shifting the double 
cam is operated by a "load-and-fire" mechanism having a 
spring plunger at e. (The load-and-fire principle is explained 
in Chapter VI on "Reversing Mechanisms.") 

When the mechanism is in operation, cam a lifts roll c to 
~ t s  highest position, when lever d shifts the double cam along 
the shaft, leaving roll c upon cam b, where it remains during 
a dwell of one revolution; the cam is then immediately shifted 
in the opposite direction, thus allowing roller c and the driven 
member to drop instantaneously upon cam section a. The 
movement of shifting lever d is derived from the double-ended 
lever f (see detailed view) which extends through a slot in 
the cams. This lever is pivoted at the center and is free to 
swing in one direction or  the other, until it rests against the 
sides of the opening. With the double cam in the position 
shown in the illustration, end f engages roll h and forces it to 
the left until spring plunger e comes into action and suddenly 
throws the lever over the full distance. The opposite end of 
lever f swings far enough to clear roll k before this roll is 
thrown over. 

Lever Vibrated from Shaft on which it is Fu1crumed.- A 
cam which is used for vibrating a lever twice for each revo- 
lution of a shaft on which it is fulcrumed is illustrated at B 
in Fig. 9. A gear 1 attached to  the shaft drives a pinion m 
which is one-half the size of the gear. This pinion revolves 
cam n, and the shaft for the pinion and cam has a bearing in 
the end of lever p. The cam revolves in contact with a sta- 
tionary roll o which causes the lever to vibrate about the shaft 
as a center twice for every revolution. 

Shaft Oscillated by Cam located on it. - Fig 9 shows, at C, 
how a shaft can be given an oscillating or rocking movement 
by a cam which is mounted on the shaft. The cam r is at- 
tached to  gear q which is driven from an outside source. As 
the cam revolves in contact with roll s, a reciprocating motion 

is imparted to  slide t. A chain attached to this slide passes 
over a sprocket u which is fast to the shaft. The other end 
of the chain is fastened to a tension spring beneath the slide, 
which serves to hold the roll s into engagement with the cam. 

Double-track Cam.- A cam that provides the required 
motion and "dwells" for a slide on a special flat-wire form- 

W. iQ Clrn had- h o  Concentric Omern rhich a n  Enp.cld A l b r u ~ W . 1 ~ .  by r 
Roller on the Drlvm Btide 

ing m;lchine (See Fig. 10) is so designed that the follower A 
has a dwell at each end of its stroke. The cam has two con- 
centric grooves B and C, and as it rotates, the roller on fol- 
lower A is transferred alternately from one groove to the 
other by means of the switching levers D and E. T h e  roll 
in the illustration is about to come into contact with lever 
D, which will swing around until the lug F engages pin G; 
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then edge D will be flush with edge H and follower A will 
pass into groove C. The path thus formed to guide the roll 
into groove C is positive, as lever D is against stop G and 
lever E is against J. 

As soon as the roll passes the end of lever D, the latter 
snaps back to the position shown, through the action of spring 
K. T h e  follower now dwells a t  one end of its stroke, as 
groove C is concentric. When the cam has revolved far 
enough to  bring the roll into contact with lever E, the latter 
swings around until it strikes stop-pin L, and then the edge 
E is flush with end M. A path has now been formed which 
leads the roll into the outer groove B, after which lever E 
snaps back to the position shown, through the action of coil 
spring N .  The cam rotation then continues until the roll is 
again in the position illustrated, when the cycle just described 
is repeated. 

The follower is rigidly connected to a slide (not shown) 
which operates a mandrel for forming the stock. The cam 
receives its motion from shaft P. The required movement 
could have been obtained by the use of an ordinary cam, thus 
reducing the speed of shaft P one-half, but because of diffi- 
culties due to conflicting machine speeds, it was considered 
advisable to employ the special cam described. 

Spiral Cam for Reciprocating Motion. - A positive spiral 
cam drive for imparting a reciprocating motion to a slide is 
shown in Fig. 11. The cam C, which has a spiral groove, 
revolves continuously in the direction indicated by the arrow, 
and transmits motion to slide D through engaging rollers A 
and B which are connected by rocker arm E,  and are arranged 
to engage the cam alternately. If roller A is in the inner posi- 
tion o r  at the inner end of the cam groove as shown, it will 
be traversed to  the outer end of the groove while the cam 
makes 1% revolutions; as this roller approaches the outer 
end of the groove, it engages a cam insert F (see also detail 
sectional view) placed in the groove; consequently, roller A 
rides up the inclined surface of this cam insert, which causes 
rocker E to force the other roller B down into engagement 
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with the inner part of the cam groove; then the return stroke 
of the slide begins as the cam continues to revolve, and when 
roller B has reached the outer position, thus completing one 
cycle, the action is reversed, roller A being again forced into 
engagement at the inner position of the cam groove. I t  will 
be seen then that three cam revolutions are required for the 
forward and return strokes of the slide, and the rollers suc- 
cessively traverse from the inner to the outer positions. 

At the beginning and end of the spiral, the groove is milled 
concentric with driving shaft G (as indicated by the arrows 

J and K) which provides a dwell equivalent to onuighth 
revolution of the cam at each end of the stroke. The con- 
centric sections J and K also permit the rolls to enter and 
leave the groove freely. The spiral groove advances uni- 
formly so that a uniform motion is imparted to the driven 
slide. The rocker E, which swings on pin L, has rounded 
ends that engage grooves cut in the roller plungers. Pawl M 
which is backed by a spring, drops into either of two half 
round grooves in the plunger for locating it in the upper and 
lower oositions. The other plunger has the same arrange- 

ment. The cam insert F is of hardened tool steel and the 
rolls are beveled at the bottoms to correspond with the curve 
of the insert. 

Cam-stroke Adjustment without Stopping Machine. - The 
mechanism shown in Fig. 12 is for traversing the table of a 
grinding machine along the bed. This machine, which is of 
a comparatively small size, is intended for internal and ex- 
ternal grinding operations; thus it is necessary to  provide 
means for readily changing the stroke of the table. With 
the mechanism illustrated, any variation in stroke can be 
obtained from zero to the maximum while the machine is 
operating. The motion for the table is derived from a heart- 
shaped cam C mounted on a vertical shaft which is driven 
through a speed-changing mechanism. This cam engages a 
roll attached to the lower side of an oscillating arm A having 
on its upper side another roll B which can be adjusted relative 
to the pivot P about which the arm oscillates. This upper 
roll operates between the parallel faces of yoke D, and the 
latter is attached to a rod E located beneath the table of the 
machine. On the under side of the table and extending 
throughout its entire length is a dovetailed slide-way in which 
is fitted a block that is attached to and moves with the recipro- 
cating rod E. By means of a suitable lever, this block, which 
fits into the dovetailed slide-way, can be clamped in various 
positions for changing the location of the table. The action 
of the mechanism is as follows: When the cam C is rotat- 
ing, arm A oscillates about pivot P and, through roller B, 
transmits a rectilinear motion to yoke D, rod E, and the table 
The length of this movement or stroke is governed by the 
position of roll B relative to pivot P, which may be varied by 
means of a screw that is connected through a universal joint 
with a shaft upon which handwheet H is mounted. When roll 
B is moved inward until it is directly over pivot P, no move- 
ment will be imparted to yoke D or the table. 

Crank and Cam-lever Combination. - An interesting form 
of mechanism is illustrated in Fig. 13. This mechanism is 
used on moving picture cameras ancl alqo for feeding films 
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through printing machines. I t  is commonly referred to  as 
a "claw" mechanism or  movement. The claw or  hook A is 
double and engages evenly spaced perforations that are along 
each edge of the film. When this device is applied to a mov- 
ing picture camera, the film is drawn, from a roll in the film 
box, down in front of the lens and then passes to a reel in the 
receiving box. The film remains stationary during each ex- 
posure and is drawn downward between successive exposures 
which are made at the rate of sixteen a second. The hook 
A, which engages the film and moves it along intermittently 
and with such rapidity, receives its motion from a crank and 
cam-lever combination. The two intermeshing gears B and C 

revolve in opposite directions. Gear B ha9 a crankpin upon 
which the hook is pivoted. An extension of this hook has a 
curved cam slot that engages a pin on gear C. As the two 
gears revolve, the hook is given a movement corresponding 
approximately to  the D-shaped path indicated by the dotted 
lines. While this mechanism is shown in a horizontal position 
in the illustration, it would normally be vertical with the hook 
uppermost, when in operation. Some of the other claw 
mechanisms in use differ from the one shown in regard to 
the arrangement of the operating crank and the cam o r  curved 
slot for modifying the crank motion. For instance, the cam, 
in some cases, is a separate part that is placed between the 
crank and the film hook, a pin on the hook lever engaging the 

cam slot. Another type of claw mechanism derives both the 
downward motion for moving the film and the in and out 
movements of the film hook from separate cam surfaces. 

Group of Cams engaged Successively. - The mechanism 
to be described was designed to engage with the driving shaft 
first one and then another of the cams in a group of five 
mounted upon the same shaft. I t  was necessary to have these 
cams operate their respective levers successively back and 

Fig. 14. Cams In r Group Engaged Succsufrel~ 

forth from one end of the group to the other, and while any 
one cam was in action the others must remain stationary with 
their lever rolls on a 90-degree dwell. Eight revolutions of 
the shaft were required to complete one cycle of movements. 
The device for controlling the action of these cams is shown 
in Fig. 14. The cams A, B, C, etc., are mounted upon a hol- 
low shaft D carried in bearings E. T h e  engagement of suc- 
cessive cams with the hollow shaft is effected by a roll-key G 
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which is caused to move inside of the shaft from end to end. 
This motion of the roll-key is obtained from ratchets I\' and 
K,. (See longitudinal section at lower part of illustration, 
which is taken at an agle of 90 degrees to upper section in 
order to show more clearly the construction.) As the roll-key 
is moved along, it follows the inclined surfaces H which bring 
it into engagement with the respective cam keyways, as at M. 
Within the roll-key there is a double-ended pawl L (see also 
detail view) which is held into engagement with either ratchet 
K or  K1 by balls and springs. The ratchets are cut oppositely 
and are given a reciprocating movement by cam 0, roll N, 
and roll screw P which causes both ratchets to reciprocate 
together. A similar equipment on the opposite end of the 
ratchet makes the motion positive. When the roll-key has 
engaged the last cam in one direction, the return of the ratchet 
causes the pawl L to rise onto a higher surface, thereby throw- 
ing it into mesh with the other ratchet and effecting the 
reversal. 

Obtaining Resultant Motion of Several Cams. -A driven 
member ~r follower is given a motion corresponding to the 
resultant motion of four other cam-operated followers by the 
mechanism to be described. These followers are in the form 
of levers, which are equally spaced and fulcrumed upon one 
bar. Four of the levers are  operated independently by four 
positive-motion cams. The fifth lever, which is in the center 
of the group, receives the resultant motion of all the others; 
that is, the forces acting upon the other four levers are auto- 
matically resolved and their resultant in magnitude and di- 
rection is transmitted positively to the fifth lever. I t  is not 
necessary to show the cams or  levers to illustrate the prin- 
ciple involved, but the ingenious apparatus by means of which 
the resultant motion is obtained is shown in horizontal sec- 
tion in Fig. 15. Each of the four levers is connected by a 
knuckle joint to one of the racks A, B, C, and D. These 
racks are free to slide up and down independently and are 
arranged in two pairs. One pair meshes with pinion E and 
the other pair with pinion F. As the arranaement of thr 

mechanism is symmetrical it will only be necessary to describe 
the action of one side. Any movements of the levers con- 
necting with racks A and B will be transmitted to pinions E 
and GI which are mounted on one stud and rotate together. A 
stationary rack H and a sliding rack J engage pinion G. The 
sliding rack J carries a pinion K which, in turn, engages a 
stationary rack L and a sliding rack M. Pinion N is located 
on sliding bar P t o  which is attached the fifth lever previously 
referred to. 

In order to illustrate the action of this mechanism, assume 
that rack A lifts one inch, rack B drops one-half inch, rack C 
is stationary, and rack D lifts one-quarter inch. The resultant 
is a three-quarter inch rise. In analyzing the motion, it should 
be remembered that a pinion moving along a stationary rack 
will cause a movable rack on the opposite side to travel with 
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Pig. 15. I b e c h d m  for Obtrlntng Renaltant Motion of Several C a m  

twice the pitch-line velocity of the pinion, which fact and its 
converse are here applied. The racks A and B acting upon 
pinion E will cause it to rise X (1 - s) = f / 4  inch. This 
movement is doubled in the sliding rack J which, therefore, 
travels ,one-half inch, and i t  is again doubled in sliding rack 
M which as a movement of one inch. Rack M, in turn, moves 
pin N and the fifth lever slide P one-half inch. If the action 
of racks C and D is analyzed in a similar manner, i t  will be 
found that rack 0 has a movement of one-half inch, and rack 
N, onequarter inch, which gives a total rise of the lever at- 
tached to slide P of three-fourths inch. To further illustrate 
the action, if all of the cam levers should drop one inch simul- 
taneously, the result would be a drop of four inches for the 
middle lever attached to slide P. 
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CHAPTER I1 

INTERMITTENT MOTIONS FROM RATCHET 
GEARING 

IT is frequently necessary for machine parts to operate in- 
termittently instead of continuously, and there are various 
forms of mechanisms for obtaining these intermittent mo- 
tions. A tool-slide which is given a feeding movement a t  
regular intervals is an  example of a part requiring an inter- 
mittent movement. Automatic indexing mechanisms which 
serve to  rotate some member, periodically, a definite part of 
a revolution, after the machine completes a cycle of opera- 
tions, represent other applications of intermittent move- 
ments. The usual requirements of an intermittent motion, 
when automatic in its action, are that the motion be properly 
timed relative to the movement of parts operating continu- 
ously and that the member receiving the intermittent motion 
be traversed a predetermined amount each time it is moved. 
The movement may be uniform or it may vary periodically. 
When the machine part which is traversed intermittently 
must be located in a certain position with considerable accu- 
racy, some auxiliary locating device may be utilized in con- 
junction wirn the mechanism from which the intermittent 
motion is obtained. For example, the spindle carriers of 
multiple-spindle automatic screw machines are so arranged 
that the carrier is first rotated to approximately the required 
position by an intermittent motion, and then it is accurately 
aligned with the cutting tools by some form of locating 
device. 

Ratchet Gearing. - One of the simplest and most common 
methods of obtaining intermittent movements is by means of 
ratchet gearing. This type of gearing is arranged in various 

ways, as indicated by the diagrams in Fig. 1. I n  its simplest 
form, it consists of a ratchet wheel a (see diagram A ) ,  a pawl 
b, and an arm o r  lever c to which the pawl is attached. The 
arm c swings about the center of the ratchet wheel, through 
a fractional part of a revolution, as indicated by the full 
and dotted lines which represent its extreme positions. When 
the movement is toward the left, the pawl engages the teeth 

r 1 
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Pig. 1. Different Amngements af Rntbet 

of the ratchet wheel so that the latter turns with the arm. 
When the arm swings in the opposite direction, the pawl 
simply lifts and slides over the points of the teeth without 
transmitting motion to the ratchet wheel. If a load must 
be sustained by the ratchet gearing, a fixed pawl located at 
some point, a s  indicated a t  d, is used to prevent any back- 
ward rotation of the ratchet wheel. 

With gearing of this general type, the faces of the ratchet 
teeth against which the end of the pawl beats should be so 
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formed that the pawl will not tend to fly out of mesh when a 
load is applied. In order to prevent such disengagement, the 
teeth should be so inclined that a line at right angles to the 
face of the tooth in contact with the pawl will pass between 
the center of the ratchet wheel and the pivot of the pawl. If 
the face of this tooth should incline at  such an angle that a 
line at right angles to it were above the pawl pivot, pressure 
against the end of the pawl would tend to force it upward out 
of engagement with the ratchet wheel. 

Multiple Pawls for Ratchets.- When a single pawl is 
used as  shown at A, Fig. 1, the arm which carries it must 
swing through an arc equal to at least one tooth of the ratchet 
wheel; hence the pitch of the teeth represents the minimum 
movement for the wheel. If two or more pawls are used, a 
relatively small motion of  the arm will enable successive teeth 
to be engaged without decreasing the pitch of the ratchet 
wheel. The principle is illustrated by diagram B which shows 
two pawls in position instead of one. As will be seen, one 
pawl is longer than the other by an amount equal to one-half 
the pitch of the ratchet teeth. With this arrangement, the 
movement of the arm rrdy equal only one-half the pitch, i f  
desired, the effect being the same as though a single pawl 
were applied to a wheel having teeth reduced one-half in pitch. 
By using three pawls, each varying in length by an amount 
equal to one-third of the tooth pitch, a still finer feeding move- 
ment could be obtained without actually decreasing the pitch 
of the teeth and thus weakening them. 

Reversal of Motion with Ratchet Gearing. - A simple 
method of obtaining a reversal of motion is illustrated by 
diagram C, Fig. 1. A double-ended pawl is used and, in order 
to reverse the motion of the ratchet wheel, this pawl is simply 
swung from one side of  the arm to the other, as indicated by 
the full and dotted lines. Reversible ratchet wheels must have 
teeth with bearing faces for the pawl on each side. 

Another method of obtaining a reversal of motion is shown 
at D. The pawl, in this case, is in the form of a small plunger 
which is backed up by a spiral spring. One side of the pawl 

is beveled so that the pawl merely slides over the teeth on the 
backward movement of the arm. When a reversal of move- 
ment is required, the pawl is lifted and turned half way 
around, or  until the small pin f drops into the cross-slot pro- 
vided for it, thus reversing the position of the working face 
of the pawl. 

Frictional Ratchet Mechanisms. - The  types of ratchet 
gearing previously referred to all operate by a positive en- 
gagement of the pawl with the teeth of the ratchet wheel. 
Some ratchet mechanisms are constructed on a different ptin- 
ciple in that motion is transmitted from the driving to the 
driven member by frictional contact. For  instance, with one 
form, the driving member encircles the driven part which 
has cam surfaces that are engaged by rollers. When the 
outer driving member is revolved in one direction, the rollers 
move along the inclined cam surfaces until they are wedged 
tightly enough to lock the driven part and cause it t o  turn 
with the operating lever. When the driver is moved in the 
opposite direction, the backward motion of the rollers releases 
them. This general principle has been applied in various ways. 

Double-action Ratchet Gearing. - I t  is sometimes desir- 
able to impart a motion to the ratchet wheel during both the 
forward and backward motions of the ratchet arm or  lever. 
This result may be obtained by using two pawls arranged as  
illustrated by diagram E, Fig. 1. These pawls are so located 
relative to the pivot of the arm that, while one pawl is ad- 
vancing the ratchet wheel, the other is returning for engage. 
ment with the next successive tooth. 

Variable Motion from Ratchet Gearing. - Ratchet gmr- 
ing, especially when applied to machine tools for imparting 
feeding movements to tool-slides, must be so  arranged that 
the feeding motion can be varied. A common method of ob- 
taining such variations is by changing the swinging movement 
of the arm that carries the operating pawl. In many cases 
the link which operates the pawl arm receives its motion either 
from a crank or  a vibrating lever, which is so arranged that 
the pivot for the rod can be adjusted relative to the center of  
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rotation for changing the movement of the operating pawl 
and the rate of feed. 

One method of adjusting the motion irrespective of the 
movement of the operating pawl is illustrated at F in Fig. 1. 
The pawl oscillates constantly through an arc a, and this angle 
represents the maximum movement for the ratchet wheel. 
When a reduction of motion is desired, the shield b is moved 
around so that the pawl is lifted out of engagement with the 
ratchet wheel and simply slides over it during part of the 

Pig. 2. Ratchet Mechanlau to Prevent Reverul of Rotation and Arranged to LUI 
Pawl and Eliminate Nolae when Ratchet Wheel ia RoUtlnt ClocMw 

stroke. Thus, when the shield covers three of the teeth as 
shown in the illustration the motion of the ratchet wheel is 
reduced the same as though the swinging action of the pawl 
lever had been diminished an amount corresponding to three 
of the teeth. With the particular arrangement illustrated, 
the shield is held in any position by means of a small spring 
plunger c that engages holes in a stationary plate d. 

Ratchets having Lifting Pawls to Prevent Noise.-Fig. 2 
shows the construction of a ratchet mechanism that was de- 
signed for use on machines in which the noise of the pawl 
passing over the teeth of the ratchet is objectionable. Inci- 

dentally, the continuous wear on the ratchet teeth and the 
end of the pawl is eliminated by the arrangement shown. 

The ratchet wheel F revolves with the shaft G. The pawl 
D swings freely on the pivot I, which is held in the stationary 
part of the machine. The connecting links E are free on the 
shaft G and are held together at  their upper ends by the rivet 
J which has a shoulder on both sides. This permits the links 
to be tightly fastened together and still be free to swing on 

Fig. 3 Ratchet Yecb.nirm with BUenciac D d w  

the pawl D. The links E are sprung together, or  toward each 
other at the lower end, so that they have a slight friction bear- 
ing on the sides of the ratchet wheel F. There is an elongated 
hole in pawl D through which rivet 1 passes. 

The action of the mechanism is very simple but effective. 
When shaft G is turned clockwise, ratchet wheel F turns with 
the shaft. The friction on the sides of ratchet wheel F has 
a tendency to revolve links E with the wheel. The tendency 
to revolve, however, is prevented by rivet J which passes 
through pawl D. As rivet J shifts t o  the right-hand end of 
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the slot in D this action results in lifting pawl D out of con- 
tact with wheel F and holding it out of contact as long as 
shaft G is turned in a clockwise direction. The height that 
pawl D is lifted above the ratchet wheel is controlled by the 
length of the slot through which rivet J passes. As soon as 
shaft G revolves in the opposite direction, as indicated by 
arrow B, links E tend to revolve with the ratchet, and this 
results in bringing pawl D downward into contact with the 
teeth of the ratchet wheel, as shown in the illustration. 

Another ratchet equipped 
with a silencing device is il- 
lustrated in Fig. 3. Boss 
A contains a spring plunger 
provided with a fiber tip. 
,This plunger produces a 
slight friction on the ratchet 
sides and so causes the pawl 
to be lifted from the ratchet 
teeth on the idle stroke and 
kept from contact with the 
teeth until the working 

mg. Q Ratchet Ibechmimm having stroke. Many modifications 
Doable-ended Pawl of this principle are possible. 

Silent Ratchet having Double-ended Pawl.-The ratchet 
mechanism shown in Fig. 4 has a double-ended pawl which 
operates silently. When the ratchet wheel turns in the direc- 
tion indicated by arrow A, or when the pawl rotates in the 
direction indicated by arrow B, the end C of the pawl is raised 
by tooth D, thus bringing the end E into position to be en- 
gaged by tooth F. The engaging faces of the teeth are sloped 
so that the pawl will slide to the root and obtain a full con- 
tact. No spring is attached to the pawl. 

When used as a feeding device, a frictional resistance, such 
as a friction washer placed on the fulcrum pin G, must be pro- 
vided t o  eliminate rattle and insure the proper functioning 
of the pawl. When used simply to prevent the reversal of 
either member, no frictional resistance is necessary. In  lay- 

ing out a ratchet of this type it should be borne in mind that 
one of the pawls is just on the point of passing the tip of one 
of the teeth when the other pawl is midway between the tips 
of two teeth. I t  should also be noted that this type of ratchet, 
when used as a feeding mechanism, provides for feeding or 
indexing in multiples of one-half of a tooth space. 

Silent Ratchet of Ball or Roller Type -The design of 
ratchet shown in Fig. 5 should not be confused with the fric- 
tion type. Power is transmitted by gripping the balls or 

NI. A Design that Trrnmrnlta Power by Gripping Ballr or Rollerr 
between the Drlring and Driven Memberr 

rollers between surfaces A and B of the driving and driven 
members, not between cam surfaces. No springs are employed 
to bring the balls into place, gravity alone being relied on. 
Usually only three balls are in action; in the illustration it 
will be observed that ball C is not in engagement. Either 
member D or  E may serve as the driver. When this mechan- 
ism is used in a drive where the movement need not be accu- 
rate, it is not necessary to machine the engaging surfaces, and 
iron castings serve well unless the strain is severe. 

Ratchet Designed to "Dwell" Automatically. -When a 
feed-shaft or other driven member requires a "dwell" after 
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every partial revolution, this may be obtained by a double 
ratchet mechanism arranged like the one shown in Fig. 6. 
This particular mechanism is designed to give a dwell equiva- 
lent to 3 teeth, or 3/16 revolution of the ratchet wheel, after 
every movement equal to 13 teeth, or  13/16 revolution. 

Ratchet wheel B has the idle period or dwell, and ratchet 
wheel A carries a shield or guard F which prevents the pawl 
E of wheel B from operating during the dwell. Ratchet wheel 
B is keyed to shaft D, and the auxiliary ratchet wheel A is 

- -  - 

ti(. 6. Deabla Ratchet Haring Shield whleh Praraatr One P a w  !ram 
Eagaglng Wheal Daring Dtall 

confined between two leather disks K, the pressure required 
being obtained from check-nuts J. Pawl E engages wheel B, 
as mentioned, and pawl M engages wheel A. These two pawls 
are pivoted to and operated by lever C, which gives them a 
movement that is slightly greater than three ratchet wheel 
teeth. 

The function of the auxiliary ratchet A is merely to carry 
shield F around so as to prevent E from engaging wheel B 
during the idle period. The illustration represents the begin- 
ning of the dwell, which will continue until pawl M has moved 
A around so that shield F does not interfere with the action 

of pawl E. Shaft D is a running fit in sleeve I, which is a 
force fit in part H of the machine. 

Automatic Variation in Ratchet Feed Motion.-A special 
attachment on a wood-turning machine requires a compara- 
tively heavy feed a t  the beginning, followed by a finer feed 
for finishing. This alternate retarding and accelerating feed 
motion is obtained automatically from a ratchet mechanism 

1 

Fig. I .  Ratchet Feed Haremant rhleh ir I n m u d  and Dwrmsd 
Alternately am Cam Vuier Radial Po.1Hon of Crankpi. 

(see Fig. 7) which is so designed that the radial position of 
the ratchet lever crankpin is continuously increased and de- 
creased by a cam. The ratchet wheel A is secured to the feed- 
screw shaft and the cam groove N is cut in one side. Ratchet 
lever D is free to  turn on shaft J, and i t  carries the feed pawl 
B. Lever D is given a swinging or  oscillating movement by 
link C which connects with stud K. This stud is driven into 
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the slide or cross-head F, and it has a projection on the other 
side carrying the cam roll G which engages cam groove N. 

I t  is evident that as ratchet A is intermittently rotated, the 
cam will first increase the radial position of pin K until point 
M is ~assed ,  and then will return pin K to the minimum radial 
position shown by the illustration. This increase and decrease 
between the centers of shaft J and pin K will, of course, have 
a corresponding effect upon the arc through which lever D 
swings and the resulting movement imparted to ratchet wheel 
A and the feed-screw. 

Automatic Reduction of Intermittent Movement -The 
mechanism to be described is applied to a chucking grinder 
for automatically reducing the cross-feeding movement and 
depth of cut, as the diameter of the part being ground ap- 
proaches the finished size. The head which carries the grind- 
ing wheels (three or four wheels are used on this machine) 
is given a reciprocating motion on the bed of the machine, 
and the work-spindle head is mounted on a bracket that can 
be set at an angle relative to the motion of the wheel-carrying 
slide for taper grinding. The shaft which transmits motion 
to the cross-feed mechanism shown in Fig. 8 derives its mo- 
tion from a cam surface on a swinging member of the wheel- 
head reversing mechanism, which is of the bevel gear and 
clutch type controlled by a load-and-fire shifting device. The 
universally jointed telescopic shaft F ,  transmits motion to 
the cross-feed mechanism at  whatever angle the swiveling 
bracket and work-spindle may be set. The cross-feed screw 
M, has mounted on it a handwheel K2 and a spur gear Nz.  
This spur gear is connected with ratchet wheel H ,  by a tumbler 
gear arrangement controlled by lever J2, which thus provides 
for reversing and disengaging the feeding movement. The 
ratchet wheel is operated by a pawl 02, pivoted to lever Gn 
which, in turn, receives its movement from rockshaft F,. This 
movement is positive in the direction which operates the 
ratchet wheel Hz,  and through it the cross feed. In the other 
direction, motion is derived from a spring R2 until the point 
of plunger S2 brings up against the adjustable stop T,. As 

the position of T ,  governs the extent of the movement of the 
swinging of lever G2, a greater or less cross feed is effected at 
each stroke. 

The position of stop Tz,  and the amount of feed, is gov- 
erned by two things. In  the first place, the knurled nut U1 

FIE. 8. Ratchet Feeding Mechanism Arranged to A u t o r m t l d t  
Diminish the Feedlac Xovement 

furnishes a check to its backward movement, and thus regu- 
lates the rate of cross feed. Screwing this nut out increases 
the feed - screwing it back decreases it. In  the second place, 
the feed is controlled by cam V*, which is adjustably clamped 
on the shaft of ratchet wheel Hz,  and revolves with it in the 
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direction of the arrow. As the feeding progresses, the lower 
edge of V, comes into contact with the left-hand end of stop 
T,, gradually limiting its movement from that permitted by 
the adjustment of U2 until finally, in the position shown, the 
swinging of lever Ga is stopped altogether, thus stopping the 
cross feed. The diminishing depth of cut thus provided for,  
as the desired finished diameter is approached, tends t o  im- 
prove the work in regard to accuracy and finish. It will be 
noted in the plan view that there are three stop cams V2, three 
stops T2, and three feed adjusting nuts US and plungers S3. 

Fig. 9. Ratchet hating Amaged to Disengage Automtiully liter r 
Predstsrmiabd Yorsmeat 

Any one of these three latter may be pressed down into work- 
ing position, thus giving a separate cross-feed stop and rate 
of feed for each of three operations. 

Automatic Disengagement of Ratchet Gearing at a Preda 
termined Point - The action of ratchet gearing can be 
stopped automatically after the ratchet wheel has been turned 
a predetermined amount, by equipping the wheel with a n  
adjustable shield which serves to disengage the pawl after the 
required motion has been completed. This form of disen- 
gaging device, as applied to the cross-feeding mechanism of 

a cylindrical grinding machine, is shown in Fig. 9. This 
mechanism is used to automatically feed the grinding wheel 
in toward the work for taking successive cuts, and it is essen- 
tial to have the mechanism so arranged that it can be set to 
stop the feeding movement when the diameter of the work 
has been reduced a predetermined amount. When the pawl 
A is in mesh with the ratchet wheel B, the grinding wheel is 
fed forward an amount depending upon the position of screws 
(not shown) which control the stroke of pawl A. T h e  auto- 
matic feeding movement continues at each reversal of the 
machine table, until the shield C, which is attached to head D, 
intercepts the pawl and prevents it from engaging with the 
ratchet wheel, thus stopping the feeding movement. T h e  arc 
through which the ratchet wheel is turned before the pawl is 
disengaged from it, or the extent of the inward feeding move- 
ment of the grinding wheel, depends upon the distance be- 
tween the tooth of the pawl and the end of the disengaging 
shield. With the particular mechanism illustrated, a move- 
ment of one tooth represents a diameter reduction of 0.00025 
inch, so that the amount that the wheel moves inward before 
the feeding motion is automatically disengaged can be changed 
by simply varying the distance between the shield and the 
pawl. T o  facilitate setting the shield, a thumb-latch E is 
provided. Each time this thurnb-latch is pressed, the shield 
moves a distance equal to one tooth on the ratchet wheel. For 
instance, if the shield is at the point of disengagement and 
the latch is pressed sixteen times, the shield will move a dis- 
tance equal to sixteen teeth. As each tooth represents 0.00025 
inch, a feeding movement of 0.004 inch will be obtained be- 
fore the pawl is automatically disengaged. This mechanism 
prevents grinding parts below the required size, and makes 
it unnecessary for  the operator to be continually measuring 
the diameter of the work. I t  is located back of a handwheel 
(which is partly shown in the illustration) that is used for 
hand adjustment. The pawl is kept in contact with the ratchet 
wheel and is held in the disengaged position by a small spring- 
operated plunger F. 
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Non-stop Feed Ratchet Adjustment-1. - Ordinarily, the 
feeding movement obtained with a ratchet ieeding mechanism 
is varied by changing the radial position of the operating 
crankpin, but this is not readily accomplished without stop- 
ping the machine. The variable ratchet feeding mechanism 
shown in Fig. 10 may be adjusted while operating. I t  consists 
of a fixed crankpin A mounted on a crank disk B, which, in 

Flg. 10. Ratchet Feed YIechrnirm whlch may be AdJurted rttboot 
Stopping the Xrchine or Driving Crmk 

turn, is mounted on a main drive shaft. One end of the pitman 
C is connected to the crankpin, and the other end is connected 
to links D and E. Fastened to link E is a sliding bar F, while 
link D is fastened to the rack G. Rack G meshes with pinion 
H, which is free on feed-shaft J but is connected to an arm K 
carrying pawl L. This pawl meshes with the ratchet wheel 
which is keyed to the feed-shaft. 

Thus atranged, the driving motion of the main shaft is 
transmitted to the pawl arm with the sliding bar F abutting 
against the block M; and if the sliding bar is held against M 
during the downward stroke of the crankpin, all of this motion 
will be imparted to the pawl arm, swinging the pawl the maxi- 
mum distance back around the ratchet wheel. On  the upward 
movement of the crankpin, the pawl arm will be pulled up- 
ward and the pawl, engaging with the ratchet wheel, will turn 
the wheel through a maximum degree of rotation. 

However, if the sliding bar is allowed to have some move- 
ment away from block M and the movement of the rack and 
pawl arm is impeded, part of the downward motion will be 
transmitted to  the sliding bar and subtracted from that of 
the pawl arm, depending upon how far the sliding bar, on the 
one hand, and the rack and connected elements, on the other 
hand, are allowed to move. For  example, if no limit is placed 
on the movement of the sliding bar, and no movement of the 
rack and connected parts is allowed during the downward 
stroke of the crankpin, all of the movement will be imparted 
to the sliding bar, and on the upward stroke of the crankpin, 
the sliding bar will merely come back t o  M ,  and there will 
have been no feeding motion imparted t o  the ratchet wheel 
and feed-shaft. 

I t  will thus be seen that by regulating the proportion of 
movements of the sliding bar and the rack, any desired degree 
of rotation of the ratchet wheel and the feed-shaft may be 
effected. Suitable arrangements may be provided for setting 
the position of the sliding bar for each stroke of the machine. 
This can be easily done without stopping the machine. This 
mechanism is especially suitable for feeding structural steel, 
etc., through a punching machine, where the spacing of the 
holes is variable. The main drive shaft then represents the 
main shaft of the punching machine. 

Non-stop Feed Ratchet Adjustment -2. - Many machines 
have feed rolls in one form or  another, the two roll shafts 
being geared together, as for example, by gears A and B (see 
Fig. 11). The lower shaft of this particular design has a 
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ratchet wheel C operated by a pawl carried by lever D, which, 
according to the former arrangement, was given a recipro- 
cating movement by the direct action of a connecting-rod E 
pivoted to it, the motion imparted to E depending upon the 
radial position of a crankpin. When connecting-rod E is di- 
rectly connected to lever DJ changes in the feeding movement 
requires stopping the machine in order to increase or  decrease 
the radial position of the crankpin (not shown) to which con- 
necting-rod E is attached. Moreover, such trial adjustments 
may have to be repeated before the desired feeding movement 
is obtained. In operating these machines, which run a t  200 
revolutions per minute, it is important to feed the correct 
amount because the feeding is against a fixed stop; conse- 
quently, i f  the feeding movement is too long, the ratchet teeth 
and feed rolls wear out very rapidly, and too short a move- 
ment would cause scrap blanks. 

T o  avoid wasting time in adjusting the feed mechanism 
and also secure more accurate adjustments, a feed mechanism 
was designed which permits varying the feed a very slight 
amount i f  desired and while the machine is running a t  full 
speed. This improved design is so arranged that the motion 
is transmitted from connecting-rod E to pawl lever D through 
link G and a link H which swings about a pivot J that may be 
adjusted vertically by turning nut K. As pivot J is moved 
upward less motion is transmitted to pawl lever D, whereas a 
downward adjustment of the pivot has, of course, the oppo- 
site effect, the feed being increased. 

The casting LJ which supports this adjusting mechanism, 
has a vertical slot in which the rectangular head of bolt M 
slides as nut K is turned. This nut is prevented from moving 
vertically by the retaining collar seen in the side view. Link 
H is pivoted a t  J to the forked end of bolt M. The parts 
should be so proportioned that link H will not swing back 
beyond the vertical line. Links H and G of this mechanism 
measure 5 11/16 inches from center to center of the holes, 
and connecting-rod E is about 4 feet long. The crankpin t o  
which E connects is first adjusted roughly t o  give sufficient 
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motion, and then after the machine is started pivot J is ad- 
justed vertically until the feeding movement is exactly what 
is required. This mechanism works perfectly, and not only 
saves time, but has lengthened the life of both ratchets and 
feed rolls. Although some form of friction ratchet would 
make i t  possible to obtain a theoretically perfect adjustment, 
a positive action is desired for this mechanism. A triple form 
of pawl now is used. The distance between these pawls is 
equal to one-third of the pitch of the ratchet wheel teeth; 
hence, in effect, the ratchet wheel has three times the actual 

Mr. 13. Prictlon Ratchet with Worm T m  of Pa11 

number of teeth, so that comparatively fine adjustments are 
possible without eliminating the positive drive. 

Friction Ratchet of Worm-pawl Type. - In Fig. 12 is 
shown an ingenious ratchet consisting of a worm-wheel and 
a worm mounted on a forked lever. When this design is 
enclosed in an oil-tight case and the parts are properly made, 
it functions with a high degree of accuracy. However, it is 
a comparatively expensive arrangement. Either the worm 
or the worm-wheel may be used for driving the mechanism. 
It will be seen that the worm-shaft is equipped with a ball 

thrust bearing a t  A and is provided at B with a bearing that 
sets up an appreciable friction when subjected to a load. Bear- 
ing B and one race of bearing A are keyed to  the shaft. 

When the forked lever is operated in the direction indicated 
by the arrow, the thrust is against the plain bearing B, and 
the frictional resistance prevents the worm from revolving; 
hence the worm acts as a ratchet and turns the worm-wheel. 
On the contrary, when the forked lever is operated in the 
opposite direction, the worm revolves, because i t  overcomes 
the relatively slight friction of bearing A; consequently, the 

Pig. 13. Friction Ratchat 01 Togrle TYPO 

worm-wheel remains stationary while the worm is swung 
backward. 

By regulating the amount that the forked lever is moved 
in the counter-clockwise direction when the worm is the driv- 
ing member, the movement of the worm-wheel can be varied. 
This device should not be regarded as a worm and worm- 
wheel mechanism in the ordinary sense, as no rubbing action 
takes place between the worm and the worm-wheel teeth when 
the two members are under a load. Added advantages of this 
construction are taking up the load without shock, and silent 
operation. An important point to be observed in designing 
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a ratchet of this type is to make the helix angle of the worm 
such that the worm will just revolve when the load is on bear- 
ing A, and will remain stationary when the load is on bear- 
ing B. 

Friction Ratchet of Toggle Type.-The friction ratchet 
shown in Fig. 13 is so arranged that the flange L of the fric- 
tion wheel is gripped between the body M and shoe N. The 
friction surfaces are kept in contact by means of a light spring 
P. When the arm Q moves in the direction indicated by the 
arrow R, body M and shoe N merely slide over flange L, but 
when it moves in the opposite direction, the mechanism is 

I 1 

I 
m. M. h o  Ratchet Da that Fanctlon by Jamming Bdlr between 

e e  Dri* and Driven Members 

friction-locked, so that arm Q, body M ,  shoe N, and link 0 
all move together as a solid piece with the wheel. 

The advantage of this construction is that the sliding or 
friction surfaces have a comparatively large area and there- 
fore great durability. This has the disadvantage, however, 
that, should a heavy film of oil accumulate on flange L ,  the 
ratchet will slip unless the angle S is made not larger than 7 
degrees. A thin layer of oil absorbed on flange L will not 
cause the ratchet to fail. In designing this type of ratchet, 
care should be taken to  see that body M is made very rigid. 
Provision should also be made for a radial movement of body 
M; this may be done by slotting the end to fit the central 

shaft T. Flange L and body M may be made of cast iron, and 
shoe N of soft steel. 

Friction Ratchets of Cam Type. -Two styles of friction 
ratchets are illustrated in Fig. 14. In the one at A the driving 
rollers are jammed between an internal circular surface of 
the outer member and cam surfaces on the inner member. 
With a ratchet of this type, springs are often utilized to force 
the rollers into contact with the jamming surfaces. One 

Fig. IS. Frlctlon Ratchet C o ~ i r t i n g  of a Dhk, Segment, m d  LwW 

disadvantage of this design is that the rollers always bear a t  
the same point on the inner member with the result that in 
time a depression is formed on each curved surface. When 
this occurs, the device can no longer be relied upon, a s  a jam- 
ming action is impossible because of the shoulders that are 
formed. The ratchet shown a t  B was designed to overcome 
this disadvantage. The outer member is placed slightly ec- 
centric relative to the center about which the inner member 
revolves, as indicated on an enlarged scale by the dotted lines, 
and so the jamming of the rollers is distributed on each curve 
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between points D and E. By this provision the forming of 
depressions is obviated. 

A type of friction ratchet, which is fairly reliable in the 
ordinary form, when the disk is concentric, is shown in Fig. 
15. However, if the disk is slightly eccentric relative to the 
fulcrum of the lever to which the engaging segment is at- 
tached, much better results will be secured, because the jam- 
ming is again distributed over a considerable area of the seg- 
ment surface, and the forming of a depression on this mem- 
ber is avoided. This will be apparent by reference to the dot- 

ted positions of the ratchet disk 
and segment. Care must be taken 
to see that the amount of eccentric- 
ity is not too great, or the segment 
will not jam properly on one half 
of the disk periphery. 

Friction Ratchets of Coil Spring 
Type. -The friction r a t c h e t 
shown in Fig. 16 consists of a close- 
wound coil spring H which is as- 
sembled on the main spring shaft 
J, and has one end fixed at K. The 
inside diameter of the spring is 

PM. 16. Ratchet ot Coll 
Snrln~ T ~ O  slightly less than the diameter of 

the shaft J so that it normally grips 
the shaft. A torque in the direction indicated by the arrow 
tends to open the spring an imperceptible amount, beginning 
a t  the free end, until the friction is overcome. The shaft 
then turns freely. A torque in the opposite direction, how- 
ever, increases the friction between the spring and shaft, 
owing to  the "belt-like tension," and thus locks the shaft. 

A simple method of employing a coil spring to provide a 
ratchet drive is illustrated in Fig. 17 (see upper illustration). 
The drum A is fastened to shaft B, and spring C is wound 
to fit snugly on drum A. One end of the spring is fastened 
to lever D. If lever D is rotated in the direction opposite that 

indicated by the arrow, the spring will slide or  slip on the 
drum. If rotated in the direction indicated by the arrow, the 
spring will tighten on the drum and drive shaft B. 

This type of ratchet tends to produce a frictional drag 
upon the driven member during its idle stroke due to the 
gripping action of the spring. This drag can be made t o  serve 
a useful purpose in some cases, or it can be reduced to a 
, 

I I 
Fig. 17. Cot1 Spring Ratchet Ddvew 

negligible value by increzsing the number of turns and in- 
creasing the inside diameter slightly so that the grip on the 
drum is loosened. 

The spring ratchet shown by the lower illustration depends 
for its drive upon its gripping action on both the driver and 
the driven member and neither end of the spring is fastened. 
The drum B, machined on lever D, drives the drum A on  
shaft C, by the gripping action of spring E. 
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Intermittent and Continuous Friction Ratchet Feed Mech- 
anism - Mechanisms for obtaining both intermittent and con- 
tinuous feeds that will permit of minute adjustments are 
sometimes required. A mechanism of this kind which has 
been successful is shown in Fig. 18. This mechanism was 
first applied to a horizontal drilling machine used to drill a 
hole 1 3/32 inches in diameter and 18 inches long in a chrome- 
nickel steel crankshaft. I t  was found, upon trial, that a feed 
of 0.007 inch per revolution was the ideal feed for this work. 
For some unknown reason, a feed of 0.008 inch made the 
drill chatter, while a feed of only 0.006 inch caused the work 
to become glazed so that the drill would not cut after being 

Fig. 18. AdJa#table Frietlon Rahhet Peedlnc Mechanlrm which nu7 k Imy.6 
either for Intermittent or Continaoar Motion 

in use a short time. The drill used was of the oil-tube twist 
type, with flutes 20 inches long, and was made of high-speed 
steel. 

A feed of the same type as was used for the crankshaft 
drilling operation was successfully applied to a machine for 
cutting fabrics. A feeding mechanism of the type described 
can also be used to advantage in connection with the roll feeds 
of punch presses. The mechanism used for the drilling 
operation is of  the continuous-feed type, but when used with 
the fabric cutting machine or in connection with punch press 
feeding rolls, it is employed to give an intermittent feed. 

Referring to the accompanying illustration, the feed or  
drive shaft A is keyed to a hardened and ground steel collar 
B around which is placed a hardened and ground ring C. In 
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ring C are suitable recesses D in which are placed hardened 
rolls E that are backed up by springs F. The action of this 
unit is as follows: When the outer ring C is rctated counter- 
clockwise, there is practically no resistance to its movement, 
but if it is rotated clockwise, the hardened rolls E are forced 
against collar B as they ride up the inclined surface of recess 
D. The rolls finally become wedged, and thus drive collar B 
which is keyed to  shaft A. 

In  order to obtain an intermittent feed, it is merely neces- 
sary to use one of the friction units which is only capable 

Fig. 19. Intrlul-tooth Ratchet erprir lb  Baitable fat High-qed Driver 

of driving shaft A in one direction. This unit may be con- 
nected to a rotating shaft on the machine by means of an 
adjustable crank, so arranged that its throw can be easily 
adjusted to obtain a fine or  a coarse feed. For a continuous 
feed (of varying velocity due to the crank action) it is neces- 
sary to  employ two units, as indicated in the two views at 
the right-hand side of the illustration. In  this mechanism 
two outer rings C,and C,, and one collar B are required. I f  
both rings are arranged to drive when turning clockwise, 
then link L and ring C, will be driving while the pin of crank 
disk H is moving through the upper half of its circle, or from 
left to right, and link K and ring CI will be driving while the 
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crankpin is moving through the lower half of its circle, or 
from right to  left. If the two rings are arranged to drive 
while rotating counterclockwise, the action just described will 
be reversed, ring Cn being the driver when the crankpin is mov- 
ing from right to left, and C, driving when the pin is moving 
from left to right. 

The crank disk H may be placed on the main drive shaft 
or  any other shaft that may be conveniently located for the 
purpose. The screw at M provides a means of regulating the 
throw of the crank and may be equipped with a dial reading 
to  hundredths or thousandths of an inch to facilitate the 
accurate adjustment of the rate of feed. 

As there is no perceptible interval between the release of 
one ring and the engagement of the other, a practically con- 
tinuous feed is obtained. If desired, it is permissible to make 
the recess for the friction rolls in collar B instead of in the 
rings. This construction has the advantage of giving a slightly 
better contact for the friction rolls owing to the fact that the 
contact surface of the outer ring is formed to a larger radius. 

Internal Ratchet for High-speed Drive. - A ratchet hav- 
ing internal teeth is the best design to employ in a high-speed 
drive, because centrifugal force tends to assist the action of 
the pawl; this is particularly true when the pawl is mounted 
on the driving member. Fig. 19 shows an internal-tooth 
ratchet in which power is transmitted to the driven member 
through the medium of four pawls, each of which is assisted 
in its engagement with the ratchet teeth by a small coil spring. 

Cam-operated Ratchet Pawl. - A ratchet feeding mechan- 
ism employed to revolve a heavy cylinder is shown in Fig. 20. 
This device is designed to  start the rotation of the cylinder 
with a sudden movement, stop it quickly, and hold it station- 
ary for a predetermined period, and then repeat the operation. 
The view at the left-hand side of the illustration shows the 
mechanism in the position it occupies when the cylinder is 
being held stationary. The view at the right-hand side shows 
the mechanism in the position occupied just before the index- 
ing movement begins. 

It will be noted that there are but four principal parts to 
the mechanism, namely, the ratchet wheel A, the pawl B, the 
crank C, and the cam D. Cam D rotates continually in the 
direction indicated by the arrow. When the roller E on crank 
C reaches the highest point on cam D, the ratchet A will have 
been completely indexed and be locked by the tooth f on  the 
crank C from further rotation in the direction of the arrow, 
while the pawl B will prevent it from being rotated in the 
reverse direction. 

Ratchet Mechanism for 90-degree Indexing Movement. - 
A 90-degree indexing mechanism which has no idle return 

Fir. 20. Cm-aperrted Ratchet Feuding Yechrniarn 

throw and which can be operated by a short stroke of the 
indexing member or lever is shown in Fig. 21. The screw 
or stud A is connected to the part of the machine that pro- 
duces the indexing motion. The 1i:lks B and C are connected 
to the arms D and E which carry the pawls F and C. Arms 
D and E are free to revolve on the indexing shaft H t o  which 
the index-wheel J is fastenedt 

To impart an indexing movement of 90 degrees to wheel 
J, pawls F and G are given a movement of 45 degrees in one 
direction and then returned to their normal position. A 
downward movement of stud A of the right distance, as indi- 
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cated by dimension K, will draw levers D and E down so 
that they are rotated through an angle of 45 degrees. This 
downward movement brings pawl F backward, so that its 
point will coincide with the center line X-X, and pawl G will 
move forward until its point also coincides with center line 
X-X. Thus pawl G indexes wheel J through an angle of 45 

N. 21. Yeclunitm for Rodmclnl a WDegrer Indexing Yenslemt 

degrees so that pawl F will catch on the tooth face L of the 
index-wheel. The return movefnent of stud A causes pawl F 
to move forward and to index wheel J the remaining 45 de- 
grees, while the pawl G moves backward to its former posi- 
tion into contact with the face M of the succeeding tooth 
ready for the next indexing movement. 

Index Mechanism for Ratchet Dial Feed. - A limited quan- 
tity of small parts, of a design that could be made most 
economically on a dial feed press, was required. As the com- 
paratively small quantities to be produced did not warrant 
the purchasing of a new machine, the dial feed shown in 

118. 21. Ratchrt-operated Dll l  Fred for R w  

Fig. 22 was designed and applied to  an old press. On the 
last part of the up stroke of the press ram, a crank-operated 
rocker arm (not shown) having an elongated slot for receiv- 
ing stud V, causes the ratchet slide D t o  be advanced. The 
pawl E,  pivoted on the stud F in slide D, engages one of 
the notches in the dial-plate G and indexes this member to 
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the next station. A t  the completion of the cycle, point H on 
lever J drops into the notch on plate G, locking this member 
during the down stroke of the press ram and the first part 
of the upward stroke. The dial-plate G is therefore locked 
while the dies are in operation. 

As the slide D approaches the end of its rearward move- 
ment, it comes in contact with the end of lever J and lifts 
the locking point H from the notch in plate G. While the 
point H is still held away from plate G the point of pawl E 
drops into the indexing notch. When slide D has moved for- 
ward far  enough to  permit point H to come in contact with 
plate G, the indexing notch at K has moved from under point 
H, which then rides on the periphery of the plate until pawl 
E has completed the indexing movement, at which time it 
drops into the next notch. 

The dial-plate G is shown blank, without the work stations 
cut in it, in order to  eliminate unnecessary details. The dial- 
plate is made a good running fit on the stud L, which is driven 
into the die-bed M. The die-bed is provided with a flange 
which supports the dial-plate. A friction washer N, made 
from wood, is held in contact with the upper face of the dial- 
plate by the washer 0 and nut P. The bracket Q in which 
slide D operates is provided with an adjustable gib to com- 
pensate for wear on the dovetail faces of the bracket and slide. 

The flat spring R serves to keep the pawl E in contact with 
the dial-plate. The  locking point H is made from tool steel, 
and is rigidly secured to the arm J. The flat spring S serves 
to hold the locking point in contact with the plate. The stroke 
of slide D may be changed by adjusting the crank which oper- 
ates the rocker arm. 

Escapements for Clock Mechanisms. - An escapement 
may be considered as a form of ratchet mechanism having an 
oscillating double-ended pawl for controlling the motion of 
the ratchet wheel by engaging successive teeth. Escapements 
are designed to allow intermittent motion to occur at regular 
intervals of time. The escapement of a clock is illustrated 

in Fig. 23, As applied to  a pendulum clock the escapement 
serves two purposes, in that it governs the movement of the 
scape wheel for  each swing of the pendulum and also gives 
the pendulum an impulse pach time a tooth of the scape wheel 
is released. A n  escapement should be so arranged that the - 
pendulum will receive an impulse for  a short period a t  the 
lowest part of its swing and then be left free until the next 
impulse occurs. The time required for a pendulum to  swing 
through small arcs is practically independent of the length 

of the arc. F o r  instance, 
if a stationary pendulum 
receives an impulse, the 
time necessary for  its 
outward and r e t u r n  
movement will be ap- 
proximately constant re- 
gardless of the impulse 
and arc of swing, within 
ordinary limits. Thus, 
if the impulse is of con- 
siderable magnitude, the 
pendulum starts with a 
relatively high velocity, 
but the distance that it 

Fig. 13. Euapemsnt for Controlling 
Action of Clockwork 

travels counteracts the 
increase of speed so that 

the time remains practically constant for  any impulse or  arc of 
swing. A pendulum that is swinging freely will adapt the 
length of its swing to the impulse it receives, and any Enter- 
ference which might be caused by the locking o r  unlocking of 
the escapement will affect the regularity of movement less if 
it occurs at the center of the swing rather than a t  the ends. 
As the arc of swing increases, there is a very slight increase 
in the time required for the movement, and, therefore, it is 
desirable that the impulses given to a pendulum should always 
be equal. 

One of the earlier forms of escapements was known as  
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the "anchor" or "recoil" escapement. With this type, the 
pendulum was never free, but was controlled by the escape- 
ment throughout the swing. To avoid this effect, the Graham 
"dead-beat" escapement, illustrated in Fig. 23, was designed 
and has been extensively used. When the escapement is in 
action, the pallets A and B alternately engage the teeth of 
the scape wheel, which revolves intermittently in the direction 
indicated by the arrow. With the mechanism in the position 
illustrated, the point of tooth C is about to slide across the 
inclined "impulse face" or end of the pallet A, thus giving 
the pendulum an impulse as it swings to the left. When tooth 
D strikes the "dead face" of pallet B, the motion of the scape 
wheel will be arrested until the pendulum reverses its move- 
ment and swings far enough to the right to release tooth D; 
as the point of D slides past the inclined end of B, the pendu- 
lum receives another impulse, and this intermittent action 
continues indefinitely or  until the force propelling the scape 
wheel around, which may be from a spring or weight, is no 
longer great enough to operate the mechanism. In  designing 
an escapement of this type, the pallets are so located as to 
embrace about one-third of the circumference of the scape 
wheel. One of the features of the dead-beat escapement is 
the effect which friction has on its operation. During each 
swing of the pendulum, there is a rubbing action between the 
points of the scape wheel teeth and the surfaces of the pallets, 
so that the pendulum is retarded constantly by a slight amount 
of friction. This friction, however, instead of being a defect, 
is a decided advantage, because, if the driving force of the 
clock is increased so that the impulse on the pallets becomes 
greater, the velocity of the pendulum tends to increase, but 
this effect is counteracted by the frictional retardation caused 
by a greater pressure of the teeth of the scape wheel on the 
faces of the pallet. If the driving force be increased, the 
frictional retardation increases relatively in a greater propor- 
tion than the driving effect and, up to a certain point, the 
time of  vibration of the pendulum diminishes. If the force 
or weight propelling the clock mechanism is continually in- 

creased, a neutral point is finally reached, beyond which a 
greater force causes the time of vibration to increase instead 
of to diminish. In  the design of clock mechanisms, it is de- 
sirable to have a driving power of such magnitude that it 
neither accelerates nor retards the motion of the pendulum. 
Many modifications of the escapement previously referred 
to have been devised to meet special requirements. The es- 
capements of watches and of some clocks and portable time- 
keeping devices have a balance wheel instead of a pendulum 
to regulate the period of the intermittent action, but all of 
these escapements operate on the same general principle. 

Fig. 24. Ratchet Yechanlama for Relea*iq Sprocket# 

Ratchet Mechanisms for Releasing Sprockets. - Some in- 
genious ratchet mechanisms have been applied to the sprocket 
wheels of bicycles to permit the pedals to remain stationary 
while coasting down a grade or  hill. A design that has been 
extensively used is illustrated in principle by the detailed sec- 
tional view a t  A in Fig. 24. The sprocket wheel is not attached 
directly to the inner member which is shown in section, but 
motion is transmitted from one part t o  the other through 
frictional contact. The inner ring has a series of recesses 
equally spaced about the circumference. Each of these recesses 
contains a hardened steel roller or ball, and the bottoms of 
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the recesses are inclined slightly. The rollers are lightly pushed 
up these inclined surfaces by blocks behind which are small 
spiral springs. Any relative motion of the inner and outer 
members of the sprocket causes these steel rollers to either 
roll up the inclined surfaces and lock the two parts together 
or  t o  move in the other direction and release the driving and 
driven members, the action depending upon the direction of 
the relative movement. For instance, if the outer sprocket 
is revolved in a clockwise direction, all of the rollers are im- 
mediately wedged in their recesses. If the motion of the 
outer sprocket is suddenly arrested and the inner member 
continues to revolve, the rollers are immediately released. 

An entirely different type of ratchet mechanism designed 
for use on the sprockets of bicycles is shown by diagrams 
B to  F, Inclusive, which illustrate its method of operation. 
The exterior sprocket is recessed on the inner side for the 
reception of a crescent-shaped piece a, which acts as the pawl. 
The depth of the recess and the shape of part a are such that 
the teeth on the inner ring b can pass freely when moving in 
the direction indicated by the arrow at B; with motion in this 
direction, part a simply is given a rocking movement in its 
recess to allow the successive teeth to pass. When the rela- 
tive motion is in the opposite direction, as indicated by dia- 
gram C, the teeth on the inner member swing part a around 
in its seat, as shown by the successive diagrams, until it is 
finally wedged firmly between the two parts as shown at F. 
These so-called "free-wheel" mechanisms were subsequently 
replaced by an arrangement operating on the same general 
principle so far as the releasing mechanism was concerned, 
but so designed that a backward movement of the pedal also 
applied a brake. 

Ratchet-controlled Press Shearing Mechanism. - In manu. 
facturing a certain design of automobile radiator, two fins 
are cut from the stock by knife blades held in a bracket 
mounted a t  the right-hand side of the press. Seven strokes 
of the ram are required for piercing all the holes in a fin and 
so these knives function but once at every seven strokes. This 

intermittent operation is produced by the mechanism illus- 
trated diagrammatically in Fig. 25. On the right-hand side 
of the ram is mounted a 14-tooth ratchet A, which is brought 
into contact with a spring-actuated finger B on the housing 
of the machine at each upward stroke of the ram, so that the 
ratchet is indexed one-fourteenth revolution at each stroke. 

Flg. IS. Yaclunlam that Operatea the Cutting-off Knife Blade# in the Power PTsU 
at Every Seventh Stroke of the Ram 

Diametrically opposite each other on ratchet A are two screws 
C, and at each seventh stroke of the ram, one of these con- 
tacts with the upper end of lever D, swiveling the lower end 
of the lever to the right so that it engages with the frame con- 
taining shear blades E. Then, a t  the next stroke of the ram, 
lever D forces the knife frame down to  shear off the fins. The  
spring-actuated pawl F prevents the ratchet A from turning 
backward when contact is made with lever D, and spring G 



64 INTERMITTENT MOTIONS INTERMITTENT MOTIONS 65 

insures that the latter will disengage from the knife frame 
when either of screws C has passed the upper end of the lever. 

Ratchet Mechanism for Indexing Revolving Chuck. -The 
chuck shown in Fig. 26 is equipped with two special index- 
ing jaws for gripping a three-way brass fitting and indexing 
i t  for machining each of the three open ends without stop- 
ping the turret lathe. The indexing is controlled by a lever 
on the side of the machine, which operates the automatic 
chuck and bar feed mechanism. 

The jaw block A contains the indexing mechanism. The 
indexing jaw B is integral with the stem C. At D there is an 
eight-tooth ratchet (see also the plan view). Pawls E and 
F engage this ratchet, and rotate the jaw. The slides G and 
H carry the pawls, and are tongued and grooved into the jaw 
block A. 

The  forward movement of slide H engages the push-pawl 
E and rotates the ratchet one-eighth of a revolution, and the 
return movement engages the hook-pawl F, which completes 
the onequarter turn required for each of the three positions. 
The springs I hold the pawls in the proper position. 

The plate J is keyed to the stem C. The under side of 
plate J is drilled and reamed taper at  three places to receive 
the lock-bolt K for retaining each indexed position. The lock- 
bolt is operated by a cam made integral with the slide H, as 
shown by the detail view of the slide (upper right-hand cor- 
ner of illustration). Referring to the plan view of the jaw, 
it will be noted that there is considerable clearance between 
pawl E and ratchet D. This is so that the cam on the jaw H 
will pass under the roll of the side lever and rock it far enough 
to  extract tht: lock-bolt from the index-plate before the pawl 
E starts rotating the ratchet. 

Looking a t  the end view of the chuck, two lugs are attached 
t o  the chuck face a t  L. The lower ends of the yokes M are 
pivoted to lugs L. The upper ends of the yokes M are 
pivoted into grooves cut transversely across the slides H and 
G a t  N. A projection of the yoke connects through a link P 
with a plunger Q which slides in the spindle. 
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The  sleeve R slides over the rear end of the spindle and re- 
places the wedge used in the regular automatic chuck mechan- 
ism. Sleeve R also connects with the plunger Q through the 
rod S. A yoke has rolls that engage the groove in the sleeve 
R. This yoke pivots at U in a bracket on the machine, and 
its lower end is attached through a link to a rocker arm, swung 
by a hand-lever which operates an ordinary bar feed mechan- 
ism. Stop V limits the rearward movement of the sliding 
mechanism. 

The indexing jaws are both supported on ball thrust bear- 
ings. The lower jaw is only a carrier. The jaw blocks are 
grooved to slip over the master chuck jaw and are bolted 
entirely through the master jaw, as shown at W in the end 
view. 

These jaw blocks are attached to a two-jaw chuck, but they 
can be designed for fixtures or faceplates. The material used 
throughout in the jaws is steel ; the yoke and sleeve are of cast 
iron. Jaws designed as described should not be considered for 
other than light and medium light work, as the gripping re- 
quired for heavy work causes a thrust so great that the jaws 
cannot be revolved by the hand-lever, and to release the jaws 
slightly for indexing will cause misalignment of the machined 
surfaces. 

In machining the brass parts for which this indexing chuck 
is used, each of the three diameters is bored to  a different 
depth; hence, three boring heads must be used on the turret. 
The threads on each of the three diameters, however, are 
identical and, therefore, could be cut by using only one die- 
head, which is the method formerly employed. This method 
required a lot of extra turret indexing in order to swing the 
die-head back to the work. The present method is to use 
three die-heads, there being one after each boring position. 
This arrangement, in conjunction with the indexing mechan- 
ism, saves much time, as 665 pieces can be machined daily. 

CHAPTER I11 

INTERMITTENT MOTIONS FROM GEARS AND CAMS 

WHEN a shaft which rotates continuously is to transmit 
motion to another shaft only at predetermined intervals, in- 
termittent gearing is sometimes used. Gearing of this type 
is made in many different designs, which may be modified to 
suit the conditions governing their operation, such as the 
necessity for locking the driven member while idle, the inertia 
of the driven part, or the speed of rotation. With some forms 
of intermittent gearing, the driven gear rotates through a 
fractional part of a revolutisn once for each revolution of 
the driver, whereas, with other designs, the driving gear trans- 
mits motion to the driven gear two or more times while mak- 
ing a single revolution. The number of times that the driven 
gear stops before it is turned completely around is varied in 
each case according to the requirements; the  periods of rest 
may also be uniform o r  vary considerably. 

Gears for Uniform Intermittent Motion. - The  design of 
intermittent gearing illustrated by diagram A, Fig. 1, is so 
arranged that the driving gear, which has only one tooth, 
revolves fourteen times for each revolution of the driven 
gear. Each time the tooth of the driver engages one o f  the 
tooth spaces in the driven gear, the latter i s  turned through 
an arc c. The driven gear is locked against rotation when the 
driving tooth is not in mesh, because the circular part of the 
driver fits closely into the concave surfaces between the tooth 
spaces as they are successively turned to this position. The  
radius of the driver should be small enough to insure adequate 
locking surfaces between the tooth spaces, but not so small 
that sharp weak points will be formed a t  the edges of the 
tooth spaces. Counting mechanisms are often equipped with 
gearing of this general type. I n  order to  vary the relative 
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movements of the driving and driven gears, the meshing 
teeth may be arranged in various ways. For instance, if a 
second tooth were added to the driver on the opposite side as 
indicated by the dottted lines, the driven gear would receive 
motion for each half revolution of the driver. The diagram 
at B illustrates another modification. In this case, the driven 
gear has a smaller number of rest periods, and it is turned 
farther for each revolution of the driver, as the latter has 
three successive teeth. 

Pig. 1. Oerra for Uniiormly Intarmittant Yotion 

Variable Intermittent Motion from Gearing. -With some 
forms of intermittent gearing, the driven gear does not move 
the same amount each time it is engaged by the driver, the 
motion being variable instead of uniform or equal. The 
diagram A, Fig. 2, shows an example of the variable motion 
intermittent type. The driving gear has four driving points 
around its circumference with numbers of teeth a t  each place 
varying from one to four. The tooth spaces on the driven 
gear are laid out to correspond so that the motion received 

by the driven gear is either increased or decreased progres- 
sively depending upon the direction of rotation of the driver. 
Gearing of this general type may be arranged in many dif- 
ferent ways and is designed to suit the particular mechanism 
of which it forms a part. After laying out gears of this 
kind, it is often advisable to make brass templets in order to  
ascertain by actual experiment i f  the gears are properly 
formed and give the required motion. 

Intermittent Gearing for High Speeds. -The design of 
gearing illustrated by diagrsm B, Fig. 2, is considered pref- 

Ha. 2. (A) O.aring for Variable Intarmittant Motion; 
(B) High-npeed Intermittent Gearing 

erable to the forms previously described, where the driving 
member revolves a t  a comparatively high speed. With this 
gearing, the driven member is stationary during one-half 
revolution of the driver. The latter has a stud a or roller 
which engages radial slots in the driven gear while passing 
through the inner half of its circle of travel. The flat spring 
illustrated at c is used to hold the driven wheel in position so 
that the driving roller will enter the next successive slot with- 
out interference. The projections or teeth on the driven gear 
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may have semi-circular ends as shown, or all of the ends may 
be concentric as indicated by the dotted line at b.  If the 
semi-circular ends are not provided, there should be some 
form of positive locking device to insure alignment between 
the radial slots and the driving pin or roller. The comers 
should also be rounded to facilitate engagement of the roller. 

Another form of intermittent gearing designed to elimi- 
nate shocks when operating at relatively high speeds is illus- 
trated in Fig. 3. The speed ratio between the driving and 

Fig. 3. Another Form of Gearing Dedmed to B l M ~ t a  
Shocks rt alp Speed8 

driven members is 4 to 1, each revolution of the driver turn- 
ing the driven wheel one-quarter revolution, or  90 degrees. 
The  driver A has a cam groove C which is so shaped that 
the motion of the driven wheel B is gradually accelerated and 
retarded a t  the beginning and end of its movement. This 
groove is engaged by rollers D on the driven wheel. The 
rollers enter and leave the cam groove through the open spaces 
a t  E, and when the driven wheel is stationary, two of the 
rollers are in engagement with this groove, thus effectually 
locking the driven member. The illustration at the left shows 
the driven wheel a t  the center of its movement, and the view 

to the right shows the relative positions of the two parts after 
the movement is completed. As the roller a t  D is revolved 
45 degrees from the position shown, the following roller 
enters the cam groove through the left-hand space E. 

Rapid Intermittent Motion for Moving Picture Projector. 
- A  very rapid intermittent motion is required on moving 
picture projectors. The film is not moved continuously, but 
each view o r  positive on it is drawn down to  the projecting 
position while the shutter is closed, and the film remains sta- 
tionary for a fractional part of a second while the picture is 
exposed on the screen ; then, while the shutter is again closed, 
the next successive view is moved to the projecting position. 
It is apparent, therefore, that moving pictures are, in reality, 
a series of stationary pictures thrown upon the screen in such 
rapid succession that they are, in effect, blended together and 
any action or movement appears continuous. I t  is important 
to give the film a very rapid intermittent motion, because it 
is necessary to have the shutter closed when this movement 
occurs; and the length of time that the shutter is closed 
should be reduced to a minimum. This shutter is in the form 
of a wheel or disk, and it has a fan-shaped section which 
passes the projector lens while the film is being shifted. In 
order to avoid flicker on the screen, the shutter has two addi- 
tional fan-shaped sections. With these three equally spaced 
sections, the light is not only shut off from the screen during 
each successive film movement, but twice between each move- 
ment at uniform intervals. By closing the shutter twice while 
the picture is on the screen, the flicker that would be visible 
and annoying if the shutter were only closed while moving 
the film is multiplied to such an extent that i t  becomes almost 
continuous and is practically eliminated as f a r  as the observer 
is concerned, assuming that the projector is operated a t  the 
proper speed. The width and area of that section of the 
shutter which is passing the lens when the film is being moved 
is governed by the time required for the film movement. 
Theoretically, the area of each section or segment of the shut- 
ter should be equal. although, in practice, the two extra sec- 
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tions are made of somewhat smaller area than the main one, 
in order to increase the open space and the percentage of area 
left for the passage of light. 

There is an important relation between this shutter wheel 
and the intermittent motion or gearing of the projector. This 
is due to the fact that the shutter must be closed while the 
film is being shifted. With the mechanism to be described, the 
film movement is very rapid so that the shutter blades may 
be proportionately reduced in area, thus leaving more open 
space for the light. The intermittent motion referred to is 

PI&. 4. Rapid-actlng Intermittent Curing of Yoriu Picture Rojutrr 

shown in Fig. 4. This mechanism is composed of a disk or 
wheel A, having an annular flange or  ring B, which has two 
diagonal slots across it as shown; this wheel, which is the 
driver, imparts an intermittent motion to the follower H, 
which carries four equally spaced pins or rollers that engage 
the ring B on wheel A. Each time this wheel makes one 
revolution, the foIlower H is turned onequarter revolution 
and in the same direction, as indicated by the arrows. The 
follower is stationary except when it is engaged by the slots 
o r  cam surfaces formed on one side of ring B. During thi3 
stationary period, the ring B simply passes between the four 

pins on the follower, two of these pins being on the outside 
and two on the inside of the ring. 

The quarter-turn movement is obtained in the following 
manner: When the projection or  cam surface G on the re- 
volving wheel A strikes one of the pins, the rotation of the 
follower begins, and the pins are so spaced that one on the 
outside moves through a diagonal slot in ring B while a pin 
on the inside moves outward through the other slot. For 
instance, if the pins C and D are on the outside and E and F 
on the inside, pin D will first be engaged by cam surface C 
and, as the follower revolves, pin C will pass in through one 
diagonal slot while pin E is moving to the outside of the ring 
through the other slot. At the completion of the quarter-turn 
movement, pins C and F will be on the inside and D and E on 
the outside. As wheel A continues to revolve, ring B simply 
passes between these closely fitting pins which lock the fol- 
lower against movement until projection G again comes around 
and strikes the next successive pin on the follower. 

The follower operates a toothed wheel or sprocket which 
connects with the film and moves it downward each time the 
shutter is closed. Above and below the intermittent gearing 
there are other sprockets which rotate continuously, and these 
are so timed that a loop of film is formed above the inter- 
mittent gearing that is just large enough t o  provide for one 
film movement, which is equivalent to the length of one view 
or positive. As the film is drawn down rapidly by the inter- 
mittent mechanism, a loop is formed below it which is taken 
up by the lower sprocket as the film is wound upon the lower 
receiving reel. The normal speed of wheel A is sixteen revo- 
lutions per second, and it has been operated at two or  three 
times the normal speed. The time required for turning the 
follower one-quarter revolution is approximately one-sixth of 
the time for a complete revolution, or 1/96 second, when run- 
ning a t  normal speed. With the Geneva motion, which has 
been applied to many projectors, approximately onequarter 
of the time is required for the intermittent action; therefore, 
the shutter blades must be of larger area than when the film 
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movement occurs in one-sixth of the time. The mechanism 
shown in Fig. 4 is claimed to be superior to the Geneva mo- 
tion in that there is less tendency to subject the film to in- 
jurious stresses. The locking of the follower during the sta- 
tionary period is also more secure, especially at  the critical 
time when near the operating point. The three holes drilled 
in the ring B are to  compensate for the slots on the opposite 
side and to balance the wheel A. 

.I 
918. 5. Geneva Wheslr whlcb Varp in Re~ard  to Method of Locking 

Driven Member durlng Idle Perlod 

Geneva Wheel for Intermittent Motion. - The general type 
of intermittent gearing illustrated in Fig. 5 is commonly 
known as the "Geneva wheel," because of the similarity to 
the well-known Geneva stop used to prevent the over-wind- 
ing of springs in watches, music boxes, etc. Geneva wheels 
are frequently used on machine tools for indexing or rotating 
some part of the machine through a fractional part of a revo- 
lution. The driven wheel shown at  A in the illustration has 
four radial slots located 90 degrees apart, and the driver 
carries a roller k which engages one of these slots each time 

t makes a revolution, thus turning the driven wheel one- 
pa r t e r  revolution. The concentric surface b engages the 
:oncave surface c between each pair of slots before the driv- 
ing roller is disengaged from the driven wheel, which pre- 
vents the latter from rotating while the roller is moving around 
to engage the next successive slot. The circular boss b on 
the driver is cut away at d to provide a clearance space for the 
projecting arms of the driven wheel. 

The Geneva wheel illustrated by diagram B differs from 
the one just described principally in regard to  the method of 
locking the driven wheel during the idle period. The driven 
wheel has four rollers g located 90 degrees apart and mid- 
way between the radial grooves which are engaged by the 
roller of the driver. There is a large circular groove e on 
the driver having a radius equal to the center-to-center dis- 
tance between two of the rollers g, as measured on the center 
line xx. This circular groove engages one of the rollers a s  
soon as the driving roller h has passed out of one of the grooves 
or radial slots. Each time the driver makes one revolution, 
the two rollers on the center line xx are engaged by the lock- 
ing groove. The illustration shows the driving roller about 
to enter a slot and the locking roller at  the point of disen- 
gagement. When the driven wheel has been moved 90 degrees 
from the position shown, the roller which is now at  the lowest 
position will have moved around to the left-hand side so that 
it enters the locking groove as the driving roller leaves the 
radial slot. 

When designing gearing of this general type, it is advis- 
able to so proportion the driving and driven members that 
the angle a: will be approximately 90 degrees. The radial 
slots in the driven part will then be tangent to  the circular 
path of the driving roller at the time the roller enters and 
leaves the slot. When the gearing is designed in this way, 
the driven wheel is started gradually from a state of rest and 
the motion is also gradually checked. 

Geneva Wheel Designed for Slight Over-Travel. -An in- 
genious special Geneva wheel was developed to operate the 
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conveyor of an  automatic weighing machine. This conveyor, 
by means of brackets attached to it, pushes the packages to be 

Ftg. 6. 3peci.l Olnem Motion which Oiror Slight Otor-tmrrl m d  Bqul Rotm?a 
Xoroment to Rorido Clunncb 

weighed on the scale platforms of the machine and then stops 
and remains stationary while the weighing takes place. 

Originally, this conveyor was operated by an ordinary 
Geneva wheel, but the packages sometimes rubbed against 

the conveyor brackets, which seriously affected the accuracy 
of the weighing. T o  prevent this, it was necessary to have 
the conveyor moved back about 1/8 inch after delivering the 
packages to the scale platforms, thus providing clearance be- 
tween the conveyor brackets and the packages. This clear- 
ance has been obtained by a slight change in the Geneva wheel, 
the result being that the conveyor is first given a small amount 
of over-travel and is then withdrawn a distance equal to this 
over-travel, thus providing the clearance desired. 

The over-travel has been obtained by enlarging the diam- 
eter of the path traversed by the driving roller A (see Fig. 
6). Circle C represents the normal path described by the 
center of roller A, or the radial position of the roller when 
the movement of driven wheel B is 90 degrees during each 
roller engagement. By increasing the diameter of this path, 
as represented by circle C1, driven wheel B and the conveyor 
are given the required amount of over-travel. The center lines 
of the slots in wheel B are approximately tangent to circle Ci, 
so that engagement takes place without shock and the mecha- 
nism operates smoothly. Angle D is equivalent to one-half of 
the angular over-travel imparted to  wheel B . 

When roller A reaches the position shown by the lower 
view, it has moved wheel B 90 degrees plus twice the angle 
D. Now as the roller leaves its slot, cam surface E, which 
extends through angle F, comes into contact with corner G 
of the slotted wheel and pushes the wheel back an amount 
equal to twice the angle D, thus withdrawing the conveyor 
brackets from the packages during the time required for 
weighing. The driven wheel is locked during this dwell by 
the engagement of concentric surface H with arc I on the 
driven wheeI, the wheel being released as soon as roller A 
again moves around into engagement with a slot, or in the 
position indicated by the upper view. 

This simple method of preventing frictional resistance be- 
tween the conveyor brackets and packages during the weigh- 
ing operation did not introduce any difficulties in manufac- 
turing the intermittent motion described. 
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Intermittent Motion for Dial Feed. -An intermitttent mo- 
tion which is incorporated in an automatic station-dial machine 
for buffing brass shells is so designed that shaft A (see Fig. 7 )  
revolves intermittently and has eight dwelling periods per 
revolution, each dwell being equivalent to 3/5 revolution of 
driving shaft B. The disk C is fastened to shaft A ,  and in 
it there are eight equally spaced hardened steel pins D and an 
equal number of larger pins E. As the sectional view shows, 
pins D are located on a higher level than pins E. As shaft 

FIE. 7. Intermittent Yotion for Dial Peed Pecludrm 

B revolves in the direction indicated by the arrow, a finger F 
first engages pin D and turns disk C until the larger pin E 
is engaged by notch G; when F leaves pin D, the positive drive 
between E and G continues until one-eighth revolution of disk 
C is completed. Then the concentric surface H is in contact 
with and tangent to two of the pins E, thus locking the driven 
disk in the dwelling position until the driver is again in posi- 
tion for an indexing movement. 

One-twelfth Turn of Driven Shaft to One and One-quarter 
Turns of Driver. - The solution of an interesting problem 

in design is indicated in Fig. 8. The requirements were that 
for every one and one-quarter revolution of a continuously 
rotating shaft A, a second shaft L in alignment with the driv- 
ing shaft must rotate intermittently, with equal velocity and 
in the same direction as shaft A,  one-twelfth revolution or 
through an angle of 30 degrees. An eccentric bushing C is 
keyed to the driving shaft A .  A 96-tooth gear D is loosely 
mounted on eccentric bushing C, but is prevented from rotat- 
ing by lever E; the pitch-line of gear D, however, is always 
tangent to the pitch-line of the 120-tooth gear F and to that 
of  the planetary pinion G. This pinion is carried by a double 

Pig. 8. Yechanirm for Rotating Driven Shaft Intermittently and 
at Same Vsloclty as  Driver 

arm B which is also keyed to the driving shaft A. As arm B 
traverses the pinion around gear D, gear F is revolved on 
shaft A in the ratio of 120 to 96 or 1.25 to 1. The end of 
arm B opposite the pinion carries a link and roller I which 
runs on a flange of gear F until a depression in the periphery 
allows the roller to drop and permits pawl H t o  engage ratchet 
wheel J which is keyed to shaft L; each time the pawl engages 
the ratchet wheel, the latter is turned forward until roll I 
runs up on top of the flange again. As gear F advances one- 
fifth revolution for each revolution of the a rm and pawl, and 
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since 30 degrees equals one-twelfth revolution, the opening 
or  depression for the roll must be shortened 1/5 X 1/12 of 
30 degrees, o r  to 29% degrees. 

Two-speed Intermittent Rotary Motion. -The fast and 
slow motion of the pattern cylinder of a certain type of loom 
is derived from the reversible intermittent gearing shown 
in Fig. 9. The large gear A is mounted on the pattern cylinder 
shaft, and receives its motion either through the segment 
gear and crank combination B or through a similar combina- 

Pig. 9. Two-meed Rartrdng Intermittent Gearing 

tion C, these two combinations being used to reverse the di- 
rection of rotation. Gear D is the driver for this train of 
mechanism. Whether the motion is transmitted from gear D 
to the pattern gear A through the crank and segment gear 
combination B or through combination C depends upon the 
position of a sliding key F. An intermittent fast and slow 
motion is obtained with either combination. When key F 
locks the crank and gear B to the shaft, the pattern wheel is 
rotated at a relatively slow speed when the segment pinion 
is acting as the driver, and at a faster speed when the crank- 

pin E comes around into engagement with one of the radial 
slots in the pattern gear. When this direct drive is employed, 
the gears G and H revolve idly with the upper crank and gear 
combination C. When a reversal of motion is required, slid- 
ing key F is pushed in to engage gear H, which then drives 
gear G and the combination at C. 

Adjustable Intermittent Motion.-The intermittent feed 
mechanism shown in Fig. 10 is so arranged that the inter- 
mittent action may be varied according to requirements by 
means of a simple form of "skipping" device. A pitman con- 

Fig. 10. Feed Meeh.nirm with Skipping Dsrlee tor Vuylnt the 
Intermittent Motlon 

necting with crank B transmits an oscillating movement to 
lever A. This lever carries a stud on its free or  upper end 
upon which is pivoted a fiber pawl C. This pawl engages 
the smooth periphery of disk D and turns the latter a frac- 
tional part of a revolution when lever A is moving t o  the 
left, unless the engagement of the pawl is prevented by the 
mechanism to  be described. The pawl is formed of two 
pieces attached to  opposite sides of a diamond-shaped block 
F. This block is within the slot and, being slightly thinner 
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than the bar, causes the projecting sides C to frictionally 
engage the lower side of the bar. Any motion of lever A 
towards the right causes the pawl to turn to the position 
shown so that it clears the disk D for the return stroke. The 
reverse motion of lever A changes the position of block F 
so that the ends C grip the disk D, which is given the required 
feeding movement. The skipping of the feed is accomplished 
by a train of change-gears and a cam G. This cam serves to 
lift the pin H clear of its seat, so that the bar carrying pawl 
C is free to slide horizontally as lever A moves to the left; 

Pi&. 11. Triple Worm-&ear lor Trrnrmlffln& Them 
InteraPlttent YIoiementr 

the result is that the pawl is not turned by frictional resist- 
ance to the gripping position, and it simply makes an idle 
stroke. The cam G is pushed in when it strikes dog K and 
is suddenly thrown outward by a spring after passing the 
dog; this sudden release disengages pin H from its seat, into 
which it drops again upon the return of bar E. The number 
of feeding strokes before an idle stroke are governed by the 
ratio of the change-gears. 

Triple Intermittent Worm-Gear.- The mechanism here 
described was part of a barbed wire fence-making machine. 
While the accompanying drawing of the device (Fig. 11) is 

not made to any scale, the description will explain the prin- 
ciple of the design. This device transmits three distinct 
movements, all of which can have a dwell of different length, 
and this dwell can be varied in time to a t  least 180 degrees 
of the cycle. 

The worm-gear is made up on three sections, A, B, and C. 
Section A is keyed to shaft F; section B revolves on shaft F 
and carries a disk crank D; section C also revolves on F and 
has an eccentric E. Shaft F has a crank G, and D, E, and G 
are the work levers. Worm section A has two concentric 
slots J and H on each side. In  each of these slots there is 
fastened a stop (not shown). I n  sections B and C there are 
two concentric slots M and N cut long enough to meet the 
required adjustment of timing. Dog bolts L and I are held 
in the desired position by nuts 0 and P. 

A section of the teeth long enough t o  make complete dis- 
engagement from the worm is cut from A, B, and C. We will 
assume that section C where the teeth are  out is set central 
relative t o  the center of the worm; then section C would stay 
in this position until section A rotated enough to bring the 
stop in slot J into engagement with dog L. This action, of 
course, must be timed so that when engagement occurs, the 
worm teeth will register. By the varied settings of these two 
dog bolts, the timing of any section can be changed to meet 
the requirements of whatever machine is being designed. 

Intermittent Rotary Motion Varied by Changing Cams. - 
Some novel features are embodied in the design of the inter- 
mittent motion mechanism shown in Fig. 12. Referring to 
the upper view, the shaft B .revolves continuously, receiving 
its motion from one of the constantly rotating shafts of the 
machine on which it is employed. Another shaft C, imparts 
the intermittent movements obtained by the mechanism. With 
the cam pieces N and 0, the shaft C makes y revolution, and 
then dwells while shaft B makes 75 revolutions. Seven addi- 
tional sets of cam pieces are provided, which can be used in 
place of those shown at N and 0 for obtaining different in- 
termittent movements. 
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The driving shaft B runs in the bearings L and W. A 
spur gear V, pinned to the shaft B, meshes with the gear cut 

SECTION ON X.X 

Fig. 12. Vuiable Intermittent Yotion Obtained by Chaadng C-8. 

integral with the sleeve H. The gear on sleeve H also meshes 
with a gear on the hub U. Hub U is fastened to shaft X by 
a pin, and has, on the opposite end from the large gear, a 

turned disk on which the removable cam pieces N and 0 are 
mounted. These pieces are fastened to the disk by screws I. 
The collar K is pinned to shaft X, and the end thrust result- 
ing from the cam action is taken by the ball thrust bearing J. 

Sleeve H, which slides and also turns on shaft C,  has a 
shoulder or collar which is beveled on both sides and which 
acts against the cam pieces N and 0. Sleeve H has a single 
jaw machined on one end which engages one of the two jaws 
on member G. The member GI which is fastened t o  shaft C, 
is equipped with a leather-lined band brake D. The friction 
drag of the brake is controlled by adjusting nut E, which 
closes or spreads the band as required. The spring T acts 
against sleeve HI and forces the beveled shoulder against 
the cam, the resulting thrust being taken up by the ball 
thrust bearing Q. 

As there are eight different intermittent motions to be 
transmitted, the eight sets of cams must all be of different 
lengths. When a shorter cam than the one shown at 0 is 
used, the two cam pieces N are slid back, so that they make 
contact with each end of the shorter cam, and are then fast- 
ened securely in place by the screws I. Additional tapped 
holes are provided in member U for fastening the new cam 
pieces in place. I t  will be noted that the pitch circles of the 
gears on hubs H and U and of the cam and the beveled 
shoulder are the same, so that nearly all sliding action be- 
tween the cam surfaces is eliminated. 

The operation of the mechanism may be explained as fol- 
lows: Sleeve H is driven by shaft B, and makes the same 
number of revolutions per minute. Shaft X revolves one- 
fourth times as fast  as shaft B and sleeve H. With the par- 
ticular cam 0 shown in the illustration, shaft  C will dwell 
or remain stationary while shaft B makes 3% revolutions, 
after which shaft C will make l/e revolution, thus complet- 
ing one cycle. Cam N simply slides sleeve H back, thus dis- 
engaging the clutch until the cam again moves around to the 
clutch-engaging position. The friction brake serves to stop 
the shaft C as soon as the clutch teeth a re  disengaged, and 
also takes up any lost motion that may occur. 
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Mechanism for Controlling Length of Rotating and of Idle 
Periods. - An intermittent motion was required to  drive a 
shaft a t  the rate of one revolution per second and have pro- 
vision for adjusting the length of the periods at which the 
shaft remained stationary. The first work for which the 
mechanism was employed required the shaft to make one 
revolution in one second and remain stationary for fifty-nine 
seconds. The second class of work required the shaft to make 
three revolutions in three seconds and then remain stationary 
for fifty-seven seconds, while a third operation required the 
shaft to make five revolutions in five seconds and remain 
stationary for fifty-five seconds. 

The mechanism is shown in Fig. 13 as arranged t o  meet 
the first requirement. Upon the machine base A is mounted 
the bearing stand R which is bored out to a running fit for 
the small end of the worm U. Shaft N, in turn, is made a 
running fit inside the worm U and transmits the intermittent 
motion to the machine proper, which is not shown in the 
illustration. The clutch member K slides on shaft N and is 
prevented from turning by a key L. On the face of the large 
end of worm U is a clutch tooth which engages the tooth on 
member K. The worm meshes with the worm-gear E, im- 
parting a continual and uniform motion to the cam-plate F. 
The  cam-plate pushes the lever C outward and thus disengages 
the clutch a t  the required intervals. The spring P provides 
for the return of lever C and the engagement of clutch K at 
the end of the period in which the shaft N is required to re- 
main stationary. The brake-drum Y is keyed to shaft N, and 
is equipped with a steel brake-band M having a leather-lined 
contact surface. The pressure of the brake-band on the drum 
is maintained by a spring V. 

When the mechanism is in operation, the grooved pulley S 
is driven by a belt from the lineshaft at a speed of 60 revo- 
lutions per minute. This pulley rotates the worm U, causing 
the worm-gear E and the cam-plate F to make one revolutiorl 
per minute. As the worm has a single thread, a point on the 
circumference of the cam-plate will revolve a distance 2, equal 
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t o  the lead of the thread, or  about inch, per revolution of 
the worm and of shaft N. 

After  the cam-plate has been properly adjusted, it will not 
require changing except to compensate for wear. At the 
instant the cam-plate has reached the end of the travel 2, the 
movement of lever C disengages the clutch K, so that the rota- 
tion of shaft N is stopped exactly at the end of one revolution. 
The  friction brake consisting of drum Y and band M prevents 
the momentum of the clutch and shaft from causing a further 
movement of the shaft. 

I n  order to obtain the necessary dwells required for the 
second and third operations, the distance Z must be increased. 
This necessitates the use of interchangeable cam-plates F. 
F o r  the second job, the dimension Z is three times as great 
as for the first job, and for the third job five times as great. 
Any other desired length of dwell may be obtained by pro- 
viding a suitable cam-plate. 

Intermittent Motion which Automatically Increases and 
Decreases. -The mechanism described in the following is 
designed to  turn a driven shaft through a small arc for 
every other revolution of the driving shaft and according to 
the following requirements: The feeding movement of the 
driven shaft is to increase by small amounts until a maximum 
feed is obtained; the feed then decreases to a minimum, again 
increases to  a maximum, and at  this point instantly begins 
a t  the minimum again. If a line is drawn representing these 
movements graphically, it will readily be seen that there are 
two periods of increasing feed and one period of decreasing 
feed for every cycle of movements. I t  was necessary to derive 
the feeding motion from a shaft running at twice the desired 
speed. 

The principle upon which this mechanism operates is shown 
partly in diagrammatical form, in Fig. 14. The arm C carries 
a sliding block D which is connected to levei L by a pitman K. 
Block D is fed to or from the center of B by screw E, working 
in a divided nut. On the upper end of C are two intermittent 
motion star-wheels F and G, of six teeth each, with their 

planes a t  right angles. Wheel F is pivoted on the side of C, 
and G is fastened onto E. Wheel I; has three projecting pins 
F,, Fz ,  and F,, placed on alternate teeth and denoted in the 
illustration by black dots. Suppose star-wheel F is rotated 
one tooth (denoted by the straight lines). I f  that tooth is 
one of the three with the projecting pins on the side, wheel G 
and screw E will be rotated one-sixth revolution. Conversely, 
if the tooth on F has no projecting pin, G will not rotate. This 

Pi(. 14. Dfrgrrrn of Yec lunim for Automrticrlly Incrrrminl: and Decrer- 
Intermittent ldotion of Drlvsn Shaft 

method gives the alternating feed through K and L, as the 
arm C revolves about the center of 3. 

The center of F revolves about B in a path as shown by 
the broken line, which passes midway between the two circles 
a t  H. These circles represent the controlling star with six 
teeth o r  points (denoted by straight lines). A pin (not 
shown) upon the block D is caused to engage two teeth of H, 
on two successive revolutions before it is retracted. This is 
done only when the slide is a t  the upper end of its travel. 
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Star-wheel H merely operates star F. Three projecting points 
(denoted by black dots) engage point after point of F as it 
comes around. Suppose it is projections H I  or HI,  that en- 
gage with F. Then, by reason of their being on the outer 
side of the center of F, star-wheel F must revolve in an oppo- 
site direction to that in which it would revolve if H z  were 
the projection engaging F, because H2 is on the inner side 
of the center path of F. 

I t  is now apparent that block D moves up (or  down) 
through the action of H upon F and F upon G; and the motion 
takes place only for every other revolution of B. When block 
D reaches the outer limit, the pin upon the block is released as 
mentioned, which, in turn, revolves H two teeth before it is 
retracted, thereby engaging the opposite side of F,  reversing 
the direction of rotation of F and G, and returning D toward 
the center. Pin H, is now brought into action and D goes 
outward again to the extreme position. The controlling star 
is rotated as before, returning H I  to position and bringing H I  
into action to open the split nut a t  screw E, which allows a 
spiral spring in J to return the block D and pitman K instantly 
to the center, thus completing one cycle. Through link K, 
lever L, and pawl M, ratchet A is rotated. A star N is carried 
by L, which is operated by the hinge tappet 0 and which is 
provided with three projecting pins to lift the eccentric pawl 
from the ratchet every alternate stroke of L. 

Constant Intermittent Rotary Motion from Variable Rotary 
Motion. - The feeding movement of a planer tool, which 
occurs at the end of each return stroke, is derived from a 
shaft which revolves in first one direction and then the other, 
the number of revolutions depending upon the length of the 
stroke which is adjusted to suit the work. The simple mecha- 
nism to be described makes it possible to obtain the same 
rotary movement for operating the feed-screw of the tool- 
slide, regardless of the number of revolutions made by the 
shaft which drives the feeding mechanism. A crank at the 
end of the driving shaft turns part of a revolution and then 
remains stationary while the shaft continues to revolve. 

One method of securing this fractional part of a turn and 
then stopping the motion of the feed disk is illustrated at A 
in Fig. 15. The link f connects the crankpin of the feed disk 
with a rack which, through suitable gearing, transmits motion 
to the feed-screw. The main pinion shaft of the gear train 
for driving the planer table has attached to its end the cup- 
shaped casting a, which forms one part of a friction clutch. 
The crank disk b has a hub c, which fits into the tapering seat 
in part a and forms the other member of the clutch. If this 

1 
Fig. 15. Mechanismr for Deriving an Unvarying Rotary Movement from a 

Driving Shaft regardleu of the Number of Revolutionr Mads by the Shaft 

friction clutch is engaged when the planer is started, the crank 
disk b revolves until one of the tapered projections or cam 
surfaces d strikes a stationary taper lug, thus forcing part c 
out of engagement with a against the tension of spring e. 
The crank disk then remains stationary until part a and the 
driving shaft reverse their direction of rotation a t  the end of 
the stroke. This reversal of motion disengages the tapering 
surface d or dl, as the case may be, and allows the friction 
clutch to reengage; the crank disk is then turned in the oppo- 
site direction, until the other tapering projection strikes a 
second lug which again stops the motion of the feed disk. 
This intermittent action in first one direction and then the  
other is continued as long as the planer is in  operation, and 
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the feed disk oscillates through the same arc regardless of 
the length of stroke or the number of revolutions made by the 
driving shaft; consequently the feeding movement of the tool 
will not be varied by a change in the length of the stroke. 

Another planer feed mechanism which operates on the 
same general principle as the one just described is illustrated 
at B, Fig, 15. In  this case, the hub g is keyed to the shaft and 
the flange formed on this hub is between plates h and j. This 
flange does not come directly into contact with the plates, as 
there are leather washers on each side as indicated by the 

I 1 

L 1 
Fig. 16. Intrrmlttent Hotlon Derlrd from a S d r u i n g  &u Sector 

heavy black lines. The plates h and j are held in contact with 
these washers by three bolts 1 having springs under the heads. 
The hub g is surrounded by a band which is split on the lower 
side and has lugs n into which is fitted a pawl of such shape 
that, when it strikes a fixed stop, the band is opened and re- 
leased from the hub. This releasing of the band occurs after 
the crank disk has turned far  enough to give the necessary 
feeding movement. The crank is held in position while the 
driving shaft continues to revolve, by the friction between 
plates h and j and the leather washers previously referred to. 
When reversal occurs at the end of the stroke, the hub g re- 

volves in the opposite direction and the band again grips it 
until the pawl of lug n strikes the opposite stop. 

Intermittent Gear with Swinging Sector. - The gearing 
illustrated in Fig. 16 has one period of rest for each revolu- 
tion of the driver which has a sector B that is free to swing 
in the space provided for it, but is normally held in the posi- 
tion shown by a spiral spring D. The driver revolves at a 
uniform speed in the direction shown by the arrow and, when 
the sector B comes into engagement with the driven gear, the 
latter stops revolving while the sector is swinging across the 
open space or until side B strikes side F, when the driven gear 
is again set in motion. As soon as the sector is released by 

mg. 17. Intarmlttsnt Oearing for Shafts at Rltht Anglm 

the driven gear, the spring draws it back to the position shown 
in the illustration, preparatory to again arresting the move- 
ment E. The resistance to motion offered by gear E should 
be great enough to overcome the tension of spring D, as other- 
wise the sector would not swing away from the position shown. 
In order to avoid shocks, this gearing would have to be re- 
volved quite slowly; while the design is not to be recom- 
mended, the principle may be of some practical value. 

Intermittent Gearing for Shafts at Right Angles. -When 
driving and driven shafts are a t  right angles to each other, 
intermittent gears which are similar to bevel gears in form, 
but constructed on the same general principle as the spur gear- 
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ing illustrated in Fig. 1, may be employed. The smooth or 
blank space on the driving gear for arresting the motion of 
the driven member corresponds to the pitch cone and engages 
concave locking surfaces formed on the driven gear. Owing 
to the conical shape, such gearing is more difficult to con- 
struct than the spur-gear type. 

A form of intermittent gearing for shafts at right angles 
to each other but not lying in the same plane is illustrated in 
Fig. 17. The driving member is in the form of a cylindrical 
cam and has a groove which engages, successively, the rollers 
on the driven wheel. Diagram A shows the cam in the driv- 
ing or  operating position, and at B the driven wheel is shown 

Fig. 18. A ldodidutlon of the Type of Oearln~ Shorn in Pig. 17 

locked against rotation during the period of rest. The locking 
action is obtained by parallel faces on the cam which fit closely 
between the rollers and are located in planes at right angles 
to the axis of rotation. This mechanism was designed for a 
high-speed automatic machine requiring an accurate indexing 
movement and a positive locking of the driven member during 
the stationary period. The gearing operated successfully at 
a speed of 350 revolutions per minute, and it was because of 
the speed that this design was used in preference to the Geneva- 
wheel type of gearing previously described. The curvature 
of the operating groove on the driving cam is such that the 
driven wheel is started slowly and, after the speed is acceler- 

ated, there is a gradual reduction of velocity. The driven 
wheel has no lost motion for any position and the mechanism 
operates without appreciable shock o r  vibration, and is prac- 
tically noiseless. 

Another form of intermittent drive for shafts located at 
right angles but not lying in the same plane is illustrated in 
Fig. 18. This mechanism operates on the same general prin- 
ciple as the one just described, but differs in regard to the 
form of the driving member or cam. This cam B is attached 
to the end of the driving shaft A and has an annular groove 
corresponding in width to the diameter of the rollers on 
the driven wheel D carried by shaft C. This annular groove 
is not continuous as there are inclined openings on both sides. 
When the cam revolves in the direction indicated by the arrow, 
the inclined surface F pushes roller E over t o  the left, thus 
causing disk D to turn; at  the same time, roller El enters the 
opening on the opposite side and is pushed over to the central 
position by cam surface G. This roller El remains in the 
groove until the cam has made one revolution, thus locking 
the driven wheel against rotation. This locking roller then 
passes out at the opposite side and another roller is engaged 
by the groove. The ratio of this gearing, which was used to 
provide a feeding movement on an automatic machine, depends 
upon the number of rollers on the driven wheel. 

Locking Plates for Intermittent Gears. -In the design of 
intermittent gearing, it is essential that the driven gear be 
provided with some form of locking device to  prevent it from 
moving during a period of rest. If this provision were not 
made, the driven gear might not be in the correct position to 
mesh with the first tooth of the driver when 'he two gears 
come into contact. Various devices are used for this purpose. 
The simplest form of locking circle is formed by milling the 
blank space of the driving gear down to the pitch line as shown 
at a (Diagram A, Fig. 19). During each period of rest of 
the driven gear the locking circle on the driver rotates in one 
of the stops b on the driven gear and, of course, does not trans- 
mit any motion to that gear. In applications where the driven 
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gear acts as an idler, driving a third gear and consequently 
containing a complete set of teeth, it is impractical to make 
use of a locking circle of the type just mentioned. I n  cases 
of this kind, a locking circle may be employed which is in a 
different plane from that of the gear teeth and which may be 
in the form either of a plate riveted to the gear or a flange 
cast integral with it. In these designs, the locking circle 
should not interfere with the action of the teeth. 

Fit. 19. Application of Lockin& Plates to Intermittent Oeuin# 

The form of locking device consisting of plates riveted to 
the gears is used on light gearing, principally where the gears 
themselves are stampings. This construction is shown at B. 
When such plates are made use of, notches, as shown at c, 
must be provided in the locking circle in order to permit the 
corners of the plates which form the stops d to pass the plate r 
on the driving gear a t  the beginning and ending of each period 
of rest. The shape of this notch may be readily obtained by 
laying out the gears when in the respective positions of enter- 
ing and leaving the periods of rest. Such notches are not 

necessary on gears of the type shown at  A, the spaces between 
the teeth being such as to take care of this condition. 

The form of locking circle, or ring, which is  cast on the 
gears is the type which is used on heavier construction. The 
ring is cast integral with the driving gear. The stops are cast 
integral with the driven gear, and should be designed to allow 
sufKcient cutter clearance, at the ends of the gear teeth for 
cutting the gear teeth. Notches are also provided in this 
type of ring to permit the stops to enter and leave just as de- 
scribed for the riveted-plate type of locking device. 

Fig. 20. Intermittent Gears with Lockln& CiKlar 

Locking Circles Cast Integral with Intermittent Gears. - 
In Fig. 20 is shown a design for intermittent gears which is 
suitable for either light or  heavy construction. An interrnit- 
tent gear is bolted to  each side of the worm-wheel and hub, 
one gear providing motion for indexing while the other oper- 
ates a clutch mechanism. The portions of the rims which 
have no teeth are cast to a smaller diameter than the root 
diameter of the teeth, so as to allow sufficient clearance for 
the pinion teeth while the intermittent spaces on  the gear ro- 
tate past the pinion, This clearance may be plainly seen a t  B. 
The locking circle of each gear is cast integral with the gear, 
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but is broken between the points C and D where the pinion 
starts and stops rotating. I t  is not necessary for the diameter 
of the locking circle to be equal to the pitch diameter of the 
gear; it may be made to any convenient dimension, but it is 
well to make this diameter as large as possible, thereby reduc- 
ing any possible binding on the locking plate. The cutting of 
the gear teeth presents no difficulties, but it is sometimes neces- 
sary to reduce the addendum of the teeth adjacent to points 

TO REVOLVE CON'TINOUOLY. 

TO MAKE ONE-THIRD REV- 
OLUTION,INT ERMITTENTLY, 
TO ONE REVOLUTION OF 

Pig. Zl. Intarmittant Bevel Gem Provided with A l u i l l . ~  L d m g  Device 

C and D so that they will enter and leave the pinion teeth with- 
out interference. The locking plates E and F are secured to 
the pinion shafts at the sides of the pinions by means of 
feather keys. Gears of this nature run smoothly, and as their 
manufacture offers no difficulties to the machine shop they 
might well be used more extensively in the design of auto- 
matic machinery. 

Auxiliary Locking Device for Intennittent Bevel Gears. - 
The intermittent bevel gearing illustrated in Fig. 21 is pro- 

vided with auxiliary locking plates which regulate the motion 
of the driven gear and hold it stationary while disengaged 
from the driver. The driving gear is on shaft A and revolves 
continuously. It is only provided with enough teeth to rotate 
the driven gear and shaft B one-third revolution to one com- 
plete revolution of the driver. This mechanism is used to 
actuate feeding rolls requiring an intermittent motion. For- 
merly the gearing was used without the locking device to be 
described, but there were slight variations in the movements 
of the driven shaft so that the gears did not always mesh 

Hg. ll. Reciproutlng Rack which Enlager S a a e n t  Gear at Each End at Itn SBtrok8 

correctly, which caused them to break, and also interfered 
with the timing of the feeding movement, These defects 
were eliminated by applying locking plates to  the shafts A 
and B, one plate being located just back of each gear. The 
plate on shaft B has three equally spaced flat sides o r  edges 
and the plate on shaft A is cut away to provide a clearance 
space for the protruding sections of the plate on shaft B 
when this shaft is in motion. As the plan view shows, the 
flat side of the plate on shaft B, during the idle period, is in- 
tercepted by the plate on A so that the driven shaft is not 
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only locked but its motion is limited to one-third revolution 
for each complete turn of the driving shaft. 

Intermittent Motion from Reciprocating Rack. - The in- 
termittent motion to be described is part of a device for feed- 
ing brass shells to a dial press. In the operation of this feed 
mechanism, it was necessary to turn shaft A (Fig. 22) and 
segment gear B through part of a revolution at each end of 
the stroke of reciprocating rack C. The illustration shows 
the segment gear in the dwelling position. As the rack moves, 
say, to the left, the rack teeth beginning at D engage the scg- 
ment gear and turn it. When the rack reverses, the segment 
gear is turned in the reverse direction until the rack teeth at 
the right leave it, and then dwell occurs until the teeth on the 
left-hand side engage the segment gear. Tooth E (and the 
corresponding tooth on the opposite side) is cut away to 
avoid interference as D comes into contact with F. 

The "Beaver-tail" Stop Mechanism. - The "beaver-tail" 
stop mechanism is used in conjunction with a geared drive 
to prevent or minimize inertia shock or impact at some point 
in a repeated cycle where a clutch is thrown or tools are 
brought into contact with each other or with the work as in 
power press operation. The name "beaver-tail" is applied to 
this mechanism because of the shape of the cam which forms 
an  important part of it. The driving pinion A (See diagram, 
Fig. 23) revolves continuously, and drives gear B through 
ordinary gear teeth except when the "beaver-tail" mechanism 
comes into action, at which time the motion of gear B is con- 
trolled by the two rollers R and R1 and the "beaver-tail" cam 
located between the rollers. If driven gear B is to be stopped 
once during each revolution, only one cam is attached to it. 
I f  two stops per revolution are required, two cams located 
180 degrees apart, are used. The teeth of the driven gear are 
cut away a t  each stopping position, and the large developed 
tooth or cam takes their place. 

The rollers on the driving pinion are diametrically oppo- 
site each other, and their centers are on the pitch circle of 
the pinion. When the beginning of the blank space on gear 
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B reaches the pinion and during the next quarter revolution 
of the pinion, one roller moves along the "beaver-tail" cam 
and brings the gear to rest with a harmonic motion. The 
center of the roller at the point of engagement caincides with 
the point of tangency of the two pitch circles, so that engage- 
ment takes place without shock. The driven gear is locked 
during the brief dwell which occurs while the rollers are re- 
volving about a concentric part of the cam. This stationary 
o r  neutral position is shown by the diagram. After the dwell, 
the other roller, during a quarter revolution of the pinion, 
engages the cam and accelerates the gear until it has the same 
speed as the pinion, when the gear teeth mesh and the ordinary 
gear drive is resumed. 

There may be one, two, or more stops per revolution, de- 
pending upon requirements and the number of stopping posi- 
tions provided. Both stopping and starting are accomplished 
with harmonic deceleration and acceleration, so that there is 
no shock to the mechanism (except from possible backlash) 
due to the reversal of strains. While the deceleration is tak- 
ing place, the driven member acts temporarily as the driver, 
returning energy to the drive as the revolving parts are brought 
to  rest. During a brief dwell period of twenty or thirty de- 
grees of driver rotation, while the cam is in the neutral posi- 
tion, a clutch on the driving shaft may be thrown in or out 
without inertia or load effect from the driven parts. As the 
load picks up, the driver has temporarily a greater mechanical 
advantage, due to the position of the roll on the cam, than it 
normally would have because of the ratio of the gears. 

Application of "Beaver-tail" Stop to Power Presses.- 
The "beaver-tail" stop is an invention of Charles R. Gabriel. 
I t  was developed about twenty-five years ago for use in con- 
nection with the feed mechanism of gear-cutting machines 
built by the Brown & Sharpe Mfg. Co. During the last five 
or  six years this stop mechanism has been utilized very success- 
fully by the E. W. Bliss Co. in conjunction with the drives of 
power presses designed for special purposes. 

For example, a small press used for curing celluloid is 
arranged with a double "beaver-tail" stop to  permit disengag- 
ing and engaging the clutch at the bottom of the stroke while 
the press is under full load. This stop mechanism has also 
been used on larger machines having shafts up to 5- or  6-inch 
sizes. Machines equipped with this stop are used either for 
curing celluloid or for other products which must be held 
under pressure for  a period of time. The  rolling key clutch 
is used on the back-shaft or  driving shaft, and since the clutch 
is disengaged and engaged as the rollers are passing across 
the dwell or neutral position on the cam, i t  is protected from 
an otherwise unduly severe strain. Presses are sometimes 
built for this service without using the "beaver-tail" cam, but 
if the load is heavy, the clutch life is likely t o  be short. 

A rather different use of the motion is its application for 
removing the impact load from the tools as  on a press used 
for the extrusion of collapsible tin tubes. The "beaver-tail" 
is so placed that it brings the slide and punch to  rest just as 
contact is made with the slug or blank to be extruded. The 
extrusion then takes place with an easy accelerated motion, 
the whole action resulting in various manufacturing advan- 
tages and an enormously greater tool life. 

With the clutch on the back-shaft, the driven gear must 
be fitted with two "beaver-tails," one at the point of contact 
of the tools, and the other opposite it, to favor the clutch in 
stopping the press. A variation of this practice is to  place 
the clutch in the gear on the main shaft and use only one cam 
at the tool contact position. This cam need not have any 
allowance for dwell. 

Size of Driven Gear Used with "Beaver-tail" Stop. - 
The pitch circle velocity and travel of the gear and pinion 
are the same except during the slowing down and picking up 
periods, when the pinion moves half its circumference and the 
gear moves a much shorter distance. This difference in travel 
reduces the number of teeth or pitches on the gear (including 
those teeth that are actually cut away) and hence also reduces 
the gear diameter. 
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As an example to illustrate the procedure, assume that a 
pinion makes four revolutions to one of the gear. In this 
case, i f  the pinion has 32 teeth, there would normally be 128 
gear teeth (4 X 32 = 128). If in the case selected the gear 
moves only the space of ten teeth during the slowing down 
and picking up periods, while the pinion moves a half revolu- 
tion or sixteen teeth, then the difference (16 - 10 = 6) 
must be deducted, leaving 122 teeth or pitches as the gear 
circumference. The pitch diameter of the gear relative to 
the pinion is in the ratio of 122 :32. 

Profile of "Beaver-tail" Cam. - The construction or devel- 
opment of this motion is worked out in Fig. 23. The method 
is based upon keeping the gear stationary and revolving the 
pinion about it as in planetary gearing, determining the rela- 
tive progress of the center of the pinion (along the arc D d )  
and then plotting the corresponding positions of the rolls 
which thus outline the proper shape of the cam. 

The pitch circles of the pinion and gear are indicated at A 
and B. The rollers R and R, are shown in the neutral or 

, locking position 0-0 which is their position when the center of 
the pinion coincides with the center line of the cam at D. This 
is one of the limiting positions. The other is either of the 
points 9, when the two rolls and the center of the pinion are 
on a radial line from the center of the gear. Here one roll 
center coincides with the point of tangency between the pitch 
circles of the gear and pinion, and the driving action shifts 
from the rolls to the gear teeth (or vice versa). 

The spacing of points 0-0 depends upon the pinion, which 
we have assumed in this case to have 32 teeth (the number 
must be even) and, say, a Cinch pitch diameter. The pinion 
moves through just half a revolution from the point where 
one roll engages the cam to the point where the other roll 
leaves it on the other side, the movement being equivalent to 
16 teeth. The gear obviously moves a shorter distance, which 
we have assumed in this case to be 8 pitches. (A greater 
distance reduces the dwell but eases the accelerating or decel- 
erating action.) This is 8 pitches less than the pinion move- 

ment. Accordingly, the pitch circumference or number of 
teeth of the gear for a 3 :1 ratio is 32 X 3 = 96 - 8 = 88. 
The gear diameter equals (4  X 88) + 32 = 11 inches. 

The order of construction, after determining the pitch 
tliarneters of the gear and pinion is as follows: Lay off the 
center line FD, the pinion pitch circle A about the center D, 
and the gear pitch circle B tangential to it, about the center F. 
Locate the roll centers 0-0 in their neutral position on the 
intersections of the pinion pitch circle and the vertical center 
line through D. 

Locate the starting and finishing positions of the roll centers 
9-9 on the pitch circle B of the gear-in this case, 8 pitches 
apart or 4 pitches each side of the center line FD. Draw the 
radial line FG from the center of the gear through one of the 
points 9. The centers of the pinion and both rolls must lie 
on this line when the roll R is at 9. Draw the arc Dd and the 
arc OE from the center F and the points D and 0. 

Following the scheme of revolving the pinion about the 
gear to develop the shape of the cam, the center of the pinion 
for various positions of the roll R must move along the arc 
Dd. When the rolls are at the locking or  stop position 0-0, 
the pinion center is a t  D. When the roll R is at the point 9, 
tlie pinion center is a t  9C, the intersection of the arc Dd and 
the line FG. Here the gearing is in normal mesh and the gear 
and pinion are  moving relatively at full speed. Since the 
pinion moves through a quarter revolution (90 degrees) in 
accomplishing this change of speed, we have taken nine posi- 
tions for the roll, representing a change of 10 degrees each 
on the pitch circle of the pinion. The corresponding positions 
of  the center of the pinion must be on the arc Dd between 9C 
and D, and should be spaced to give harmonic deceleration. 
To get a starting point for this harmonic change, lay off 
f rom 9 on the gear circle B a distance equal to 10 degrees on 
the pinion pitch circle. (Note the small arc at the division 
marked 80). A radial line from the gear center F through 
this point, intercepts the arc Dd at  the point 10C. Then the 
distance 10C-9C represents the travel of the center of  the   in- 
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ion f o r  10 degrees of rotation (direct-geared, full speed). 
T o  locate the pinion center positions below 9C for harmonic 

deceleration, the following approximate construction has been 
used: Draw the line D H  from D parallel to FG. Swing the 
arc J from a center on FG, tangent to DH. From the point 
9c a t  the intersection of the arc J and the line FG, lay off the 
distance 10c-9c about the arc J, continuing along the line DH. 
Transfer the points 8c, 7c, etc., on arc J, by means of lines 
parallel to FG, t o  the arc Dd. This gives the pinion center 
positions 8C, 7C, etc. Since the points Oc, lc, and 2c all fall 
on the point D, there is a relative dwell in the motion during 
the roll positions 0, 1, and 2. 

T o  locate the roll center positions, swing an arc equal to 
the pitch radius from the proper center and measure off the 
corresponding number of degrees from the arc OE as a start- 
ing point. Thus the points 1 and 2 are on the radius from 
the center D, and are 10 and 20 degrees, respectively, from 
0. The point 5, for example, is on a pinion radius swung 
from the center 5C, and is measured off 50 degrees from the 
intersection of that radius with the arc OE. This gives the 
positions of the center of the roll R between the points 0 and 
9. Corresponding positions of the roll R, may be obtained 
a t  the same time, as they are at the other extreme of the 
pinion diameter in each case. Thus the point 5, is a t  the in- 
tersection of the diameter line through the points 5 and 5C 
and the pinion circle arc swung from the center 5C. The re- 
maining positions may be obtained by repeating the construc- 
tion on the other side of the center line FD, or  since the cam 
is symmetrical, by transferring the points 0 to 9 and 0 to 61 
across the center line FD on perpendicular lines to the cor- 
responding points on the other side of it. The diameter of 
the rolls R and R1 is determined to suit the case, and the pro- 
file of the cam is outlined, as shown, by drawing in a portion 
of the roll circumference, swung from each of the roll center 
positions. 

Note that the dwell is about 40 degrees; that is, in laying 
out the uniform distance 10c-9c around the arc 9c-D, the 
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period results from the combination of harmonic acceleration 
of the "beaver-tail" and harmonic deceleration of the crank. 

Automatic Indexing Mechanism - The indexing or divid- 
ing of circular work requiring equally spaced grooves milled 

across the periphery may be controlled automatically by the 
dividing-head illustrated in Fig. 25. In addition to the trans- 
verse and longitudinal sections shown, there are three detail 
views which illustrate important features. The mechanism 
for controlling the indexing automatically derives its motion 

from a spindle L driven through coupling W from a special 
pulley carried on a bracket attached to the bed of the milling 
machine. The clutch M (see detail view) on spindle L locks 
worm K to the spindle when the worm is pressed against the 
clutch M by a spring H, acting through rod I and finger J. 
This engagement with clutch M occurs when lock-bolt B is 
withdrawn from plate C, so that worm-wheel E is free to 
revolve. The movement of plate C at each indexing is con- 
trolled by a counter mechanism consisting of a dividing-plate 
C having teeth on the periphery which engage the teeth of 
disk N, thus rotating stop-plate 0 which controls the engage- 
ment of lock-bolt B and the extent of the indexing movement. 

The table of the milling machine on which this mechanism 
is used should be arranged to  return automatically. When 
one groove has been milled across the work, the table returns 
and, when near the end of the return stroke, lock-bolt B is 
withdrawn by a suitable mechanism (not shown in the illus- 
tration). When this boIt is disengaged from dividing-plate 
C, the worm-wheel E is free to revolve. The pressure of 
spring H forces rod I, finger J, and worm K to the left, the 
worm engaging clutch M on spindle L which is constantly 
revolving. As worm K and worm-wheel E revolve, rotary 
motion is transmitted to dividing-plate C, and also to  spindle 
G through epicyclic gearing consisting of bevel pinions T 
mounted on pins U attached to part F' which is keyed to 
spindle C. The indexing movement continues until bolt B 
enters one of the succeeding holes in plate C. The movement 
of worm-wheel E is then arrested and the worm, as i t  con- 
tinues to revolve, disengages itself from clutch M and stops 
rotating. The dividing-plate C has a number of teeth c, the 
number corresponding to the number of its holes. Whenever 
this plate is set in motion, these teeth engage disk N and turn 
the counter 0. A solid portion of this counter is thus placed 
in front of lock-bolt B ,  which prevents the bolt from reengag- 
ing with plate C until a rotation equal to the required number 
of holes has been completed. One of the concave notches in 
counter 0 then releases bolt B which engages plate C. The 
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number of teeth in plates C and N and the notches in counter 
0 depend upon the number of divisions required. This divid- 
ing-head may be used the same as the hand-operated design. 
The hand-operated indexing movements, as well as the auto- 
matic movements, are transmitted to spindle G through the 
train of epicyclic gearing previously referred to. 

Combined Indexing and Locking Mechanism. -The auto- 
matic indexing and locking mechanism illustrated in Fig. 26 
was designed for a multiple-spindle automatic screw machine. 
The motions of this machine are all controlled by cams on a 

@ 

DETAIL OC 

I I 
Fig. 26. Indexing and Lockin& Mechantam for Spindle Head of 

Multiple-#pindle Automatic Screw Y ~ c h i n e  

camshaft which transmits motion for indexing by means of a 
chain and sprocket gearing. The sprocket wheel A on the 
camshaft is directly connected by a chain with a sprocket 
wheel fast to the spindle head B. Sprocket wheel A is nor- 
mally loose on its seat on cam C but it is engaged with the 
cam for indexing by means of a dog D contained in a slot in 
the cam. One end of this dog is arranged to engage a recess 
inside the hub of sprocket wheel A and the outer or projecting 
end is in position to be acted upon by stationary cam E. Nor- 
mally the dog D is out of engagement with the sprocket wheel, 
but for the indexing movement, cam E throws the dog into 
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engagement, thus revolving the sprocket and the spindle head 
to a new position. As there are five spindles in the head, in 
this case, the spindle head must be revolved one-fifth revolu- 
tion at  a time. After the indexing movement is completed, 
cam E disconnects the dog from the sprocket automatically. 

As it is necessary on machines of this class to locate the 
spindle head very accurately each time it is indexed, some 
form of auxiliary locating and locking mechanism is employed. 
In  this case, the locking bolt is at G, and is forced into its 
seat by the spiral spring shown. The action of the bolt is 
controlled by a lever H and cam F. This cam allows the bolt 
to drop in place as soon as the indexing motion is completed. 
The conical point of bolt G engages a seat of corresponding 
form in whichever plug K is in position. These plugs are 
spaced equidistantly about the periphery of the spindle head. 
The tapered seat for the end of bolt G is formed partly in the 
plug K and partly in the bushing J through which the plug 
passes, as indicated by the detailed view. With this arrange- 
ment, the location of the spindle head does not depend upon 
the closeness of the fit of the cylindrical part of the locking 
bolt in bushing J. 

Intermittent Spacing Mechanism of Geneva Type. - 
The feeding or spacing mechanism to be described is used 
on a large perforating press. This mechanism serves to 
advance the plate automatically after each series of holes has 
been punched. I t  is designed to advance the plate as quickly 
as possible, so that the idle stroke of the punch will be reduced 
to a minimum. With this mechanism, the advancing or  feed- 
ing movement occurs while the crank that operates the press 
slide makes one-fourth revolution. T o  accomplish this result, 
a modification of the Geneva movement is utilized. 

The feeding mechanism is driven from shaft A (see Fig. 
27) to  which is attached plate B carrying rollers C and C1. 
Roller C comes into engagement with groove D of the Geneva 
wheel when the main crank of the press is within 45 degrees 
of its upper position. After roller C has turned wheel E one- 
quarter of a revolution and as  it is leaving groove D, roller 

CI comes into engagement with groove Dl, so that the turning 
movement of wheel E is continued for another quarter revo- 
tion. It will be seen that while plate B makes one-half revo- 
lution, wheel E also turns the same amount; then as plate B 
turns another half revolution, wheel E remains stationary. 

Attached to shaft A beyond plate B (see plan view) there 
is a circular cam or segment F which engages an arc G of cor- 
responding radius, thus locking wheel E while rollers C and 
CI are out of engagement. During the second revolution of 
plate B, roller C engages groove K and roller C1, in turn, en- 
gages K1. During the following half turn of plate B, cam F 
is in engagement with arc GI, so that Geneva wheel E is again 
locked. This wheel is integral with a 40-tooth spur gear H 
which drives a 20-tooth pinion J; consequently, for every half 
revolution of wheel E pinion J makes one complete turn. 

On the shaft carrying pinion J there is a crank having an 
adjustable crankpin. This crank imparts an oscillating move- 
ment through link L to the segment-shaped part M to which 
is attached a pawl engaging ratchet wheel N. The intermittent 
motion thus imparted to the ratchet wheel is transmitted 
through a train of gearing to rack R, which is attached to the 
plate feeding table. By varying the radial position of crank 
PI and consequently the movement of the feed pawl, the ad- 
vancement of the work can be varied as desired. 

Since a quarter turn of wheel E causes one-half turn of 
pinion J, it will be seen that the engagement of roller C with 
wheel E results in the forward or feeding stroke of the ratchet 
wheel, whereas engagement of roller C1 returns the feeding 
pawl to its starting position. This mechanism operates 
smoothly, because wheel E is gradually accelerated during 
one-eighth revolution and then gradually decelerated during 
one-eighth revolution as each roller successively comes into 
engagement with it. This is an important feature, since the 
primary object of this mechanism is to provide the rzquired 
feeding movement in a minimum length of time. 

Indexing Mechanism of Screw-slotting Machine. - The 
automatic machine to which the indexing mechanism shown 
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in Fig. 28 is applied mills the screw-driver slots across the 
heads of screws. The screws to be slotted are placed in a 
slowly revolving hopper from which they are conveyed by a 
chute to the work-holder or turret M, which, in turn, locates 
each successive screw beneath the narrow cutter or saw, which 
mills the screw-driver slot. The work-holding and cutter- 
feeding movements are derived from a camshaft at the back 

of the machine which 
is connected with the 
main driving pulley 
through change-gear- 
ing so that the rate 
of operation may be 
varied to suit the 
size of the work. 

Fig. 28 is a plan 
view showing the 
t u r r e t operating 
mechanism. After a 
screw is released 
from the chute, it 
falls into the position 
shown at A where it 
is held between a - 
seat in bushing B and 

mg.  a. A m w t i c  1Upl.g x r * h  I spring C which is 
of a  ~ c r s r ~ l o m n g  xachine attached to  escape- 

ment lever D. This escapement permits the blank to  fall into 
position in the work-holding turret and also holds the screw 
blank in place in bushing B. The lever D receives its motion 
from cam E on a camshaft at  the rear of the machine, which is 
driven through change-gears. At F is a vertical shaft extend- 
ing down through the bed of the machine, which is driven 
through bevel gearing from the shaft on which cam E is 
mounted. This vertical shaft carries a revolving arm G that 
strikes locking lever H pivoted as J, and raises it from the slot 
in disk K in which it is seated. All of these parts are shown 

by dotted lines, as they are located beneath the turret or 
work-holder of the machine. As arm G continues its move- 
ment, it strikes against one of the teeth of star-wheel L and 
revolves it one-sixth revolution. When this indexing move- 
ment has been completed, locking lever H again drops into a 
slot in K, thus locking the turret in position. 

The turret carries six equally spaced bushings B, although 
only one is shown in the illustration. The slotting saw (not 
shown) is located on the side opposite bushing B and the 
screw blanks, after being placed in the work-holder at A, are 
indexed around to the saw by the intermittent action of the 
indexing mechanism, which movement occurs after each screw- 
head is slotted. As the screw blanks leave position A they 
are held loosely in place in the bushings by guard N which 
may be adjusted in or out to agree with the body diameter 
of the screw blank. As each screw arrives at the operating 
position beneath the slotting saw, it is held firmly against its 
seat in the bushings by the inner end of lever 0. This lever 
receives its motion from the left-hand face of cam E. This 
cam does not bear directly against the end of the lever 0, but 
acts through the intermediate lever P which is adjustable by 
means of the thumb-screw shown. It  is thus possible to 
regulate the pressure with which 0 bears against the work, 
the adjustment being varied according to the size of the 
screw blank. 

The slide carrying the slotting saw moves vertically and is 
fed downward by a cam as each successive blank is located 
beneath it. After the slot is milled, the saw is moved upward 
rapidly by a spring action, and lever 0 releases the slotted 
screw which drops through a chute and into a receptacle. If 
the screw blank does not release readily, the continued rota- 
tion of the turret brings it into contact with the curved edge 
of the ejector S. Incidentally, the bushings B are provided 
with a number of seats in their periphery so that, by simply 
turning these seats outward, the bushings are adapted for 
holding screws of a number of different sizes. The indexing 
mechanism is so arranged that any inaccuracy which may 
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occur is in a direction lengthwise of the screw slots and not 
a t  right angles to the face of the saw, so that the centering 
of the slot in the head of the screw is not affected. 

Semi-Automatic Indexing and Locking Mechanism. - The 
fixture illustrated in Fig. 29 was designed for a twc~spindle 

Fig. 29. Ssctionrl and Plan Views of Seml-rotornatlc Induing T U h n  

drilling machine. There is one drilling and one reaming 
position, and a third station directly in front of the operator 
for loading and unloading the work. The triangular center 
lines on the plan view represent these three positions. The 

operator has to give the indexing lever only two strokes, one 
forward and one return, to unlock the fixture and index the 
work. After indexing, the lock-bolt falls into the next notch 
and the fixture is locked until released by another movement 
of the operating lever. 

The illustration does not show the work or fixtures, which 
are mounted on top of the rotary table. The  base of the fix- 
ture is fastened t o  the machine table, lugs being provided at 
each side, as shown by the plan view. T h e  table B is free 
to revolve on the base A around the central bearing C. 

On the table hub, and free to rotate, is ring D to which is 
pivoted the indexing lever H. The index-plate E is attached 
to the table by screws and dowel-pins, and it has three index 
notches cut in its periphery. These two members D and E 
act as one unit during the forward stroke of the lever, owing 
to the fact that plunger F engages drill point spots G in the 
index-plate. Lever H, which is pivoted at I, projects through 
a slot in the base A. As this lever is pulled toward the oper- 
ator to turn the table in the direction of the arrow, finger J 
(see plan view) comes into contact with pin K fastened in 
lock-bolt L, and releases this bolt from the index-plate E. 
Bolt L has one taper side to permit easy engagement and 
eliminate backlash. I t  is supported by the base and is backed 
up by a spring. 

After bolt L is withdrawn to clear index-plate E, finger 0 
contacts with surface P, which is part of ring D; then lever 
H and ring D act as a unit, and further movement rotates the 
index-plate. After the lock-bolt is released by finger J acting 
against pin K,  this bolt rides on the periphery of the index- 
plate until it falls into the next nbtch. The motion of lever 
H is then reversed o r  pushed backward, so that finger 0 leaves 
surface P and finger J comes into contact with surface R on 
ring D. As this backward movement occurs, plunger F which 
is backed up by a spring, is lifted from spot G and slides over 
the surface of plate E until it reaches the next indentation. 
At the same time, finger S engages pin K and locks the bolt. 
Provision should be made for lubricating the movable parts. 
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CHAPTER IV 

TRIPPING OR STOP MECHANISMS 

THE different devices used for controlling motion may 
either be manually or automatically operated, and be adjust- 
able for varying the time of disengagement, or non-adjustable 
so that the tripping action occurs at the same point in the 
cycle of operations. Tripping and disengaging devices also 
vary in that some operate periodically or at regular intervals, 
whereas others act once and then must be re-set by hand 
preparatory to  another disengagement. The application of 
disengaging mechanisms varies greatly. With some classes 
of machinery, an automatic trip of some form is used to 
stop the machine completely after it has performed a certain 
operation or cycle of movements. On many machine tools, 
trips are used to  disconnect a feeding movement a t  a pre- 
determined point, not only to prevent the tool from feeding 
too far, but to make it unnecessary for the operator to watch 
the machine constantly, in order to avoid spoiling work. 
(When a feeding motion must be disconnected at a certain 
point within close limits, it is common practice to use some 
form of positive stop for locating a slide or carriage after 
the feeding movement has been discontinued by a trip acting 
through suitable mechanism.) The function of some trip- 
ping devices is to  safeguard the mechanism by stopping either 
the entire machine or a part of it, in case there is an unusual 
resistance to motion, which might subject the machine to 
injurious strains. 

The three mechanical methods of arresting motion which 
are most commonly employed are by means of clutches, by 
shifting belts, and by the disengagement of gearing. When 
the trippingq action is automatic, some design of clutch is 
generally used to disconnect the driven member from the 

driver or source of power. The action of the clutch is con- 
trolled in various ways. Shifting belts are  not ordinarily 
applied to machines as a part of the regular mechanism, but 
are very generally used to control the starting o r  stopping 
of an entire machine; clutches are also used extensively for 
this purpose. Gearing which is engaged or disengaged t o  start 
or stop a driven member is used in some cases. Feeding 
mechanisms of some types have a worm-wheel driven by a 
worm which is dropped out of mesh when the feeding action 
is discontinued. The method of controlling motion may 
depend upon the speed of the driving and driven members, 
and the necessity of eliminating shocks in starting, or upon 
some other factor, such as the inertia of the driven part or 
the frequency with which starting and stopping is required. 

How Tripping Action is Controlled. - Automatic tripping 
devices may be adjustable and be set beforehand to act after 
a certain part has moved a given distance, or  they may only 
act when a machine begins to operate under abnormal condi- 
tions. The adjustable form of trip, if for a part having a 
rectilinear motion, may consist simply of a stop which is 
placed in such a position that i t  will disengage a clutch after 
the part under the control of the trip has moved the required 
distance. If a rotary motion is involved, the same principle 
may be applied with whatever modification of the mechanism 
is necessary. When the trip is designed to  act automatically 
only when the machine is operating under adverse conditions, 
the action may be governed by variations of pressure or re- 
sistance to motion, or  the product on which the machine is 
working may cause the trip to act in :ase the operation is not 
as it should be. The following exdmples will illustrate a few 
of the applications and the possibilities of tripping mechanisms 
of different types. 

As various tripping devices are used in conjunction with 
reversing mechanisms to change the direction of motion, in- 
stead of stopping it entirely, Chapter V I  on "Reversing Mecha- 
nisms" shows additional applications of automatic tripping 
appliances. Additional examples will be found in Chapter 
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VII on "Overload Relief Mechanisms" and "Automatic Safe- 
guards." 

Trip which Disengages a Clutch.- One of the simplest 
forms of automatic tripping mechanisms is illustrated dia- 
grammatically at A, Fig. l. This general type is applied to 
some classes of machine tools for disengaging the feeding 
movements of a tool-slide at a predetermined point. The tool- 
slide, which may be the carriage of an engine lathe, is moved 
along the bed by a feed-screw a or a splined rod which is ro- 
tated through a clutch b. The shifting member of this clutch 
is operated by a lever c the lower end of which connects with 
rod d. This rod extends along the bed a distance equivalent 

to the carriage movement and carries an adjustable stop collar 
e, which is engaged by some projecting part f on the carriage; 
when this engagement occurs, the rod is shifted in a length- 
wise direction, thus throwing the clutch out of mesh and s top  
ping the feeding movement. Obviously, the point at which 
disengagement occurs depends upon the position of stop collar 
e which is set in accordance with the length of the part to be 
turned. There are other trip mechanisms of the clutch-shifting 
type which differ from the kind described in regard to the 
details of the mechanism for shifting the clutch. 

Trip which Disengages Gearing. - Diagram B, Fig. 1, illus- 
trates a form of automatic trip which serves to disengage 
worm gearing instead of a clutch. The worm g revolves 

worm-wheel h and the table feed-screw. This worm is carried 
by an arm j pivoted at k and held in position by the engage- 
ment of lever 1 with a notch in lever m. When the adjustable 
trip dog n, attached to the work table, strikes lever m and 
swings it about pivot p, the worm g drops out of engagement 
with worm-wheel h and the feeding motion stops. The point 
of this engagement may be varied at will by simply changing 
the position of  the trip dog n. Some of the trip mechanisms 
on vertical drilling machines operate on this same genera! 
principle. 

Many different designs of automatic tripping mechanisms, 
especially of the type used on machine tools for controlling 
feeding movements, are of the same principle as those de- 
scribed, in that trip dogs are attached either directly to the 
driven member o r  to some auxiliary mechanism such as a 
revolving disk geared to the driven part, and these dogs stop 
the feeding movement either by disengaging a clutch or  gear- 
ing. If the feeding movement is intermittent and is obtained 
through ratchet gearing, the pawl may be prevented from 
engaging the gear teeth of the ratchet wheel after the latter 
has turned a predetermined amount. An example of this 
type of tripping device is described in Chapter I1 (see Fig. 9). 

Automatic Stop for Drilling Machine.- Fig. 2 shows a 
side elevation and plan of an automatic stop or trip for a ver- 
tical-spindle drilling machine, which operates by disengaging 
a friction clutch. The feeding movement is transmitted t o  
the spindle from the friction gear c to  the disk d and through 
worm gearing a t  k to a pinion meshing with rack 1 attached 
to the spindle sleeve. The position of friction gear c is con- 
trolled by hand lever g which, through link e, lever f, shaft a, 
and collar b, moves the friction gear in or  out of engagement 
with disk d. Lever g is held in the engaged position by the 
latch or  trigger n. An adjustable stop collar h is set by means 
of graduations t o  automatically disengage the feed after a 
hole has been drilled to whatever depth is required. This 
collar acts by simply striking the end of latch n, thus releasing 
lever g and the friction gear c. Any wear in the friction clutch 
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is compensated for by adjusting set-screw j in the end of 
connecting link e. 

Duplex Automatic Tripping Mechanism.-Another form 
of tripping device for a vertical-spindle drilling machine is 
illustrated a t  B, Fig. 2. This stop may be set to disengage 
the worm e from the worm-wheel on the pinion shaft, or it 
may be utilized to disengage miter gear g which drives the 
worm-shaft. The tripping dog is attached to a bracket or 

arm a clamped to the feed rack on the sleeve. The dog b may 
be swung so as to engage either levers c or d ;  as shown in the 
plan view, it is in the latter position. Lever c controls the 
engagement of worm e with wheel f ,  whereas d serves to  dis- 
engage the bevel gear g. When the worm is out of mesh, the 
spindle may be moved vertically by the hand-feed lever, for 
facing or  similar operations, after a hole has been drilled. 
Ordinarily, gear g is disengaged, but this does not leave the 
spindle free for rapid adjustment. 

Adjustable Dial Type of Tripping Mechanism. - The auto- 
matic tripping mechanism shown in Fig. 3 was designed for 
drilling machines and may be adjusted to disengage the down- 
ward feeding motion of the drill at any depth up to 14 inches. 
The feeding movement is transmitted through the drill spindle 
from shaft A, through worm gearing, to shaft B which has a 
pinion engaging the rack on the spindle quill. The automatic 
disengagement of the feed is controlled by the engagement of 
pawl H with lever N. The distance that the spindle feeds 
downward before the feed is tripped is regulated by the gradu- 

r d 

---- - 

Flg. t. Antomatle Feed-tripping Ibechanlrm having Oradtinted AdjusUng 
Dial for Controlling Time of Diaengagemant 

ated adjustable dial I. The graduations on this dial indicate 
1/32 inch of the spindle travel, and one complete revolution 
represents 7 inches of spindle travel. The pawl H is so de- 
signed that it can be set to allow iwo revolutions of the dial 
before engaging lever N. 

The operation of the mechanism is as follows: If the feed 
is to be tripped automatically in 7 inches o r  less, pawl N is 
set as indicated by the dotted lines at K; if it is desired to 
trip the feed a t  a distance greater than 7 inches, pawl H is 
turned to the position shown by the full lines. For  example, 
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i f  it should be required to automatically trip the feed a t  a 
depth of 3 inches, the knurled nut L would first be loosened 
and the graduated dial I turned until the figure 3 on it was 
opposite the mark on pointer J ,  after which nut L would be 
tightened. The pawl H would then be set in the position 
shown by the dotted lines, with the result that, when the drill 
had traveled 3 inches, the surface M would come into contact 
with the side N of the trip arm and disengage the feed. On 
the other hand, i f  it were required to drill to a depth of 9 
inches before the feed was automatically tripped, the dial I 

- 

Fig. 4. R e l e a n l ~ ~  Mecbn1.m 1n rhlch a Falling Weight 
Dlnengager a Toothed Clutch 

would be set with figure 2 opposite the mark on pointer J ,  
and pawl H would be turned to the position shown by the ful! 
lines. With the pawl in this position, the contact of surface 
0 with lever N would not throw out the feed, as the pawl, 
being loose on its stud, would simply turn and pass the t r i p  
ping arm without moving it. After the pawl had passed the 
arm, it would then be in the position shown by the dotted lines, 
that is, with the end in contact with a projecting sleeve, as 
a t  K, thus preventing further rotary movement, so that, when 
it again came around to the tripping lever, the feed would be 
disengaged. I f  the knurled nut L is loose, the feed cannot be 
automatically tripped at any point. 

Clutch Release of Gravity Type. -The disengagement of 
a toothed clutch can be accurately accomplished a t  a prede- 
termined point in the traverse of a sliding machine member 
by an arrangement similar to that shown at A and B in Fig. 
4. This design enables disengagement to be accomplished so 
quickly that wear on the clutch teeth is reduced to a minimum. 
The mechanism consists of a weighted lever D connected at 

Fig. 5. Boud  Drop-hammer Tripping Yech.nim8 

one end to two links E which control the axial movement of 
the driven clutch member. When the clutch is engaged as 
shown at A, the opposite end of the weighted lever is sup- 
ported by trip-lever F, but when lever F is tripped during the 
operation of the machine, the weighted lever falls, and thus 
forces the driven clutch member away from the driving 
member. The relative positions of the various details when 
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the clutch is disengaged are illustrated at B. A similar mecha- 
nism may be used for releasing a worm from a worm-wheel. 

Tripping Mechanism of Drop-hammer. - When a board 
type of drop-hammer has fallen and is rebounding, the fric- 
tion rolls grip the board and elevate the hammer preparatory 
to the delivery of another blow. The eccentrically mounted 
gripping roll is moved inward against the board for elevating 
the hammer, when a "friction bar" is released by a tripping 
mechanism and allowed to fall. Most of these tripping de- 
vices operate on the same general principle as the design illus- 
trated at A in Fig. 5. The friction bar a is attached a t  its 
upper end to a lever that controls the position of the eccen- 
trically mounted friction roll; when the bar falls, the lifting 
board is gripped between this front roll and one at the rear 
that revolves in one position. Before the friction bar is re- 
leased, the lower end rests upon a seat which prevents it from 
falling. When the hammer c descends, an incline surface d 
on it engages bracket b and pushes bar a off of its seat. The 
weight of this bar is sufficient to give the roll referred to the 
required gripping pressure on the board f, so that the ham- 
mer is lifted to the top of its stroke. As the hammer rises, 
it engages a lever and raises the friction bar which, in this 
particular case, is returned t o  its seat by a spring-operated 
guide g. I n  order to operate the hammer properly, it is neces- 
sary to  release the friction bar at exactly the right time, which 
must be varied according to the thickness of the hammer dies. 

The tripping mechanism must be so set that, as the hammer 
rebounds, its upward movement is continued by the action 
of the friction rolls. If the release of the friction bar occurs 
too soon, the rolls will grip the board either before the ham- 
mer strikes its blow o r  before it has had time to rebound. On 
the other hand, if the release occurs too late, the hammer 
will fall back after rebounding and the roll will have to pick 
up a "dead" or stationary load. The point of release depends 
upon the vertical position of bracket b. 

A trip mechanism of the swinging latch type is shown at B, 
Fig. 5. I n  this case, the friction bar k is held in the upper 
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position by a catch 1 which engages a slot in the bar and is 
attached to the short vertical shaft m. This shaft also carries 
a lever n that extends out far enough to engage an inclined 
surface on the hammer. As the hammer descends, lever n, 
bar m, and catch 1 are turned, thus releasing the friction bar k 
and allowing the rolls to grip the board for elevating the 
hammer. The point at which release occurs may be varied 
by changing the vertical position of lever n. 

Stop for an Automatic Machine. - An automatic stop de- 
signed to prevent the jamming of stock in the feeding chuck 
of a balance-staff machine when the end of the stock has 
been reached is shown in Fig. 6. Several automatic stops 
were tried out on these machines without success previous to 
the development of the stop shown. This stop is a modifica- 
tion of the type used on bench screw machines. Before pro- 
ceeding with the description of the stop it may be well to men- 
tion that a balance-staff machine is used for turning the 
balance staffs for watches. The balance staff is the shaft on 
which the balance wheel of a watch is secured. At each end 
of this shaft is a fine pivot or tapering point. When assem- 
bled in the watch these pivots are supported by jewel bearings 
which are cupped out to receive the pivots. 

The balance-staff machine is similar in design to a small 
bench screw machine. I t  consists of a spindle containing a 
chuck and a mechanism for feeding the stock forward, a 
camshaft with a set of cams for operating the chucking 
mechanism, for reversing and controlling the feed, and for 
operating the front and rear cross-slides. The front cross- 
slide carries the cutting-off milling cutter, and the rear cross- 
slide the milling cutters that form the pivots. It might be 
added that the balance staff is only rough-milled in this ma- 
chine; it is afterward put into a pivot-turning machine and 
the pivots turned down to the required diameter and then 
polished. During the milling of the pivots and the cutting- 
off operation, the work is firmly held in a support. The 
spindle camshaft and the cutters in the cross-slides are al! 
driven separately from the main driving shaft. 

In applying the stop it was necessary to alter the regular 
camshaft A somewhat. A left-hand quadruple-thread worm 
having five threads per inch with a lead of 0.20 inch and a 
pitch of 0.050 inch was cut on the shaft at B. This worm is 
employed to drive the worm-gear C. When the machine is 
in operation the camshaft turns the worm-gear C which, in 
turn, revolves shaft D. A keyway is cut the entire length of 
the threaded part of shaft D. A key held in worm-gear C is 
made a sliding fit in this keyway. Now as shaft D has a Ieft- 
hand thread which fits the threaded part K of piece E (see 
view in lower right-hand corner), shaft D will move toward 
the set-screw F when the machine is in operation. When 
lever G is pushed back by the end of shaft D coming in contact 
with screw F, the stopping device of the machine, which is 
zontrolled by a latch held in V-slot H, is released and the ma- 
chine stopped. The time a t  which this releasing movement 
occurs may readily be varied by adjusting screw F. 

The stock used in the manufacture of the balance staffs 
comes in three-foot lengths, and the stopping device is set to 
stop the machine automatically when about 2 inches of stock 
is left in the feeding chuck. This prevents the jamming of 
the stock between the cutters and enables the operator to 
easily take out the piece left in the chuck and t o  feed in a new 
piece of stock by lifting part E sufficiently t o  disengage the 
thread of shaft D. The latter member may be pushed back 
into contact with the stop-screw I ,  when lever G will spring 
back to its former position as shown in the illustration. The 
machine is then started by lifting up the starting latch so that 
it will be engaged by the V-slot H. 

Stop Mechanism which Operates After Predetermined Num- 
ber of Revolutions. - This mechanism was applied to a coil 
spring winding machine for turning a shaft a predetermined 
and exact number of revolutions and then stopping it instantly. 
T o  obtain the exact number of turns needed, the motion is 
transmitted through a multiple-disk drive arranged as shown 
in Fig. 7. The drive is from pulley A through friction disks 
B to shaft C, which rotates part D, having a hole at E in 
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disks B can be varied by means of nut L, which is used to 
regulate the pressure from spring M located between two 
thrust bearings. 
Quick Stop Mechanism for Spring-winding Machine. - 

A quick stop mechanism which has been used successfully 

Fig. 8. Btop Ibech.nima cahich Slackem Driving 
Belt and Applies Brake 

on a machine for winding springs has an operating shaft S 
(see Fig. 8) which withdraws idler pulley L and advances 
arm G on which pawl H is attached. This pawl pushes against 
a pin in eccentric E and turns it, thus Lightening brake-band 
C on brake-drum F. I t  will be seen, therefore, that as soon 
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as the driving belt is slackened by withdrawing pulley L, the 
brake is applied. Arm G is supported by an extension which 
rests on collar A. 

When the brake-band is adjusted to the proper tension, the 
pawl will tighten it and then slip over the pin, allowing the 
brake to release and leaving the spindle free after stopping 
i t ;  o r  if desired, the adjustment can be such that the pawl will 
not slide over the pin, in which case the spindle is stopped and 
held stationary. The spindle speed is 7,000 revolutions per 
minute and there is very little wear on the parts. The oper- 
ating shaft S has a handle on one end, conveniently located 
for the operator, but this motion could, of course, be applied 
automatically if desired. 

Device for Stopping a Machine Momentarily. - I t  is an 
easy matter to provide a means of stopping a machine with 
its own power by the use of a cam or some similar mechanical 
device, but it is a more difficult problem to design a device 
that will automatically stop a machine and start it again so 
that it is only momentarily brought to a full stop. With the 
usual type of device designed simply to shut off the power, 
there is no stored up energy that can be utilized to start the 
machine again without attention on the part of the operator. 
Fig. 9 shows a simple and automatic device for shutting off 
the power momentarily. 

The shaft A is a part of the machine that rotates while the 
machine is in operation. When i t  is desired to stop the motive 
power, latch B is moved to the left, pivoting about pin P. The 
machine is started again by moving latch B back to the right- 
hand position. The problem is to provide a means of throw- 
ing latch B to  the left or  stopping position and then back again 
to  the running position without attention on the part of the 
operator. The latch can be readily moved to the left by means 
o f  a cam, such as shown at C, but the instant that the cam has 
so acted the machine will stop, and the cam will be left in such 
a position that the lever cannot be moved back to the starting 
position, either through the action of a spring, such as shown 
at  D, or  by other means. 

To overcome this difficulty, shaft A was provided with a 
flange member E secured by the pin F. The cam member C 
is free to turn on shaft A, but its movement relative to flange 
E is limited by two pins G and H, which are driven into flange 
E and allowed to  project through the slots J and K in the cam 
member. On the cam member is a stud L to which is secured 
one end of a spring M, the other end being secured to some 
part of the machine. 

When shaft A travels in the direction indicated by the 
arrow, the flange E will drive the cam member C in the same 

Hg. 9. XbcJunims for Antrmutiully Starti- r MrcUno r ibr  Stoppi- it 
Y o m m W l y  

direction. As the pin L reaches its highest point and begins 
its descent, it will act against the pressure exerted by spring 
M until the instant that pin L passes a vertical line through 
the center of the shaft. At this point spring M will accelerate 
the movcment of the cam member and not only push lever B 
to the left, thus bringing the machine to a stop, but will also 
carry the point of the cam past the roller N, so that lever B 
will be returned to its original position by the action of spring 
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D. The machine will thus be started automatically after hav- 
ing been stopped for an instant. 

Mechanism which Stops Rapid-moving Slide at Top of 
Stroke. - A stencil-cutting machine used for cutting odd- 
shaped openings in stencils of various fibrous materials has 
a fixed knife A (see Fig. 10) and an upper knife B which 
is given a rapid reciprocating motion. The stop mechanism 
to be described is so arranged that when a foot-lever ic de- 
pressed, the cutter-slide is disconnected from the driving mem- 
ber, which allows the cutter-slide to stop instantly and always 
a t  the top of its stroke, thus ~ermitt ing the work to be moved 
either away from the knife or  from one opening to another. 

The  machine is driven by a constant-speed motor through 
a belt connecting with a pulley on the rear end of shaft C. 
T h e  foot-lever which controls the action of the cutter-slide 
is pivoted in the machine base and connects with the rear end 
of lever D. The drive to the cutter-slide is through two 
hinged fingers E and F (see end view which shows cover 
plate removed). These clutch fingers are pivoted to a cross- 
head which is given a rapid reciprocating movement by crank- 
pin G. The foot-lever normally is held in its upper position 
by a spring (not shown). When the foot-lever is depressed, 
clutch fingers E and F are forced out of engagement with 
angular notches in the cutter-slide, and as soon as the latter 
is released, i t  is pulled to  the top of its stroke by spring H. 
(The spring H also takes up any lost motion that there might 
be in the reciprocating cross-head or  connections.) The cutter- 
slide remains in this upper position until the clutch fingers 
on the reciprocating cross-head are released so that they are 
again free to engage the angular notches. 

The mechanism for controlling the disengagement and the 
engagement of the clutch fingers operates as follows: Lever 
D is pivoted at J so that its forward end moves upward as 
the foot-lever is depressed. The round end of lever D con- 
nects with and transmits this upward movement to bar K and 
to cross-arm L (see end view). Cross-arm L is secured to 
bar K by a set-screw, which allows the cross-am to  be ad- 
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justed up or down to accommodate any variation in any other 
part of the machine. This cross-arm has pins N and M, 
which act against the upper ends of the clutch fingers, com- 
pressing the springs shown and releasing the fingers, as indi- 
cated by the detail view in the lower right-hand comer of 
the illustration. 

When the foot-lever is released, it is pulled upward by its 
spring, which, through the mechanism described, moves cross- 
arm L downward, and engages a tongue on the cutter-bar, 
forcing it down and thus allowing the springs to close the 
clutch fingers upon the cutter-bar so that they can engage the 
angular notches. A little clearance is provided in the bottom 
of each notch to allow for any wear on the tooth or the notch. 
The upper end of the cutter-bar fits into a hole in the cross- 
head. The cutter-bar also has a tongue P which serves as a 
guide for the upper end, the cross-head being slotted to receive 
this tongue, which also acts a s  a stop when the clutch fingers 
are released. 

With this mechanism, starting and stopping is almost in. 
stantaneous, with the main drive shaft of the machine run- 
ning at high speed. The knives may be formed to  various 
curved shapes to facilitate cutting any fancy scroll work or 
small round holes. This machine, incidentally, is used in 
cutting leather gaskets, design stencils, and various other 
articles not required in large enough quantities to warrant 
the cost of a punch and die. The machine may also be used 
to advantage in trimming and cutting odd-shaped patterns 
and uneven edges of leather goods after the stitching opera- 
tion. The upper knife has a sharp point or pilot on the lower 
end for piercing the work when starting the cut. 

Clutches that Automatically Disengage. - The clutches 
used on power presses are designed to automatically disengage 
after making one or more revolutions. The clutch connects 
the flywheel or driving gear of  the press with the driven 
shaft, whenever it is tripped, by pressing down a foot-treadle. 
As long as this treadle is held down, the clutch remains in 
engagement and the press continues to run; if the treadle is 

released, the clutch is disengaged when the ram or slide of 
the press is approximately at the top of its stroke. The down- 
ward movement of the treadle releases a pin, key, or some 
other form of locking device which quickly engages the driv- 
ing member; when the treadle is released, the locking device 
encounters some form of trip or cam surface which with- 
draws it and stops the press. There are many designs of 
clutches of this general type. 

Automatic Clutches of the Key Type. -Fig, 11 shows a 
clutch of the type having a key which is engaged or  disengaged 
with the hub A of the flywheel. This flywheel revolves freely 
on the shaft until the dog D is pulled down by the action of 
the foot-treadle; then the key C is forced downward into en- 
gagement with the flywheel by a strong steel spring E. When 

The foot-treadle is released, 
the dog D is forced up, and 
when key C comes into con- 
tact with the dog, it is pushed 
back into the shaft, thus al- 
lowing the flywheel to again 
run freely. If the treadle is 
depressed and then released, 

\ U 

Fl& 11. Automatic Clutch OI I the press will make one revo- 
B~WW-LW ~ r p r  lution before stopping, but if 

the treadle is held downward, the press will continue t o  run. 
This clutch is equipped with a safety device to prevent the 
ram or slide of tlie press from descending unexpectedly while 
setting dies o r  making adjustments. This safety device con- 
sists of a steel ring F having a keyway or  slot in it for receiv- 
ing the key C. When the press slide is at the top of its stroke 
and dog D is up, the key is entirely within the shaft and may 
be held in this position by turning ring F, thus preventing 
accidental engagement of the clutch. Ring F has an extension 
a r m  that enables it to  be turned readily. 

A clutch is shown in Fig. 12 that has a rocking key instead 
of one that moves radially. This key A extends across the 
shaft and, when the press is not in motion, the key rests in 
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a semi-circular seat and occupies the position shown in the 
end view. When in this position, the lever B at one end of 
the key is in engagement with the latch C, which is connected 
with the foot-treadle. As soon as latch C is swung out of 
the way by depressing the treadle, lever B and the key tend 
to  turn as they are acted upon by the compressed spring E. 
When the flywheel has turned far enough to bring one of the 
recesses F opposite the key, the latter, by making a quarter 
turn in its seat, engages the recess and locks the flywheel and 

I 1 

- - -  

Fig. 12. Automrtlc Clutch ot Turning-key 5pe 

shaft together. If the treadle is immediately released, thus 
allowing latch C to swing back to the vertical position, it will 
engage lever B when it comes around and force this lever and 
the key back out of engagement with the flywheel. 

Clutches Engaged by a Wedging Action. - Some designs 
of automatic clutches are engaged by a wedging action of 
some locking member between cam or eccentric surfaces, in- 
stead of employing pins or keys. An example of the cam 
type of clutch is shown at A. Fig. 13. A cam a, having a 
series of eccentric or  cam surfaces, is keyed to the crank- 
shaft, and si~rrounding this cam there is a slotted ring c con- 

taining rollers b, which, in turn, are surrounded by a hardened 
tool steel ring d. These parts are inserted in a recess formed 
in the hub of the flywheel. O n  the slotted ring c, there is a 
lug f which is in engagement with the pivoted stop lever e 
when the press is not in operation. As soon as the stop leve~ 
is drawn downward by means of the foot pedal, the rollers 
are carried around by the action of the flywheel until they 
are wedged tightly between the cam surfaces and the outer 
ring d; the crankshaft is then driven with the flywheel and 
continues to revolve until lever e is released and, by striking 

Fig. 13. Autornrtio Clutches of the Cam or Wedging Ty'p 

stop f, throws the rollers out of engagement. The slotted 
ring c has a spring attached to it (not shown) which turns 
the ring and rollers toward the high points of the cam when 
the ring is released by the lowering of lever e. 

The design of clutch illustrated at  B is equipped with an 
eccentric h which is solid with tne crankshaft and a wedge- 
shaped member j which serves to lock the flywheel and crank- 
shaft together. This wedge j is located between the eccentric 
and a ring k inserted in a recess in the hub of the flywheel. 
The ring is split and compressed somewhat so as t o  exert a 
pressure against the wall of the recess. When the stop s is in 
engagement with pin n, the flywheel simply revolves about the 
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expansion ring k. When stop s is withdrawn, the ring k 
expands, and, as it begins to revolve with the flywheel, the 
wedge j is forced between the eccentric h and the inside of the 
ring; consequently, the flywheel, expansion ring, and the shaft 
are firmly locked together. When the foot pedal is released 
and stop s engages pin n, the ring contracts and remains sta- 
tionary while the flywheel continues to revolve. The surface 
a t  m serves as a brake, so that the crank-shaft is stopped when 
the slide is approximately at the top of its stroke. 

Clutch of One-revolution Coiled-spring Type. - A spring 
clutch designed to disengage automatically at the end of one 

Fig. 14. Sprlnc Type of Clutch rhlch AntomatiuIly 
Dlnugager Ntor Xlldng On* Revolution 

revolution of the driving shaft is shown in Fig. 14. Wheel 
A is free to rotate on the driving shaft; gear G is free to rotate 
on bushing C which is fastened to the drive shaft; gear G and 
wheel A are attached to opposite ends of spring E ; and spring 
E is a snug fit on bushing C but is not fastened to it. 

With the drive shaft rotating, gear G will not move as long 
as wheel A is held from rotating by dog B ;  but when the dog is 
withdrawn momentarily, wheel A is dragged around by the 
spring which now grips bushing C firmly and hence rotates 
with it. Since gear G is attached to the spring, it too will 
rotate at the same speed as the bushing and drive shaft. When 
the rotation of wheel A is stopped by the re-engagement of dog 
B, the spring will open slightly, slip on the bushing, and no 
longer drive gear G. 
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By making wheel A large and heavy, like a flywheel, the 
clutch will take hold gradually and with a smooth action. 
When the clutch is disengaged, the driving spring will be 
opened slightly, due to the rotating action against the station- 
ary wheel. When wheel A is released, it rotates forward a 
slight amount and causes the spring to  grip the drum. As the 
driven members of the clutch start to rotate. their motion will 
be resisted by the inertia of the heavy wheel, which, in turn, 
prevents the clutch from engaging quickly. 

m. lS. M.chniamr Bqdpped with Bndleu C h l n r  for CoutmlUal 
H-gsmmt and Dinngagamont of Clmtcb.. 

Variable Clutch Control by "Pattern Chain." - The 
ingenious method of controlling clutches illustrated a t  A in 
Fig. 15 is applied to  a textile machine known as  a "twister." 
The variations in the yarn are obtained by controlling the action 
of two sets of delivery rolls. The  lower rolls r and s of each 
set support the upper rolls c and d .  Splined to the end of 
roll r is a shifting clutch member e which revolves the roll 
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when engaged with the clutch teeth on the hub of gear f. A 
similar clutch and gear combination is located a t  g for driving 
the lower set of delivery rolls. The upper clutch is connected 
with lever q pivoted at h, and the lower clutch, with lever j 
pivoted at k. The action of these clutch levers is governed by 
a pattern chain 1 suspended on a drum m. As this drum re- 
volves, the rollers of the pattern chain come into engagement 
with the lower ends of the clutch levers, thus shifting the 
clutches in and out of engagement. By changing the position 
of the rolls or risers of the pattern chain, the pattern of the 
yarn may be varied and different fancy effects be obtained. 
The chain drum is revolved by means of change gearing for 
varying the speed according to requirements. The clutch gears 
are rotated continuously, and the delivery rolls are only stopped 
when a knob or knot is being formed, both sets of rolls being 
rotated while the yarns are being twisted together between 
the knots. 

Another application of an endless chain for controlling the 
engagement and disengagement of a clutch at predetermined 
intervals is illustrated at B, Fig. 15. This mechanism is ap- 
plied to a loom. The vertical shaft a is driven through bevel 
gearing (not shown) at the lower end, from the driving shaft 
of the loom. The upper end of shaft a carries a clutch mem- 
ber b, which is engaged by the shifting clutch member c splined 
to shaft d. Shaft d, through the bevel and spur gearing shown, 
is connected with the chain drum or cylinder e carrying the 
clutch controlling chain f. Above this chain, there is a lever 
g pivoted at h and connected by link i with another lever j 
pivoted at k. The pin 1 connecting the link and lever engages 
a slot in bellcrank m, the movements of which are controlled 
by a spring n and a connector o which extends to another part 
of the machine. The vertical slot in lever m has a short hori- 
zontal section at the upper end. 

The action of the mechanism is as follows: When the 
clutch members are engaged, the chain drum and chain re- 
volve, and when one of the links p engages lever g,  the lower 
lever j is raised, thus locating pin q in the upper part of the 

annular groove of the shifting clutch member. As soon as 
pin 1 at the end of lever j reaches the upper end of the vertical 
slot, the bellcrank lever m swings over under the action of 
spring n, thus engaging pin 1 with the horizontal part of the 
slot and locking the lever j in the upper position. As soon as 
the lever j is raised, a projection engages pin q and discon- 
nects the clutch, thus stopping the rotation of shaft d. The 
link p on the pattern chain is no longer under the roller of 
lever g, but this lever is still held in the upper position, by the 
engagement of pin I with the horizontal slot in bellcrank lever 
m. The clutch remains disengaged until the connector o 
swings the vertical part of lever m to the right, thus allowing 

I 
Fig. 16. laagaetie Clutch Equipped with Autamtlc BLnd B-0 which 

Operate# when Clutch Releaner 

the upper clutch member c t o  re-engage the lower part. The 
movements of the connector are controlled by another chain 
which operates on the same general principle as the one re- 
ferred to. 

Magnetic Clutch with Automatic Band Brake. -The mag- 
netic clutch illustrated in Fig. 16 is equipped with an  electric- 
ally operated brake which acts automatically when the clutch 
is released, in order to stop the driven part a s  quickly as pos- 
sible. The driving shaft carries the field A which is provided 
with a magnetizing coil B. The hub C on the driven shaft 
has attached to it a flexible spring-steel disk o r  plate D. This 
plate carries the armature E which is prevented from coming 
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directly into contact with the magnetizing coil by a ring of 
frictional material at F. This friction ring, which is made 
of woven asbestos and brass wire, provides a frictional sur- 
face for driving. The ends of the winding of the magnetizing 
coil are attached to the rings G which are in contact with a 
pair of brushes H connected with the electrical circuit. The 
automatic brake, which is of the band type, engages drum J, 
and the ends of the band are pivoted to lever K at two points 
as  shown. The plunger of a solenoid enclosed in cylinder L 
is attached to lever K ,  and at the outer end of this lever there 
is a weight which serves to apply the brake when the clutch 
is disengaged. 

I n  the operation of this clutch, the current is gradually ad- 
mitted to the magnetizing coil by means of a rheostat. The 
magnetic attraction between this coil and the armature causes 
the friction ring F to be held firmly against the driving mem- 
ber, so that motion is transmitted between the driving and 
driven shafts. The solenoid is also energized so that lever K 
is pulled upward and the band brake about drum J released. 
This brake is held in circular form and out of contact with 
the drum by a spring and rod 0. As soon as the circuit is 
broken, the clutch is released, and the solenoid allows the 
weighted lever K to fall, thus supplying the brake automatic- 
ally to the driven part. This feature is of particular advan- 
tage when the driven side of the clutch is connected to 
some part which tends to revolve quite a long time after 
disengagement. 

Multipledisk Clutch Equipped with Brake. - I t  is some- 
times necessary to start and stop machines or certain parts of 
machines smoothly, with great rapidity, and in synchronism 
with other moving parts. With light or slow moving appa- 
ratus, the problem is relatively simple, but the difficulties mul- 
tiply as weight and speed are increased. The clutch mecha- 
nism shown in Fig. 17 has proved very efficient for the clas? 
of service mentioned. This design of clutch is used on a 
machine transmitting a load of 20 horsepower and operating 
about 3600 times per day, under unusually trying conditions 

This machine picks up its load from dead rest, makes three 
revolutions and comes to rest again in three-fifths second, 
or at an average rate of 300 revolutions per minute, without 
the slightest shock or effort. When it is considered that the 
clutch drum is driven at only 340 revolutions per minute, 
and the engagement is only a fraction of a second, it will be 
seen that the slip is very slight indeed. The absence of shock 
may be attributed to the perfect cushioning of the pressure 
applied to the clutch and to the liberal friction area provided, 

I I 
Fig. 17. Qnlck-actlng Maltiplb.dlsk Clutch m d  Brake Combtnrtlon 

there being nearly a square inch for each pound of pull at the 
average radius of the disks. 

The device consists essentially of two multiple-disk friction 
clutches of the dry type mounted tandem on a single sleeve 
which is fitted to slide, but not to turn, on a shaft that is 
directly coupled to the intermittent load. The driving clutch 
is shown at  A and the brake clutch, at B. The two clutches 
are built up in the usual form for disk clutches, that is, with 
two alternate series of disks, one keyed to  the driving mem- 
ber and the other to the driven member; one set is preferably 
faced with friction fabric. One series of disks in a set is pro- 
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vided with internal projections to engage longitudinal slots 
on the sleeve, while the other disks have external projections 
loosely fitting the internal slots of the driving and braking 
clutch drums. The projecting lugs on the disks are reinforced 
to provide greater bearing surface on the sides of the slots in 
which they travel. As both clutches are mounted on the same 
sleeve, and the outer part of the driving clutch is continuously 
driven, the sleeve becomes the driven member of the driving 
clutch and the driving member of the brake clutch. The driven 
member of the brake clutch is solidly bolted to the frame of 
the machine of which the clutch constitutes a part, so that, in 
reality, it is not driven, but acts as a brake to bring the sleeve 
to rest when this clutch is engaged. 

Both the clutch drums are built in skeleton form to facili- 
tate the egress of material wearing off the friction facings, 
and to permit of the easy application of castor oil t o  the fac- 
ings. I f  this treatment is not neglected, a set of facings may 
last two years or more in constant service, but, if the facings 
are allowed to become entirely dry, they will be less durable. 
The sleeve is provided with a flange on each end so that, when 
it is moved endwise, the disks of one of the clutches will be 
clamped between one of the sleeve flanges and the head of one 
of the clutch drums, while the pressure on the disks of the 
other clutch will be released. Movement of the sleeve in the 
opposite direction will release the disks of the first clutch and 
clamp those of the second. In the illustration, the parts are 
shown in the position of rest, or  with the driving clutch dis- 
engaged and the brake clutch set. 

The controlling mechanism is operated pneumatically and 
may be made automatic by connecting with other moving parts 
to actuate the valves. The actual movement of the sleeve 
which engages and disengages the clutches is derived from 
two opposed pneumatic cylinders and the connections shown. 
I t  will be apparent that the cylinders must work alternately, 
that is, when one is under pressure the other must be open or 
free to exhaust. The distribution of air is controlled by two 
valves, together with a series of interconnecting pipes. With 
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the valves in the "up" position, compressed air  is free to pass 
through the pipe t o  one of  the cylinders and to the top of 
the other valve for forcing it down, cutting off the air supply 
of the cylinder it serves, and opening it to exhaust. 

A small hole near the live-air inlet leads to the annular 
space below the valve proper, around the stem, and is open 
continuously, admitting air to hold the valve in the "up" posi- 
tion when so placed. As the only connections between the 
controlling valves and the cylinders are pipes, the control may 
be somewhat remote and placed in any convenient position. 
Experiments have been made to determine the practicability 
of operating the valves magnetically, and also of moving the 
clutch sleeve by means of magnets, but both have been found 
far  less efficient and much slower than air, the slowness of 
the electrical operation being due to the time required for the 
magnets to "build up." The drift of the shaft after the opera- 
tion of the stopping valve has been found to be very small and 
practically constant, the shaft stopping within a few degrees 
of the same position every time. Any wear of the friction 
disks or  their facings is automatically compensated for  by 
additional travel of the pneumatic pistons, so that mechanical 
adjustments are rarely required. 
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CHAPTER V 

ELECTRICAL TRIPPING MECHANISMS 

WHEN an automatic machine must be safeguarded in some 
way, electrical tripping mechanisms are sometimes preferable 
to purely mechanical devices. For some purposes a mechanical 
tripping mechanism would be so complicated as compared to 
an electrical device as to be inferior to the former, if not 
entirely impracticable. Another advantage of the electrical 
devices lies in the fact that they may in some cases, be used 
as a check on the accuracy of preceding operations and thus 
avoid finishing pieces of work that are defective. The appli- 
cation of electricity to automatic mechines may be regarded 
as a complication in itself, but this is far from being true if 
the tripping devices are properly applied. 

The following examples are typical applications of electro- 
magnetic tripping devices to automatic machines, and by study- 
ing these designs, one may readily understand how similar 
tripping mechanisms could be applied to other classes of ma- 
chinery. In most of these examples, the tripping devices con- 
stitute part of attachments for standard machines that were 
converted into "automatics." 

Methods of Closing Electromagnetic Circuit - A metallic 
cartridge shell is shown in Fig. 1 (view to right) in place on 
a machine which pierces the primer hole, and a shell is illus- 
trated a t  H on which the piercing operation has been per- 
formed. After the hole has been pierced, the primer is in- 
serted in the primer cavity J. These operations are performed 
on a standard Waterbury-Farrel cartridge primer. The shells 
were formerly placed on dial pins by hand and indexed under 
the cross-head for piercing and inserting the primer; they were 
then removed from the dial pins automatically. An improve- 
ment was made in the method of operation by applying an 
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automatic feed mechanism to place the shells on the dial pins, 
but this did not dispense with the necessity of an operator for 
each machine, as  there are three possible conditions that may 
result in the production of imperfect work: 1. The feed 
mechanism might fail to deliver the shell to the dial pin, or  the 
supply of shells might become exhausted, while primers would 
continue to feed and thus be wasted. 2. The piercing punch 
might break and the machine would then continue to  place 
primers in the cavities of shells which had not been pierced, 
and such shells would obviously be useless. 3. The primer 

Fig. I. Xrludnm for Clod- Circdt and Stopptng Machina tn Caar 
Punch Pail8 to Pietea tbe Shall 

feed might fail to work properly, or  the supply of primers 
might become exhausted. 

The application of a suitable electromagnetic tripping 
mechanism to this machine takes are of all of these contin- 
gencies. First, consider the possibility of the feed mechanism 
failing to deliver a shell to the dial pin. Referring to diagram 
A, Fig. 2, it will be seen that the shells are  carried on pins on 
the dial and are indexed under the punch a. If a shell is in 
its place on the dial pin, it contracts the spring b when the ram 
descends, but should the mechanism fail to deliver a shell to 
the pin, the sleeve g passes down over the dial pin and pushes 
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the upper contact d of the tripping mechanism down upon the 
lower contact e. This closes the electrical circuit and stops the 
cross-head on the upstroke. The contacts are fastened to the 
frame of the machine and the method by which the tripping 
mechanism operates will be described in detail later. 

The  way in which the piercing operation is safeguarded by 
the electromagnetic tripping mechanism is illustrated in Fig. 
1. The punch-holder A is located at the index point imme- 
diately after the completion of the piercing operation. If a 
shell is pierced, the pin B descends through the hole in the 
shell, a s  shown at the left of the illustration; but if the pierc- 

I I clou."us I I 

C I 
3 0 .  2 Circoit-clodog Device which Actm when Shell l u m  not been Placed 
on Dial Pln; (B) Trip which Preventm Pnmslng a Shell withoob a Rimer 

ing operation does not take place, the punch is held in the 
position indicated in the right-hand illustration, thus contract- 
ing the light spring C and throwing the lever D against the 
contact E. This closes the electrical circuit and causes the 
machine to be stopped so that shells cannot have primers in- 
serted in them when the primer hole has not been properly 
pierced. 

The failure of the machine to feed a primer into the primer 
cavity of the shell is guarded against by the mechanism illus- 
trated at B in Fig. 2. The design of this tripping mechanism 
is practically the same as that used to control the piercing 

operation, and will be readily understood without further 
description. 

Fig. 3 illustrates the mechanism used o n  a press for assem- 
bling the brass cups A and B, the cup A being inserted in the 
cup B. These cups are held in hoppers on each side of the 
machine from which they are taken by notched dials. The 

Fig. 3. Circuit-closing Device Uaad on Il(.chine for 
Aasembllng Shell8 A and B 

cups A are dropped into holes in the machine dial which passes 
over the dial carrying the cups B. The operation of the ma- 
chine will not be described; i t  should be mentioned, however, 
that a plunger descends in such a manner that  the cup A is 
forced into place in cup B. Several conditions may occur 
that will result in loss o r  damage. The  feed mechanism could 
fail to deliver either one o r  both cups to their respective dials, 
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or it could deliver them to the dials in an inverted position. 
Either the absence or inversion of either or both cups is de- 
tected by an electromagnetic tripping device which automatic- 
ally stops the machine until the error has been corrected. The 
punch C is located at an index point preceding the assembling 
punch, and is carried by a bracket which is fastened to the 
cross-head. In the case of an inverted cup, the punch C is 
held on the bottom of the cup and pulls the rod G down 
through the action of the pinion, which engages with rack 

FU. 4. Electromapetie Controller App1i.d to Power Ran for Omratin# Clsteh 

teeth cut in the rods C and G. The descent of the rod G 
causes the contact closer F to pull down the upper electrical 
contact until it closes the circuit and causes the machine to be 
stopped. 

The detail view at the right shows the punch and die when 
the feed mechanism has failed to deliver a cup to the dial plate. 
In this case, the upper electrical contact is pulled down by the 
contact closer H and causes the machine to be stopped as pre- 
viously described. 

Electromagnt?tic Controller. - Fig 4 shows the electromag- 
netic tripping device used on the machines referred to in the 
foregoing, for stopping the machine. In this illustration, the 
tripping device is shown in place on a power press equipped 
with a Horton clutch. The arrangement of the tripping 
mechanism will be more readily understood by referring to 
Fig. 5, which shows an end and cross-sectional view. This 
tripping mechanism is self-contained and can be applied to 
any style of press or type of machine. The bracket A carries 
the magnet B, pole-piece C, and levers D and E. The brass 
pole G is wound with No. 14 double-covered wire and the con- 

L I 
Ilg. 5. End and Croacmctloml Vie- of Bleetrom~notic  Controller 

necting wires extend through the back of the spool. The brass 
pins H help t o  support the pole-piece C and provide adjust- 
ment for different widths of air gap, which should be as small 
as possible. 

In order to start the press, the lever E is pulled down. This 
engages the flywheel clutch (see Fig. 4) and allows the spring 
J to pull the lever D over the hardened knife-edge, thus set- 
ting the pole-piece C at the proper working distance from the 
magnet. The inside dimensions of the device are given in 
Fig. 5. When the magnet is energized by two dry cells, it 
gives an initial pull of from twelve to fifteen pounds. As the 
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dry cells are used on open-circuit-except for the fractional 
part of a second during which the contacts meet-they have 
a long life. 

The initial pull provided by an electromagnet of this kind 
varies with the material used for the magnet and the pole- 
piece. Where cast iron is used, the pull of the magnet can 
be calculated by the formula : 

NI = 3000 Z - ~ P  + D, 
in which 

N = number of coils of wire on the spool (arnpere- 
turns) ; 

f = current in amperes; 
P = pull in pounds ; 
Z = air gap in inches; 
D = diameter of plunger in inches. 

The electromagnet shown in Fig. 5 was designed to give a 
pull of 15 pounds, and it will be seen that Z = 5/16 inch and 
D = 1.125 inch. Then: 

NI = 3000 X 5/16 4 1 5  + 1.125 = 3423.19 ampere-turns. 
Assuming that there are 375 turns of wire on a spool, the 

3423.19 
amount of current required will be found to be - = 9.14 375 
or, say, 10 amperes. Two good dry cells connected in 
series will average 15 amperes during their useful life and 
give a considerably higher current when new. As 10 amperes 
is sufficient to enable the electromagnet to do the work re- 
quired of it, it will be seen that an ample factor of safety is 
provided. When designing devices of this kind, moving wires 
and moving contacts should be avoided and the mechanism 
should be made as simple as possible. The dry cells should 
be used on open circuit, the contacts carefully insulated from 
the machine, and covers provided for contacts and terminals. 

Electric Stop for Drawing Presses. - The automatic elec- 
tric stop to  be described was designed for use on roll-feed 
double-action presses employed in the production of screw 
shells such as are used on incandescent electric lamp b u l b  

Fig. 6. Shell BIapLing m d  Drmwlng Die Equlpprb with ElecMc Wop 

and sockets. Each press was equipped with a gang or  mul. 
tiple die designed to blank and draw five shells a t  one stroke. 
In drawing the shells from 0.010-, 0.008- and 0.006-inch 
metal it occasionally happened that the bottom of a shell 
would be pushed through, as  shown in Fig. 6. If the press 
was not stopped immediately when this occurred, the scrap 
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shells would pile up on the die, frequently stopping the press. 
In such cases it was necessary to employ a long lever to re- 
lease the dies. The dies were often broken or otherwise made 
unfit for future work as a result of this treatment. 

The electric stop eliminated this trouble by automatically 
stopping the press whenever the bottom of a shell pushed 
through, thus making i t  possible for one operator to attend 
four presses, where it had previously been necessary to have 
an operator for each press. An electric bell was also placed 
on the presses so that the operator's attention would be called 
to a machine as soon as it stopped. The construction of the 
automatic stop is as follows: A collar B, Fig. 6, is attached 
tc each of the gang punches, and held to the push-pin A by a 
threaded dowel-pin C. This collar is designed to make contact 
between the brass springs H and L when the bottom of the 
shell is pushed through. Spring H is fastened to a brass 
block G, which is grounded on the press through the cutting 
punch-holder F. Spring L is prevented from grounding on 
the cutting punch-holder by the fiber blocks J and I. In order 
to prevent the screw that holds blocks J and I in place from 
making a short circuit between the punch-holder F and the 
contact L, an insulating bushing S was made of fiber and the 
screw inserted through this bushing. At  the outer end of 
spring L is placed a terminal post K to which is fastened a 
wire. This wire, in turn, is connected in series with contacts 
L on the other four punches of the same press as indicated in 
Fig. 9. 

Each press is also equipped with a make-and-break device, 
such as shown in Fig. 7. This device is provided with a 
plunger-holder A fastened to the blanking slide by the bracket 
C. When the slide is down within 1/16 inch of the bottom 
of the stroke, the spring-actuated plunger C makes contact 
with the brass plug D which is held in the fiber insulating 
block E. The fiber block is fastened to the frame of the press 
by the bracket F. By completing the circuit in this way, the 
electrically operated latch shown in Fig. 8 can be tripped only 
when the press is within 1/16 inch of the bottom of the stroke. 

- - 

Pig. 7. Hak~nd-break Contact Device Uned with Pro81 Stop 

The plunger-holder A is adjustable, however, so that this dis- 
tance can be decreased or increased, as the nature of the work 
may require. The rod that connects the clutch key and treadle 
of the press was replaced by a tripping mechanism. The clutch 
trip lever U is connected to the lever W by rod V.  The treadle 
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is also connected to lever W by rod X. When the treadle is 
pressed down by the operator's foot in starting the press, 
lever W is caught and held under roll Y on the electric latch. 
The clutch trip lever U is thus drawn down so as to clear the 
clutch key. When the latch is released, the levers fly up into 
the position shown by the dotted lines. The clutch trip thus 
engages the key and stops the press. If it is desired to stop 

FYg. 8, Preu Clutch Trip Opetated by Electric Labrh 

the press without releasing the electric latch, all that is required 
is a slight pull on the hooked end of lever W which has an 
elongated hole in it that permits a lengthwise movement of 
about 3/8 inch. 

The operation of the stop is as follows: Referring to Fig. 
6, the metal is fed under punch 0 which cuts the blank and 
holds it in the drawing die P; drawing punch D then descends 
and draws the shell. If the bottom of the shell is not pushed 

out, the press continues to operate. The make-and-break 
device shown in Fig. 7 makes a contact when the blanking 
slide is down within 1/16 inch of the bottom of its stroke and 
continues to maintain this contact until the slide is moved up- 
ward about 1/16 inch on the return stroke. The press is  so 
timed that although the drawing slide has a longer stroke, 
both slides start upward together and maintain the same speed 
for about 1/4 inch of the upward stroke. 

I t  is clear, then, that i f  the bottom of the drawn shell is not 
pushed out, the push-pin A, Fig. 6, will b e  held flush with the 

Fig. 9. Wiring Diagram of Blectrlc Stop System oa Oang Punch 

bottom of the drawing punch. Pin A must project from the 
punch end about 1/8 inch in order for collar B to make con- 
tact with springs L and H. As the drawing slide returns, the 
shell is stripped from the drawing punch by the bottom of 
the die P, and before the push-pin can drop so that i t  projects 
1/8 inch below the punch, the contact made by the make-and- 
break device is broken. I t  requires a movement of only 1/16 
inch to break the contact so that i t  is impossible to  trip the 
press automatically until contact is made again at  the end of 
the next downward stroke. 
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If the bottom of the shell is pushed out on the drawing 
stroke, push-pin A is permitted to drop and the collar B to 
make contact with the springs H and L, which results in re- 
leasing the electric latch Y shown in Fig. 8. When the elec- 
tric latch is released, the tripping levers on the press take the 
position shown by the dotted lines, causing the clutch trip 
to throw out the clutch and stop the press before another 
revolution is made. Some difficulty was experienced at first 
from the lubricant used on the metal being forced into the con- 
tacts and causing short circuits. A rubber washer N, Fig. 6, 
placed in the punch-block F prevented the lubricant from 
reaching the contact points and thus eliminated this trouble. 
When the end of a roll of metal is reached, the contacts act 
in the same way as when the bottom of the shell is pushed 
out, and stop the press. 

CHAPTER VI 

REVERSING MECHANISMS FOR ROTATING PARTS 

A REVERSAL of motion is essential to the operation of many 
different forms of mechanism. Machine parts having a rec- 
tilinear or straight-line motion must, of necessity, reverse their 
movement, and many rotating parts also revolve first in one 
direction and then the other. The reversal in some cases is 
applied to a single shaft or slide and, in other instances, an 
entire train of mechanism is given a reversal of motion. The 
types of reversing mechanisms vary considerably, both as  to 
principle of operation and as to  form o r  design. Some are 
so arranged that the reversal of motion occurs at  a fixed point 
in the cycle of movements, whereas, with other designs, the 
point of reversal may be changed by means of adjustable dogs 
or tappets which are attached to the movable part and control 
the action of the reversing mechanism. The adjustable type 
is required on some machine tools for varying the length of 
the stroke made by a cutting tool or machine table so that the 
stroke will conform to the length of the work. Reversing 
mechanisms also differ in that some are hand-controlled and 
others are operated automatically. 

Intermediate Spur Gears for Reversing Motion. - A simple 
method of obtaining a reversal of motion by means of spur 
gears is shown at  A and B in Fig. 1 ,  where the reversing gears 
used on some designs of lathe headstocks are illustrated dia- 
grammatically. The two intermediate gears b and c are 
mounted on a swiveling arm which can be adjusted for en- 
gaging either one of the intermediate gears with the spindle 
gear. When the gears are in the position shown at  A, the 
drive is from a through c to d.  When the arm carrying the 
intermediate gears is shifted as indicated at  B, the motion is 
transmitted through both intermediate gears or from a through 

161 



162 REVERSING MECHANISMS REVERSING MECHANISMS 163 

b and c to dl thus reversing the direction of rotation. This 
mechanism, as applied to a lathe, is used for reversing the 
rotation of the lead-screw when cutting left-hand threads. 

Another method of obtaining a reversal of rotation by 
means of an intermediate gear is illustrated by diagram C. 
In this case, there are two sets of gearing between the driving 
and driven shafts. For the forward motion, the drive is from 
gear e to f .  When the rotation of the driven shaft is to be 
reversed, gear e is shifted to the left and into mesh with the 

t I 

I I 
Pig. 1. Common Yethodm of O b W n i n ~  a Ravarul of Motion 

intermediate gear g, as shown by the dotted lines, so that mo- 
tion is transmitted through el g, and h. This general arrange- 
ment for obtaining a reversal of rotation is applied extensively 
to the transmission gearing of automobiles. 

Bevel-gear Type of Reversing Mechanism. -A combina- 
tion of three bevel gears, as illustrated by diagram Dl Fig. 1, 
is applied to many different classes of mechanisms for obtain- 
ing a reversal of motion, especially when the reversing action 
is automatically controlled. With the usual arrangement, 
gear j is the driver and it is constantly in mesh with the bevel 
pinions 1 and k. These bevel pinions are loose upon the driven 
shaft and have a clutch m interposed between them. This 

clutch is free to move endwise along the shaft, but it slides 
along a key or  feather which compels it to revolve with the 
shaft. Each bevel pinion has teeth corresponding to clutch 
teeth, so that the engagement of the clutch with either pinion 
locks it to the shaft. Since these bevel pinions revolve in op- 
posite directions, as indicated by the arrows, the rotation of 
the driven shaft is reversed as clutch m is shifted from one 
gear to the other. When the clutch is in the central or "neu- 
tral" position, it does not engage either gear, and no motion 
is transmitted to the driven shaft. Many of the reversing 
mechanisms which are equipped with this bevel gear combina- 
tion differ in regard to the method of operating the clutch. 
For instance, clutch m might be shifted by the direct action 
of a slide or table having a rectilinear motion, or  an auxiliary 
mechanism might be utilized to give the clutch a more rapid 
movement at the point of reversal. Some of these auxiliary 
features will be referred to later. 

Two-speed Reversing Mechanism of Bevel-gear Type. - On 
some classes of machinery, it is desirable to have a relatively 
slow motion in one direction followed by a rapid return move- 
ment, in order to reduce the idle or  non-productive period. 
One design of reversing mechanism of the bevel-gear type, 
by means of which a slow forward speed and a rapid return 
speed may be obtained, is illustrated at E in Fig. 1. In this 
case, there are two driving as well as two driven gears. The 
larger driver n is made cup-shaped so that a smaller driver o 
can be placed inside. When the clutch engages the smaller 
driven gear p, the fast speed is obtained, and, when the clutch 
engages gear q, the speed of the driven shaft is reduced an 
amount depending upon the ratio of the slow-speed gearing. 
Reversing mechanisms of this general type are not adapted 
for reversing the motion of heavy slides or work tables nor 
for fast-running machinery, because of the excessive shocks 
and stresses incident to a sudden reversal of movement in 
case of high velocities or heavy loads. 

Reversal of Motion with Friction Disks. -When motion 
is transmitted between shafts located at right angles to each 
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other by the type of frictional transmission shown in Fig. 11, 
Chapter XI,  a reversal of rotation is easily obtained. As disk 
B is shifted inward along the face of disk A, the velocity ratio 
is gradually reduced, and when disk B passes the axis of disk 
A, the direction of rotation is reversed. This form of trans- 
mission has been applied to  the feeding mechanisms of certain 
types of machine tools, and to other classes of machinery, 
especially where simplicity of design and ease of operation and 
control are essential factors. One method of arranging this 
form of drive, as applied to an automobile transmission, is 
to mount the driving member on a sliding shaft which enables 
the driving and driven disk to be readily disengaged, thus 
combining in one simple mechanism the clutching, speed- 
changing, and reversing functions. 

Reversal from Open and Crossed Belts. -Shafts are often 
connected with open and crossed belts for permitting a reversal 
of rotation. The arrangement is illustrated by the diagram F 
in Fig. 1. There are three pulleys on the driven shaft. The 
central pulley t is keyed or attached to the shaft, whereas the 
outer pulleys s and u are loose and free to revolve upon the 
shaft. When the "open" belt r is shifted onto the tight pulley 
t, the driven shaft revolves in one direction and its rotation is 
reversed when the crossed belt w replaces the open belt on the 
tight pulley. 

This form of drive is sometimes modified by having two 
pulleys on the driven shaft and a clutch interposed between 
the pulleys, so that either of them may be made the driven 
member. Thus, when the clutch is engaged with the pulley 
connecting with the open belt, the rotation is the reverse of 
that which is obtained when the clutch engages the pulley 
driven by the crossed belt. The countershafts for engine lathe 
and other machine tools which may require a reversal of move- 
ment are commonly arranged in this manner. Open and 
crossed belts are also applied to belt-driven planers for revers- 
ing the motion of the platen or work table. Many planer 
drives have pulleys which are so proportioned as to give a 
rapid return movement. A common arrangement is to place 

a central or tight pulley on the driven shaft which has two 
steps or diameters, the smaller one of which is for obtaining 
a fast return motion. Many modern planers are driven by 
motors which transmit power direct to the planer transmission. 

Incidentally, belt drives of the type referred to  are often 
used in place of gearing, for reversing heavy or fast running 
parts, because the belts slip somewhat if the load becomes ex- 
cessive, due to the stopping and starting at  the points of 
reversal, and this slipping action automatically protects the 
mechanism from injurious shocks or  stresses. 

Operation of Reversing Clutches.- When a reversal of 
motion depends upon the action of a clutch which is shifted 
from one gear to another revolving in a n  opposite direction, 
it is essential to  operate the clutch rapidly and to secure a full 
engagement of the clutch teeth. Provision should also be 
made against disengagement of the clutch as the result of 
vibrations incident to the operation of the machine. There 
are two common methods of controlling the clutches used in 
connection with the bevel-gear type of reversing mechanism 
illustrated at D in Fig. 1. One form of control may be defined 
as the swinging-latch type and the other as  the bevcled-plt~nger 
type. The general principle of operation is the same in each 
case, and is as follows: When the work table, or whatever 
part is to be reversed, approaches the end of its stroke, a spring 
is compressed, and then a latch or trip allows this compressed 
spring to suddenly and rapidly throw the reversing clutch from 
one gear to  the other. Reversing mechanisms of this general 
design are often called the "load-and-fire" type, because the 
spring is first loaded or compressed and then tripped to secure 
a rapid movement of the clutch and a reversal of motion at a 
predetermined point within close limits. The action of the 
compressed spring also insures a full engagement of the 
clutch teeth and prevents the clutch from stopping in the central 
or neutral position, which might occur if a spring were not 
used and the momentum of the part to be reversed were in- 
sufficient to carry the clutch across the space intervening 
between the two reversing gears. 
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Reversing Mechanisms of the Face Gear Type. -An inter- 
esting application of the face gear is shown in Fig. 2. The 
double spur pinion B, mounted on and keyed to shaft C, may 
be moved along its axis, thus engaging the "face gear" with 
step D as shown, or step E with the face gear at F. This is 
an economical and substantial means of reversing the direction 
of rotation. 

A face gear may be cut on a Fellows gear shaper. The 

teeth are cut on a face at right angles to the axis of the gear. 
They are produced by a cutter provided with involute teeth 

C I 

Pig. 2. Reterrible Pace O e u  Drive with S l i d l r ~  Dbabfr Phloa 

corresponding in number and outline to the teeth in the pinion 
that is to mate with the face gear. The cutter and work are 
geared t o  rotate in the ratio of their respective teeth, and as 
the cutter reciprocates in contact with the work teeth are de- 
veloped in the face gear by the molding-generating process. 

In order to operate properly with the face gear, the axis 
of the mating pinion must be located at exactly the same dis- 
tance from the face of the gear as the axis of'the producing 
cutter. Proper tooth action is obtained, regardless of the 
axial position of the pinion, assuming, of course, that it is 
not moved out of engagement. This is an important point 

since cone adjustment may be disregarded. These gears are 
adapted to ratios of 3 to 1 and higher. Drives of 1 to 1 ratio 
are unsatisfactory, since the active face width is too limited. 

Latch Type of Reversing Clutch Control. - The reversing 
mechanism illustrated in Fig. 3 is a bevel-gear type equipped 
with the swinging latch form of clutch control. This mecha- 
nism is applied to a cylindrical grinding machine for reversing 

Fig. 3. Spdne and Latch Type of Rererdng Clnteh Control 

the motion of the work table, and is located at the rear of 
the machine. The rockshaft H extends through to the front 
of the machine and has attached to it a lever which is engaged 
by dogs on the work table, the distance between these dogs 
being varied according to the length of stroke required. At 
the rear end of rockshaft H there is a lever G which, by means 
of link J, transmits motion to the reversing mechanism. As 
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the work table approaches the end of its stroke, lever G swings 
either to the right or left as the case may be. If the motion 
is to the left, tappet A, connected to link J, compresses spring 
L on the rod M and forces block D against a square shoulder 
on the lower side of latch B. Continued movement of tappet 
A to the left causes the beveled side of A to lift latch B, thus 
releasing block D, which, with rod M, is thrown rapidly to the 
left under the impulse of the compressed spring L. 

After the movement of shaft M to the left, the shoulder on 
latch C drops in behind block E. The fork N on rod M also 
throws shaft 0 to the left and with it the reversing clutch F 
which is keyed to this shaft. The motion which prior to 
reversal was transmitted through bevel pinion P to the main 
gear R is now from pinion Q to R so that the movement of the 
work table is reversed. When the work table approaches the 
end of its stroke in the other direction, tappet A is moved to 
the right, thus compressing spring S. Then latch C is lifted 
by the beveled edge on A and the parts M, N, and 0 are 
quickly shifted to the right by spring S, thus again reversing 
the motion. 

If the operator desires to stop the traversing movement at 
the end of the stroke, this may be done by the movement of a 
knob located in the center of the table-traversing handwheel 
a t  the front of the machine. This knob is connected with a 
plunger T which, by pressing the knob, may be held under 
pressure against the reversing clutch F. When this clutch is 
shifted a t  the end of the stroke either by springs L or  S, 
plunger T drops into a groove in clutch F, thus holding it in 
central or  neutral position. The knob previously referred to 
may be set at any part of the stroke to stop the traversing 
movement at the end of that stroke. The withdrawal of the 
knob again starts the traversing movement without requiring 
any further action on the part of the operator. The shaft 
connecting with bevel gear R extends to the front of the ma- 
chine and, through suitable gearing, transmits a rectilinear 
motion to  the work table of the grinding machine. This mecha- 
nism is an example of the "load-and-fire" type referred to. 

Beveled Plunger Control for Reversing Clutch- An ex- 
ample of the beveled plunger type of clutch control fo r  a 
reversing mechanism is shown in Fig. 4. This design is also 
intended for a cylindrical grinding machine. The point of 
reversal is controlled by the tappets A which are adjusted 
along the work table to vary the length of the stroke. These 
tappets alternately engage lever B a t  the ends of the stroke 
and, by swinging this lever about its pivot, shift bar C which 
transmits motion to the reversing clutch. If the work table 
is moving toward the right, the tappet a t  the left engages 

I I 
Plg. 4. Spring and Beveled P l n n ~ a  Control tor R o v e r r i ~  Clutch 

lever B as the table approaches the end of its stroke. The 
movements of the lower end of reversing lever B towards the 
left forces the beveled plunger D downward, thus compressing 
a spring that is located beneath it. When the point of the V- 
shaped end of lever B has passed the point of plunger D, the 
latter is suddenly forced upward by the compressed spring 
and lever B, rod C, and the reversing clutch are shifted rapidly. 

There is a certain amount of lost motion between the studs 
E on bar C and the reversing lever B. A s  the result of this 
lost motion, the clutch is not entirely disengaged until the 
V-shaped point of the reversing lever has passed the point of 
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plunger D; the reversing clutch is withdrawn slowly from the 
bevel pinion which it engages until the sudden action of plunger 
D causes it to shift rapidly into engagement with the oppo- 
site bevel pinion. The clutch is held in engagement until the 
next reversal of motion by the upward pressure of the plunger 
against the beveled end of the reversing lever B. With the 
particular design illustrated, the point of reversal can also be 
controlled by hand lever F which is connected to rod C; by 
placing this lever in a central position, the clutch is shifted 
to neutral and the movement of the work table discontinued. 

Controlling Point of Reversal by Special Mechanisms. - 
The points of reversal for a reciprocating slide are usually 
controlled by trip dogs mounted directly on the slide and 
adjusted to give the required length of travel or stroke. I t  is 
not always convenient, however, to control the reversal in this 
way. For  instance, i f  the operating slide is at the rear of a 
machine where the trip dogs cannot be adjusted readily, some 
form of mechanism which operates in unison with the slide 
may be used to permit locating the trip dogs at the front of 
the machine. A simple method of controlling the points of 
reversal from the front of the machine is applied to a certain 
design of cylindrical grinding machine. The wheel slide 
travels along ways at the rear of the machine and the length 
of stroke is regulated in accordance with the length of the 
work by two trip dogs mounted on a wheel or circular rack 
at the front of the machine. The shaft carrying this wheel 
extends through the machine and is connected by gearing, 
so that it has an oscillating or turning movement in first one 
direction and then the other, which movements correspond 
to, and are in unison with those of the wheel carriage a t  the 
rear. Worm teeth are formed on the periphery of the trip- 
dog wheel and the dogs are held in position by worms which 
may be lifted out of engagement when the dogs are to be 
adjusted considerably. The dogs alternately strike a tappet 
or lever which controls the movements of the reversing clutch. 

Another method of controlling the reversing points of a 
rear slide is by means of a shaft connected through gearing 
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with the reciprocating slide and having a t  the front end a 
pinion meshing with a sliding rack carrying the trip dogs. As 
the rear slide operates, it turns the pinion shaft in first one 
direction and then the other, which imparts a reciprocating 
motion to the rack. The trip dogs attached to the rack, by 
engaging a lever, cause a reversal o f  motion by means of a 
clutch-and-gear type of reversing mechanism. 

An indirect o r  independent method of controlling the points 
of reversal on an automatic bevel gear cutting machine is 

Fig. 5. Independent Method of Controlling Revernal of an AdJustnble 
Sllde on a Bevel Gear Cuffing Yachine 

illustrated in Fig. 5. The cutter-slide A must be set a t  an 
angle corresponding to the inclination of the gear teeth to  be 
cut, so that it would be difficult to have the trip dogs attached 
directly to this slide. T o  avoid such an arrangement, a sliding 
rack B is employed. This rack meshes with a pinion C which 
rotates in unison with the feeding of the cutter-sIide, since this 
pinion and the slide derive their motion from the same shaft. 
As pinion C rotates in first one direction and then the other, 
it traverses the rack B, which, by means of  the adiustable dogs 
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E, controls the action of the reversing mechanism enclosed at 
F. With this arrangement, the traversing movement of the 
rack can be made less than the travel of the cutter-slide, if 
this is desirable because of limited space. On the other hand, 
if the traversing movement of the slide is to be very short 
and it is essential to reverse it at a given point within close 
limits, the movements of the reverse controlling rack can be 

Fig. 6. Qulck Rsrerrlng Yecbanirm of Wlre-coiling Machine, which Prevent# Tunr 
of Wira hem Plllng V)on One Another at tha Coil Ends 

increased considerably as  compared with the motion of the 
cutter-slide. 

Quick-reversing Mechanism for Wire Coiling. - The rapid 
reversing mechanism to be described is embodied in a machine 
for winding coils having a number of layers one upon the 
other, as used in the electrical trade. As the device that guides 
the wire on the coil arrives opposite one end of the coil, in- 
stantaneous reversal of direction is necessary in order to 

avoid the turns of wire piling upon one another. The results 
obtained with this reversing mechanism are highly successful. 

The wire is fed from the supply drum over pulley A (see 
Fig. 6) and under pulley B and then on the coil spool. As 
the latter is not driven in a special manner, it is not shown. 
The two pulleys are kept very thin, so a s  to get close up to 
the flanges of the spool. These V-pulleys are mounted in the 
carriage C, which is capable of sliding along the guide rods D. 
Beneath these rods are located two lead-screws E of a pitch 
equal to that of the wire when wound on the spool. These 
are rotated in opposite directions. 

Suspended between the lead-screws is the lever F, which 
slides along the guide rod G. Embodied in this lever are two 
half-nuts H which, as the lever swings from one side to the 
other, engage alternately with the lead-screws E. Thus the 
lever will travel to the right or left according to which screw 
it is in mesh with. 

The top of the lever carries an extension I which engages 
in a slot in the base of the carriage C, thus giving it the neces- 
sary motion. I t  will be obvious that the peg I must be free 
to swing as the lever is moved, but must have no side play. 
Lower down on the lever is fixed a hardened steel rhombus- 
shaped part J. This is located at  an angle, as seen more clearly 
in the plan view. Beneath this is a hardened steel wedge K 
which is kept in contact with another inverted wedge L by 
means of the spring plungers M. 

I t  will be seen, then, that when one half-nut is in contact 
with a lead-screw the steel wedges either slide or  are ready to 
slide against each other. The method of securing the reversal 
will be more easily seen by examining the plan view of part J .  
Here part J, fixed to the lever, has moved along in the direc- 
tion of arrow x. By so doing and due to its angular location, 
it has compressed the right-hand plunger. At the same time 
it has reached the end of its traverse and the two wedges K 
and L are about to separate. 

Thus, at  this moment, part J will be forced by the plunger, 
in the direction of arrow y, and the half-nut will mesh with 
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the opposite lead-screw. The lever F will then immediately 
reverse its direction, and the cycle indicated will be repeated. 

For winding coils of varying length, it is merely necessary 
to  increase or decrease the length of the lower wedge L. As 
this device is automatic, except for the placing and removing 
of bobbins, and the starting of the wire, one operator can 
take charge of several wire coiling machines of this type. 

Mechanism for Shifting Open and Crossed Belts.-The 
open and crossed belts illustrated by diagram F, Fig. 1, are 
shifted automatically for obtaining a reversal of motion, when 
used to drive such machines, as planers, broaching machines, 
or  other classes of mechanisms which are designed for continu- 
ous operation and equipped with this form of drive. A side 
elevation and plan of the automatic belt-shifting device used 
on a planer is illustrated in Fig. 7. The shaft on which the 
belt pulleys B are mounted transmits motion to  the planer 

table A through a train of gearing which gives a suitable speed 
reduction. In order to reverse the motion of the work table, 
this entire train of gearing is reversed by alternately shifting 
the open and crossed belts onto the central pulley, which is 
attached to  the shaft. The length of the stroke is governed 
by the distance between the two dogs K which may be adjusted 
along a groove at the side of the table. The  2osition of each 
belt is controlled by a guide C having an opening at the end 
through which the belt passes. These two guides or shifters, 
which are in the form of bellcranks, are pivoted and the inner 
ends carry small rollers that engage a groove in the cam-plate 
D. This cam-plate is pivoted a t  E and is connected by a link 
F with the arm o r  lever G which is pivoted a t  N. 

When the planer is in operation, the table moves in a direc- 
tion depending upon which belt is on the tight pulley. When 
this movement has continued far enough to  bring one of the 
dogs K into contact with arm G, the latter is pushed over about 
its pivot, thus imparting a swinging movement to the cam- 
plate D. The groove in this cam-plate is so formed that the 
belt on the tight pulley is shifted to the loose pulley and the 
other belt is moved over to the driving position on the tight 
pulley. At the end of the return stroke, the other dog engages 
arm G, thus swinging the cam-plate in the opposite direction 
and again reversing the motion. 

Reversal of Motion through Epicyclic Gearing. - A train 
of epicyclic or differential gearing may be designed to  give a 
reversal of motion. This form of transmission has been ap- 
plied to some automobiles of the smaller sizes. The prin- 
ciple governing the operation of one of the earlier designs is 
shown by the diagram, Fig. 8. Two sets of differential gears, 
indicated a t  A and B, are mounted inside of drums. These 
drums may be revolved independently for obtaining the 
slow forward speed and a reverse motion, or  they may be 
locked together so as to revolve as a unit with the crank- 
shaft for obtaining the direct high-speed drive. The central 
gear a is the driver in each case, and is keyed to  the crank- 
shaft. The slow forward speed is obtained with the com- 
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bination illustrated at A. T o  obtain a reduction of speed, the 
internal gear b is held stationary by the application of a brake- 
band to its periphery; the pinions c carried by the driver mem- 
ber are then forced by the driving gear a to roll around inside 
of the internal gear, thus transmitting a slow rotary motion 
to the dnven member attached to the pinions. In order to 
obtain a reversal of motion through the combination of gear- 
ing illustrated a t  B, the disk carrying the pinions is prevented 
from rotating by the gripping action of another brake-band, 
so that the pinions merely revolve on their studs and rotate 
the internal gear in a reverse direction. In this case, the in- 

Fig. 8. Diagram Showing Arraneament of Eplcycllc Gearing ior 
Obtainln~ Forward and Reverae Motlonr 

ternal gear is the driven member and transmits motion to the 
driving sprocket. 

A reversal of motion may also be obtained with the train 
of epicyclic gearing shown in Fig. 9. In this case, there is 
no internal gear. Gear A is mounted on the sleeve of sprocket 
A1, gear D is keyed to shaft K, and gear F is attached to the 
extended hub of drum H. The three gears, B, C, and E are 
locked together and revolve upon a pin carried by drum G. 
A duplicate set is also located on the opposite side of the drum, 
as the illustration shows. When this drum is held stationary 
by a brake-band, gear A and sprocket A1 are driven at a slow 

forward speed through gears D, C, and B, gears D and A 
revolving in the same direction. The direct high-speed drive 
is obtained when clutch J is engaged, the whole mechanism 
then revolving as a unit with shaft K. When drum H is held 
stationary by a brake-band, gear D causes gear E to revolve 
about the stationary gear F in a direction opposite to the rota- 
tion of D; consequently, gear A is forced to follow in the 
same direction in which drum G and the planetary gears B, 

Fig. 9. Another Arrangement of Epicyclic Gearlng which Gives Forward and 
Reverae Motionr 

C, and E are moving, thus reversing the motion of gear A and 
the sprocket. 

Operation of Reversing-ratchet Pawl. - Fig. 10 shows a 
simple change in a ratchet movement which resulted in a 
more positive action. Originally, the arrangement was as 
follows: The ratchet wheel A, which is keyed to shaft F, 
served to impart motion to a sliding table (not shown). The 
motion of the shaft F was imparted to the table by means of 
gearing engaging with a rack on the under side of the table. 
The lever B was given an oscillating motion by a crank, to 
which it was connected by the connecting-rod E. The pawl 
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C, pivoting on the stud I, engaged the ratchet wheel A, the 
weight H serving to keep the pawl engaged. Originally pawl 
C was not slotted as shown, but carried pin K, the part D with 
its weight G not being used. As the table moved along, a dog 
on the edge struck pin K, and swung pawl C to the opposite 

Fig. 10. Revardng Ratchet. the hrl of which Ir Oprratrd 
by a Srinclng Webht 

side, reversing the rotation of shaft F and the movement of 
the table. 

In general, this arrangement operated satisfactorily, except 
on rare occasions, when the position of the dog on the table 
would be such as to swing pin K just far  enough to balance 
pawl C, when the movement of the table would stop until 
reversed by the operator. 

In order to overcome this condition, pawl C was slotted as 
shown, and the part D was added, pin K being a press fit in 
part D and sliding in the slot in pawl C. With this arrange- 

ment, pawl C, operating independently of part D, remains in 
contact with ratchet wheel A until the table has moved far  
enough to push pin K over so that weight G falls on the oppo- 
site side, the unbalanced effect causing pawl C to swing on 
stud I, and engage on the opposite side, producing a more 
positive effect than by swinging the pawl direct. 

Automatic Ratchet Rewersing Mechanism - The simple 
design of ratchet reversing mechanism illustrated in Fig. 11 
enables a ratchet wheel to be automatically reversed after 
making a predetermined number of revolutions, and the ar- 
rangement is such that the time of reversal or the number of 
revolutions made by the driven ratchet prior to reversal may 

be varied a t  will throughout a 
wide range. The double pawl 
A is carried by an oscillating arm 
(not shown), and this pawl en- 
gages the driven ratchet B. 
Mounted concentrically with B 
there is a smaller controlling 
ratchet C which is normally re- 

11. fitchat MIchanirm which strained from rotating by suit- 
r i l l  Aatornatlcally Reverse after 
~ l ~ j l u  Redetermined number of able frictional resistance. The - 

Revolution8 larger diameter of ratchet B 
prevents pawl A from engaging the smaller ratchet C, except 
when the deep notch D is reached by the pawl which then drops 
down into engagement with C. 

The reversal of motion is effected by the engagement of 
the extension on pawl A with one of the trip dogs E. The  
number of revolutions made by ratchet B prior to reversal 
depends upon the number of deep notches D and the position 
of the trip dogs E. When this mechanism is in operation, 
ratchet B receives an intermittent motion from the oscillating 
pawl A and the controlling ratchet C remains stationary until 
one of the deep notches D is engaged by pawl A; then ratchets 
B and C rotate together an amount depending upon the motion 
of the pawl. Controlling ratchet C then remains stationary 
until another deep notch is engaged. The repeated move- 
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ments of ratchet C each time the pawl drops into a deep notch, 
finally bring one of the trip dogs E into contact with the pro- 
jection on the pawl; the latter is then swung around so that 
its opposite end engages ratchet B and, consequently, the direc- 
tion of rotation is reversed. The time of reversal may be 
controlled by varying the distance between the trip dogs and 
by having one o r  more deep notches in the driven ratchet. 

Combined Reversing and Feeding Movements.- Some re- 
versing mechanisms are so designed that the longitudinal 
movement of a reversing rod is accompanied by a rotary 

L I 
PIE. 12. Revern Controlllmc M s c h r d a n  lo Alrrnged that Motion of Rev- 

Rod i s  Accornprnltd by A R o w  Movement for Feedl- Tool 

motion for imparting a feeding movement at the time reversal 
occurs. A reversing device of this kind, as applied to a Rich- 
ards' side-planing machine, is illustrated in Fig. 12. The 
saddle A is traversed along the bed B by means of a screw, 
the rotation of which is reversed by open and crossed belts 
that are alternately shifted from loose pulleys to a tight pulley 
attached to the screw. The two projecting arms C which are 
bolted to A strike dogs D mounted on rod E, which, by its 
longitudinal movement, actuates the belt-shifting mechanism. 
When rod E is shifted in a lengthwise direction, it is also 
given a rotary motion in the following manner: Within the 

bearing F there is a bushing having cam grooves cut into it, 
as shown by the enlarged detailed view. These grooves re- 
ceive rollers carried by a pin that passes through the rod E. 
With this arrangement, any endwise movement of rod E is 
accompanied by a rotary motion resulting from the engage- 
ment of the rollers with the helical grooves in the fixed bush- 
ings of bearings F. This rotary movement is transmitted 
through bevel gears to a rod G which imparts a downward 
feeding movement to  the feed-screw of the tool-slide, through 
the medium of ratchet gearing. 

Automatic Control of Spindle Reversal. - Fig. 13 repre- 
sents a sectional view through the bed of an automatic screw 
machine, beneath the headstock, and illustrates'the mechanism 
for automatically controlling the reversal of the spindle rota- 
tion. This machine is driven by a single belt pulley rotating 
at constant speed. The various movements of the machine, 
other than revolving the spindle, are derived from a shaft at 
the rear which rotates at a constant speed. On this shaft H 
is mounted a series of automatically-controlled clutches which 
are similar in action to those used on punch-presses. These 
clutches control the feeding of the stock, the opening and clos- 
ing of the chuck, the revolving of the turret, the reversing of 
the main spindle and the changing of the speed from fast to 
slow, or vice versa. This back-shaft H is connected by change- 
gearing through a worm drive, with a slow moving camshaft 
A at the front on which are mounted the cams for the turret 
and cross-slide movements and a series of dog carriers B 
carrying tappets or dogs which control the action of the dif- 
ferent clutches on the back-shaft. The ratio of the change- 
gears previously referred to determines the duration of the 
cycle of operations and, consequently, the length of time it 
takes to make a given piece of work. 

The main spindle is reversed by a clutch located between 
two clutch members revolving in opposite directions. The 
carrier B has an annular T-slot in which adjustable dogs like 
the one shown at  C are mounted. These dogs engage a tappet 
D on lever E, the rear end of which carries a screw F, the 
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cylindrical point of which enters a cam groove in clutch G. 
This clutch is mounted loosely on shaft H which revolves con- 
tinuously. A plan view of the cam is shown in detail above 
the end view. The cam groove is exactly the same on the 
other side as on the side shown, the clutch being arranged to 
engage each half revolution and then automatically disengage. 
The normal position of the pin F is in the recess a t  a. When 
it  is lowered entirely out of the groove by the action of dog 

Fig. 13. Arrangement for Automatfca1Iy Controlling Spfndle Rererul  

C on tappet D against the pressure of spring J, this releases 
clutch G, which is forced forward by a spring N coiled about 
the shaft, until it engages a mating member 0, fastened to 
shaft H, and begins to revolve. Meanwhile dog C has passed 
tappet D, allowing pin F to drop into the cam groove again. 
The clutch G, as it revolves, brings inclined face b of the 
groove (or a similar incline on the opposite side) into con- 
tact with F, and the continued revolution of G, through the 
action of this inclination on the pin, forces the clutch teeth 
out of engagement, stopping G again with the pin in position 

a as at the start. A cam P, also loose on the shaft H, is keyed 
to G. This cam engages a roll Q on the end of lever K, which 
operates a clutch fork, controlling the position of the main 
spindle clutch. When it is time to again reverse the spindle, 
another dog C is set in the proper position, and the clutch is 
tripped, revolving for a second time a half revolution and 
stopping, thus operating lever K and the spindle clutch to  
change the direction of the spindle rotation. This represents 
the normal procedure in cases where the time taken to make 
one piece is short enough so that the rotation of dog carrier B 
is reasonably rapid. For many pieces, however, this move- 
ment is so slow that dog C does not come out from under 
tappet D in time to allow pin F to drop into the cam groove 
before the clutch has made the required half revolution. I n  
such cases, incline b would pass without disengaging the clutch 
and pin F could not enter until the next recess came around 
and the next incline. b; hence the clutch would be stopped at 
the end of one revolution instead of. a half revolution. This 
difficulty has been very simply overcome by the following 
means : 

Tappet D is pivoted to lever E as shown, and is forced back 
against a shoulder to the position. indicated, by a spring M 
located in a drilled hole and pressing against a plunger bearing 
on D. This spring is of such strength as compared with spring 
J that the first effect of dog C, when it strikes D, is to move 
the latter backward without raising lever E. When D has 
been pressed so far back that it strikes the shoulder at the left,  
further movement being impossible, E is raised, pin F is with- 
drawn from the cam slot in the clutch G, and the latter is 
allowed to engage fixed member O on the shaft H, and starts 
to revolve. A cam surface c is provided on G which, imme- 
diately after the clutch begins to rotate, strikes pin F and 
depresses it still further, thus raising tappet D clear above the 
point of dog C, and allowing it to swing back to its normal 
position against the shoulder at the right under the influence 
of spring M. Lever E is then ready to drop instantly, as lJ 
and C are entirely clear of each other. As soon as the end of 
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cam projection c passes, F drops into the groove and the rota- 
tion of the cam is arrested after a half revolution, as required. 
When i t  is known that shaft H revolves at 120 revolutions 
per minute, so that the half revolution of G occupies but one- 
fourth second, it will be seen that the device has a difficult 
duty to perform, but operates in a very satisfactory manner. 

Automatic Variation in Point of Reversal.- One of the 
many interesting mecha- 
nisms found on textile 
machinery is the one em- 
ployed on fly frames for 
controlling the winding 
of the roving on the bob- 
bin. The bobbins are 
driven a t  a decreasing 
rate of speed as the di- 
ameter increases a n d 
they not only revolve but 
are given a vertical re- 
ciprocating motion, in 
order to wind the roving 
onto them in successive 
helical layers. This wind- 
ing of the roving onto 
the bobbin involves, in 
addition to decreasing 
the speed as the diameter 
increases, a decrease in 

FIG. 14. lechanirm for Vaninc  Point of the traversing speed of 
Rsrenrl  and Speed ot Rotation 

the bobbin and a gradual - 
shortening of the bobbin travel as one layer of roving is 
wound upon another. The bobbin should move a distance 
equal t o  the diameter of the roving while it rotates relative 
to the "flyer" a distance equal to one revolution; therefore, 
as the bobbin speed gradually diminishes, it is also necessary 
to decrease the rate of traverse, so that each layer of the 
roving will be coiled closely. The change in the point of 

reversal in order to shorten the stroke as the bobbin increases 
in diameter is required in order to form conical ends on the 
wound bobbin and a firm winding that will not unravel and 
cause trouble, such as would be the result of attempting to  
wind each layer the full length of the bobbin. These changes 
occur simultaneously, although they will be referred to sepa- 
rately in describing the "builder motion" illustrated diagram- 
matically in Fig. 14. 

The plates B and C engage a screw A, which has a right- 
hand thread extending along one-half its length and a left- 
hand thread, along the remaining half. These plates and the 
screw are traversed vertically with the bobbin carriage. The 
vertical shaft D carries a dog E having two arms located 180 
degrees apart. At  each end of the stroke, shaft D makes a 
half turn which motion is utilized for reversing the motion, 
for shifting the cone belt slightly in crder to decrease the 
speed, and also for  shortening the stroke of the bobbin. As 
the plates B and C move vertically, one end of the tumbling 
dog E bears against them until it slides off a t  one end. Prior 
to  the disengagement of the dog with one of the plates, gear 
F on the cone-pulley shaft revolves idly in a space on the rim 
of gear G where the teeth are omitted. There are two of 
these spaces located 180 degrees apart, as the illustration indi- 
cates. One of the projecting pins on the disk H at  the lower 
end of shaft D is in engagement with a lever J which has at- 
tached to it a spring that holds the lever aganst a pin and 
tends to  turn shaft D. When dog E slides off one end of a 
plate, shaft D is turned far enough by the action of the spring 
and lever J to bring gear G into mesh with pinion F; conse- 
quently, gear G is revolved one-half turn or until pinion F 
engages the space on the opposite side where there are no 
teeth. The partial rotation of shaft D shifts the reversing 
gears through a connection a t  the lower end and starts the 
bobbin carriage and plates B and C in the opposite direction. 
As the opposite end of the tumbling dog E swings around, it 
engages one of the plates and again causes a reversal of mo- 
tion as it slides off of the opposite end. 
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The shifting of the belt on the cone-pulley at each reversal, 
for  gradually decreasing the speed as the bobbin winding 
increases its diameter, is obtained by connecting rack M with 
shaft D through the pinion N and the train of gearing shown. 
This rack M has a fork attached to it that connects with the 
cone-belt, and it is traversed slightly each time dog E slides 
off a plate and allows shaft D to turn one-half revolution. 
The reduction in the length of the carriage traverse is ob- 
tained by revolving screw A at each reversal and thus short- 
ening the distance between the plates B and C. This rotation 
of the screw is effected by pinion P which engages rack M and 
transmits motion through the other gears shown to the exten- 
sion Q on the screw, which is made square and is free to slide 
through the gear hub as the carriage moves vertically. As 
the plates B and C are moved toward each other, the tumbling 
gear E has a shorter surface to traverse before it is disengaged. 
These two plates both move the same distance, so that the 
point of reversal decreases at each end and the bobbin is wound 
conical at both ends. The roving delivered by the front roll 
is either tightened or slackened by engaging pinion R with 
one of the three gears shown. 

Oscillating Mechanism which Varies Point of Reversal. - 
The intermittent reversing mechanism shown in Fig. 15 is 
an important part of a power-driven valve-grinding machine 
designed for automatically grinding-in any desired number 
of valves at one time. The grinding movements imparted to 
the valve consist of rotating the valve approximately two- 
thirds of a revolution in one direction, then reversing the 
direction of rotation for one-third of a revolution and so 
on, the point of reversal being constantly changed, a feature 
which tends to prevent the cutting of grooves by the abrasive 
grit. 

In addition to the reversing or oscillating movements, the 
valve is raised intermittently to allow the grinding or abrasive 
material to flow in between the seat and the valve. The vari- 
ous parts of the mechanism are designated by the same refcr- 
ence letters in the different illustrations. 

The shaft C of  the reversing mechanism imparts the oscil- 
lating movements to the valve-grinding spindles through bevel 
gears which are not shown as they do not affect this mecha- 
nism. A shaft driven from the reversing mechanism, is 

Fig. 15. Intermittent Reveralng Mechantmn 

equipped with cams which transmit the intermittent valve- 
lifting movements to studs in contact with the valve stems. 

Shaft I is connected with the lineshaft by a direct belt drive 
and is revolved continuously in the direction indicated by the 
arrow. Keyed to one end of shaft I is a disk having a small 
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gear 3 secured to it in an off-center position with respect to 
the shaft. The connecting-rod or link K has a bearing on the 
solid stub shaft of gear J at one end, and a bearing on the 
shaft L at the other end. Shaft L is journalled on an oscil- 
lating arm or pendulum M, the upper end of which pivots on 
shaft N. The gear 0 keyed to  shaft L is thus kept in 

Fi& 16. Diagram of Yechrnism Pig. 1% Showing Prrt. at  B e g h d ~  of POr+8td 
Drlrlng Yorsment in Pa11 Liner and at Beglnnlng of R e r e t ~  Mo~emOnt 

in Dotted Lines 

mesh with gear J at all times and has an oscillating movement 
similar to the pendulum of a clock, which results from the 
movement given shaft L by connecting-rod K. 

In addition to the oscillating movement, gear 0, with its 
shaft L, is rotated slowly by the driving gear or  pinion J ,  one 
revolution of shaft I being equivalent to one revolution of 
gear J under the usual operating conditions. Keyed to 

the rear end of shaft L immediately back of the oscillating 
arm M, is a pinion Q (see Fig. 16) which meshes with a gear 
P journalled on shaft N on which arm M is pivoted. The  
slow drive transmitted to gear 0 by gear J will also be trans- 
mitter to gear P. I n  addition to this drive, gear P is also 
revolved by the oscillating movement of gear Q keyed to 
shaft L, being revolved first in one direction and then in the 
other. The design of the gearing is so calculated that when 
the connecting-rod K moves forward, gear P will also be re- 
volved forward; that is, when the connecting-rod K moves 
from the position shown by the full lines in Fig. 16, to its 
extreme position to the right, there will be added to the slow 
driving movement of pinion J, through gears 0 and Q,  the 
driving action of the pendulum or swinging movement also 
transmitted by the teeth of gear Q. Thus, gear P is driven 
forward in the direction indicated by the full line arrow until 
the connecting-rod starts its backward movement at approxi- 
mately the position shown by the dotted lines in Fig. 16. 

On the back stroke of rod K,  gear P will be revolved in the 
opposite direction, as the driving speed in the reverse direc- 
tion, resulting from the oscillating movement, is much greater 
than the slow forward driving movement of the pinion J. 
Thus, the driven gear R on shaft C is revolved first in one di- 
rection and then the other, the gear ratios being so calculated 
that the valve-driving spindles will revolve approximately 
two-thirds of a revolution in the forward direction, then in the 
reverse direction for one-third of a revolution, but never 
reversing in the same position due to the constant flow forward 
drive of gear J .  These oscillating gear movements can be 
adapted for purposes other than that described. The com- 
plete valve-grinding machine is patented and was designed 
for a large concern engaged in the manufacture of tractors. 

Reversing Shaft Rotation After Eight Revolutions. - The 
shaft reversing mechanism to be described is used in the 
construction of a washing machine. T h e  principal driving 
members consist of the commonly employed gear and double 
pinions, the latter being located diametrically opposite each 
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other. The reversing parts are of simple construction and 
are designed to eliminate wear and friction as far as possible. 
They have been found to work faultlessly and are positive 
in their action. The same reference letters are used on the dif- 
ferent views of Fig. 17 to denote the same parts. 

Fig. 17. Mechanlmn U ~ e d  on Washlng Machine for Rererrlng Banal after Eight 
Revolutions In Each Direction 

The cast-iron housing H carries the vertical shaft GI, which 
connects the main gear G with the drum on the washing ma- 
chine. The two pinions A and E run on the horizontal shaft 
F which is connected with the motor or power source. This 
shaft is provided with a key-slot and key D upon which the 
double-ended clutch jaw R slides. The center of this clutch 
jaw is recessed to receive a semicircular hushing 0. This 
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bushing has a square section on its outer side which is in con- 
tact with the starting and stopping lever N. The hushing 0 
is provided with flanges on both sides which keep lever N 
in its proper position. 

Another lever Q swivels on a stud S driven into gear G. 
Movement is imparted from lever N to lever Q by a pin P 
which is driven into lever N. This pin extends down into a 
recess in lever Q and works against two shock-absorbing 
springs K, one spring being located on each side of the recess. 
Gear G carries, besides stud S and reversing lever Q, the two 
cams J and M located in slots which extend below the gear and 
toward the center. These cams are  arranged diametrically 
opposite each other and are pivoted on their respective studs 
I and L. 

On the upper side of the cams are located lugs Y and Z 
which at intervals come in contact with lugs W and X, the 
latter being cast on the extensions of pinions A and E. The 
purpose of the cams is to push lever Q over the center, one 
cam coming into action when the main gear is revolving to 
the right and the other when it is revolving to the left. Thus 
when cam M is in the position shown with lever Q over to 
the left of the center, lug Y comes in line with lug CV on pin- 
ion A at a certain moment. When this happens lug W pushes 
the cam down and this, in turn, forces lever Q over the center 
to a similar position on the right, carrying with it the other 
movable parts-pin P, lever N, bushing 0, and clutch jaw B. 
The latter member is now disengaged from pinion A and 
engaged with pinion E, thus imparting the reciprocating or 
reversing motion to gear G. 

When lever Q moves over to the right i t  also pushes cam J 
up into a new position, ready to act similarly to the other cam. 
To  ohtain a good working action, there must be a certain 
ratio between the gear and the mating pinions, and this ratio 
must be based on the number of  revolutions which the washing 
machine barrel is required to make before reversing. In  this 
case eight revolutions are chosen for half a period, or double 
that (sixteen revolutions) for  one whole period. T o  obtain 
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this, the ratio must be 8 to 23. The number of teeth in this 
case is 16 for the pinions and 46 for the gear. Another thing 
to be taken into consideration is the location of the lugs on 
the pinions. The diagram in the lower right-hand corner of 
the illustration shows the relative positions of these lugs in 
regard to each other and also to the cams. Assume that the 
barrel of the washing machine has completed one period of 
sixteen revolutions and is ready for the next period, and that 
the gear will now revolve in the direction indicated by the 
arrow for the next eight revolutions. After completing the 
eight revolutions, the direction of rotation is reversed by 
means of lug J1, which comes in contact with cam El.  To 
obtain this action, the gear and pinions must be so assembled 
that lug J, lacks just two tooth spaces of making contact with 
cam El ,  when lug A1 is in contact with cam MI,  as illustrated. 
When the required eight revolutions are completed, lug A1 
again comes in contact with cam M1 and the motion is reversed 
again for the next eight revolutions. 

A coil spring R, holds lever N in the required position on 
each side of the center. This spring is seated at  point V on 
the housing, and is guided on the lever by means of a pin U. 
Lever N is mounted on a pin T located diametrically opposite 
point V on the housing. The lever is extended outside the 
casing so that the operator can get a good grip on it for start- 
ing and stopping the mechanism. 

Reversal of Motion after Predetermined Number of Revo- 
lutions up to 100,000.- With the mechanism illustrated in 
Fig. 18, a driven shaft may be reversed after making any 
predetermined number of revolutions from 1 to 100,000 and 
the motion may be discontinued entirely after the shaft has 
made any given number of reversals up to 10,000. This 
mechanism was applied to a textile machine. The reversing 
shaft A is driven from the vertical shaft shown through either 
one of the miter gears B which revolve in opposite directions 
and are alternately engaged with the shaft by the sliding 
clutch C. The reversal of rotation after a predetermined 
number of revolutions is controlled by a system of ratchets 
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and pawls. Another ratchet-and-pawl mechanism is also 
utilized for stopping the rotation of A after a given number 
of reversals, by placing the shifting clutch C in the central 
or neutral position. 

The lower miter gear D has a cam which engages the rollers 
on the upper ends of bars E. The lower ends of these bars 
oscillate the rockers F which carry two sets of pawls, GI and 
G2. The set of four pawls G1 at the left is in the operating 
or  working position, as shown in the illustration. There are 
four pairs of ratchets HI, Hz, Ha,  and H4. The teeth of each 
pair of ratchets are cut oppositely and the four pawls on one 
side of the ratchet shaft are for engaging the ratchets which 
control the number of revolutions made by shaft A in one di- 
rection, whereas the four pawls on the other side of the shaft 
are for operating the reverse motion ratchets. These ratchets 
operate progressively and transmit motion to disks 11, 12, l a ,  

and I,. These disks have projections or cam surfaces J, which 
serve to shift the reversing clutch C after shaft A has made 
a predetermined number of revolutions, which number is regu- 
lated by adjusting the ratchets before the mechanism is put 
into operation. This system of cam disks and ratchets will 
be referred to as the "combination." 

Each ratchet has 20 teeth with one deep cut or tooth. Each 
tooth of ratchet H, is equivalent to 8000 revolutions of shaft 
A; each tooth of ratchet H, is equivalent to 400 revolutions; 
each tooth of ratchet Hz, 20 revolutions; and each tooth of 
ratchet HI is equivalent to one revolution of shaft A. The 
mechanism is set for a given number of revolutions by turn- 
ing each ratchet so that the deep tooth is away from the oper- 
ating pawl a certain number of teeth, the number depending, 
in each case, upon the number of revolutions of A represented 
by each tooth. For instance, to set the combination for a 
reversal of motion after shaft A makes 49,763 revolutions, 
ratchet H, is so located that there are six teeth between the 
operating pawl and the deep tooth; these six teeth are equiva- 
lent to  48,000 revolutions of A. Ratchet HI is then set at 
four teeth, representing 1600 revolutions of A; ratchet H1 

is set at eight teeth, equivalent to 160 revolutions of A, and, 
finally, ratchet H1 is set at  three teeth, representing three revo- 
lutions of A. The mechanism is now set for  a total of 48,000 
+ 1600 + 160 + 3 = 49,763 revolutions. 

After the mechanism has been set in the manner described, 
its action is as  follows: The pawl G1 which is actuated once 
for every revolution of gear D, drops into the deep tooth or 
notch of ratchet H1 after engaging three teeth on HI, since, 
in this particular case, this ratchet was adjusted so that there 
were three teeth between the pawl and the deep tooth. As 
soon as this deep tooth is engaged by the pawl, the ratchet Hn 
is turned a distance equivalent to one tooth; ratchet H ,  
then remains stationary until H1 has made a complete turn 
and its pawl again drops into the deep tooth, when H, is again 
moved one tooth. The pawls are so located that the first one 
must engage the deep notch before the next successive pawl 
can engage its ratchet at all, and the relation between the other 
pawls is the same. Ratchet Ha continues to be moved a single 
tooth for each complete revolution of H1 until it has moved 
eight teeth, in this particuEar instance. The pawl of H2 then 
drops into a deep tooth and ratchet Hs is moved one tooth. 
Ratchet HJ now remains stationary until HI, by the continued 
action of HI, makes a complete revolution, when Hs is moved 
another tooth. After Ha has moved a distance equivalent to 
four teeth, its pawl, in turn, drops into the deep notch, and 
ratchet H4 is turned one tooth. A complete revolution of Ha 
turns H, another tooth and, when H ,  has moved six teeth, in 
this case, the shaft A will have made a total of 49,763 revo- 
lutions. 

This result will be verified in order t o  more clearly show 
the action of the mechanism. As previously mentioned, each 
ratchet has 20 teeth. Each tooth of HI represents one revolu- 
tion of shaft A and the movement of three teeth prior to  en- 
gagement with the deep notch equals three revolutions. Since 
H, is set for a movement of eight teeth, MI  will have to make 
eight complete turns, which will be equivalent to 160 addi- 
tional turns of A. Now the four complete turns of H z  neces- 
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sary for moving Hs four teeth require 4 X 20 X 20 or 1600 
additional turns of A, giving a total of 1763 revolutions. 
Finally, the movement of H ,  six teeth requires 6 X 20 X 20 X 
20 = 48,000 additional turns of A, so that the total number 
of revolutions made by A prior to reversal equals 49,763, 
when the ratchet mechanism is set as previously described. 

The progressive action of the ratchets gradually revolves 
the cam disks preparatory to shifting the reversing clutch. 
The cam J on disk I, first engages and lifts the floating lever 
K1 at the left-hand end and the lever L one-half as much. 
When the other cam disks act upon K1 and K2, these levers, 
together with part L, are lifted the full amount and spring 
balls in L cause it to be thrown quickly into mesh with the 
clutch C. This clutch is threaded and two threads are also 
formed on the upper side of part L. As levers K,, Ks, and 
part L are contained in a carriage M ,  all are constrained to 
move parallel to the axis of shaft A, because of the action 
of the screw threads on clutch C. This results in breaking 
the combination; that is, the floating levers are all removed 
from the cams, the four pawls GI are disengaged from their 
ratchets, and the idle set of pawls G, comes into action, 
thereby reversing the rotation of the controlling mechanism. 
As soon as the travel of carriage M is completed, which re- 
quires 1% revolution of the clutch, the latter is constrained 
to act along the threads on L while making one revolution, 
until feathers attached to the clutch over-ride the spring balls 
in shaft A; the clutch is then instantly thrown out of mesh 
with one bevel gear and into mesh with the other, thereby 
reversing the rotation of shaft A. Just as the clutch starts 
this rapid shifting movement, the cam on gear D engages 
one of the rollers N on part L and throws the levers all down 
and the threads on L out of mesh with the clutch. 

The rotation of shaft A is stopped after a predetermined 
number of reversals by means of a separate mechanism which 
arrests the movement of carriage M midway of its travel. The 
worm threads on clutch C then act upon part L and withdraw 
the clutch until it is out of engagement on one side and can- 

not engage on the other. Carriage M is stopped by a pin 0 
which drops into a groove in M after the four ratchets P, 
having ten teeth, are properly aligned as regards a deep notch 
in each ratchet. These ratchets are operated consecutively 
by a stepped four-fingered pawl on R through the medium of 
a pin connecting with M. 

The three diagrams in the lower part of Fig. 18 illustrate 
the systems of gearing controlled by the mechanism described 
in the foregoing. The requirements, as illustrated by these 
three diagrams, are as follows : 1. That a reversing gear shall 
drive two others continuously in the same direction but in 
opposite directions relative to each other. 2. That a reversing 
gear shall drive one of the two gears continuously in the same 
direction and the other in the same direction as that of the 
reversing gear. 3. That a reversing gear shall drive one gear 
continuously in the same direction and shall drive two others 
alternately in the same direction as itself. The full arrows 
and the full circles on these diagrams belong together, and 
likewise the broken or dotted lines and arrows. The full 
lines connecting the centers indicate that those gears are linked, 
whereas the broken lines denote spring connections. The 
movement of the reversing driver and the friction of the links 
swing the idler gears. 
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CHAPTER VII 

OVERLOAD RELIEF MECHANISMS AND 
AUTOMATIC SAFEGUARDS 

SOME tripping or stop mechanisms are designed for ma- 
chines requiring an automatic safeguard either against over- 
loads and resulting excessive strains on the machine parts or 
as a means of protecting the machine against some other 

dangerous operating condition. 
A tripping mechanism of this 
general class may be so arranged 
that it will transmit power un- 
der normal conditions but dis- 
connect the driving and driven 
parts i f  the resistance or strain 
becomes excessive, thus safe- 
guarding the machine from in- 
jury. Automatic trip mecha- 
nisms are also utilized in some 
cases to prevent excessive speeds, 
or possibly for stopping the ma- 
chine automatically i f  a part be- 
ing operated upon is not in the 
proper working position. The 
following. exam~les  illustrate " 

Fi 1 S rocket Drhen Through 
kinarhf)ch Break8 In 12.~6 ~i typical applications of different 

Excerslve Overload 
types of automatic safeguards. 

Breakable Pins to Prevent Excessive Overload.- Some 
types of machines are so arranged that any unusual resistance 
to motion will automatically stop either the entire machine 
or whatever part is affected, in order to prevent damaging the 
mechanism or straining it excessively. A simple form of 
safety device consists of a pin which shears off or break5 in 

case the overload becomes excessive. The  sprocket A shown 
in Fig. 1 is provided with a pin of this kind. This pin C con- 
nects the driving hub B with the hub of the sprocket. The 
sprocket, instead of being keyed to the shaft, is loosely 
mounted on it, and the hub B is keyed to the shaft instead. 
The pin C is grooved or reduced in diameter a n  amount de- 
pending upon the maximum amount of power to  be trans- 
mitted. If this pin is subjected to an unusual strain, i t  will 
break, thus leaving the wheel free and protecting the driven 
parts. 

This same method of protection against overload has been 
applied in various ways, and, while it is simple, there are cer- 
tain disadvantages. In order to avoid replacing a broken 
pin, the machine operator sometimes inserts a pin that is 
stronger than it should be to afford adequate protection against 
injurious strains. The ideal safety device is one which does 
not break in case of overload, but simply disengages and is 
so arranged that it can readily be re-engaged. In electrical 
work, this principle has been applied by substituting circuit- 
breakers for fuses which melt when the current becomes 
excessive. 

Automatic Clutch Control to Prevent Overload. - The prin- 
ciple governing the operation of an automatic device for dis- 
engaging a clutch when the overload becomes excessive is 
illustrated by the diagram, Fig. 2. This mechanism was 
applied to a metal-cutting machine, the object being to auto- 
matically disengage the feed in case the resistance to the rota- 
tion of the tool becomes abnormally high. The mechanism 
is also arranged to reverse the feeding movement if, for  any 
reason, the excessive resistance should continue after the feed 
has been disengaged. The spindle to which the cutting tool 
is attached is represented at  A. This spindle is driven through 
worrn-wheel M and worm L from the driving shaft B, which 
receives its motion from a countershaft through a belt oper- 
ating on pulley K. The driving shaft B is free to  move in a 
lengthwise direction within certain limits. The clutch C is 
keyed to this shaft so that it will rotate and move axially with 
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the shaft. The gears D and F on each side of clutch C are 
free to  revolve upon the shaft, but are prevented from moving 
in a lengthwise direction. The inner side of each gear is pro- 
vided with clutch teeth corresponding to those on clutch C, 
which is used to lock either gear to shaft B. The shaft I,  
which transmits feeding movement to the cutting tool, is driven 
either through gears D and E or through gears F, P, and H .  
When clutch C engages gear D, the cutting tool is fed for- 
ward by shaft I ,  and a reversal of the feeding movement is 
obtained when clutch C is shifted into engagement with gear F. 

PIC. 1. Deriea for Antamatfully Stopplng Feeding Motion when 
Redrtmee O Rotation Bewmem Exceralre 

When clutch C engages with gear D, excessive resistance to 
the motion of the cutting tool will cause the clutch to be 
shifted to the neutral position, thus stopping the feeding move- 
ment. This automatic action is obtained as follows: The 
shaft B is normally held by spring N in such a position that 
clutch C engages gear D, so that the feeding movement is for- 
ward. The tension on this spring is regulated by the nut 
shown. In case the resistance to the rotation of the cutting 
tool and spindle A should become excessive, the pressure be- 

tween the teeth of the worm L and the worm-wheel M causes 
the worm to move in the direction indicated by the arrow, 
the worm-wheel acting somewhat like a nut. This lengthwise 
movement of worm-wheel L and shaft B, against the tension 
of spring N, disengages clutch C from gear D and stops the 
feeding movement. If the resistance to rotation again be- 
comes normal, clutch C is automatically returned into engage- 
ment with gear D. On the other hand, if the resistance to 
rotation increases, clutch C may be drawn over into engage- 
ment with gear F,  thus reversing the feeding movement. 

Overload Relief for Worm Drive. - Other mechanical de- 
vices for automatically disengaging the driven member when- 
ever the resistance to motion increases excessively are shown 
at A and B in Fig. 3. These devices operate on the same 
general principle as the one previously described, but differ 
somewhat in regard to the arrangement. The mechanism 
illustrated by diagram A is designed to  allow a worm-wheel 
to make on revolution and then stop; the movement, how- 
ever, may be discontinued before the revolution is completed, 
if the resistance to rotation becomes excessive. The sleeve a 
is revolved constantly by a pulley on its outer end. The inner 
end of this sleeve has clutch teeth intended to engage cor- 
responding teeth on the end of sleeve b. The latter is attached 
to the shaft and both are free to move slightly in an endwise 
direction. The body of sleeve b is threaded to form a worm 
which engages worm-wheel c. The spring e tends to shift 
sleeve b to the left and into engagement with clutch teeth on 
sleeve a. The stop at d is utilized in this particular case to 
disengage the driving clutch after the worm-wheel has made 
a revolution. If stop d is withdrawn, the spring e revolves 
the worm-wheel slightly and moves the worm and clutch b to 
the left and into engagement with the constantly revolving 
clutch a. The worm-wheel then begins to revolve and con- 
tinues until the lug g strikes the stop d or  until some unusual 
resistance too great to be overcome by the spring is encoun- 
tered; then, as the worm-wheel remains stationary, it forms 
a nut for the worm which screws itself out of engagement 
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with clutch a. The strength of spring e is proportioned with 
reference to the safe or maximum load to be transmitted. One 
of the advantages of this type of mechanism is that the motion 
is positively transmitted until an excessive load causes the 
driving clutch to be disengaged. Provision may readily be 
made for the adjustment of spring e so that the tension can 
be varied according to conditions. 

Diagram B, Fig. 3, illustrates a modification of the same 
general type of mechanism. The shaft m is free to move 

Pig. 3. (A and B) Devices for Automatically Dlsengaglng the Drlven Member 
whenever Reslstance to Motion Increases Excessively; (C) hlct lon Gearing 

Dellgned to Varp Contact Pressure Accordlng to Load 

slightly in an endwise direction and is keyed to the tapering 
disk h, which fits into a seat of corresponding taper in the hub 
of gear n, thus forming a friction clutch. Motion is applied 
to gear n and is transmitted by worm j to a worm-wheel (not 
shown), for any desired purpose. Shaft m turns freely in 
the hub of gear n, but is attached to worm j .  The lever k, 
which has a spring fastened to it above the fulcrum or pivot, 
supplies the necessary amount of thrust to keep h in engage- 
ment with n under ordinary conditions. This thrust may be 
regulated by the thumb-screw 1 which changes the position of 

the block to which the spring is fastened. If the resistance 
to the motion of the worm-wheel becomes excessive, the worm 
moves bodily along the teeth of the wheel, as though it were 
a nut, and, by moving shaft m and disk Iz to  the left, disen- 
gages the friction clutch. The endwise thrust from lever h 
might be obtained by means of a weight instead of a spring. 

Pressure of Friction Gearing Varied According to Load. - 
A novel design of friction gearing, in which the pressure be- 
tween the two friction wheels is automatically regulated by 
the amount of power transmitted, is shown at C in Fig. 3. 
The wheel w which is the driver revolves in the direction shown 
by the arrow. The driven pinion t is free to either rotate or 
slide in a lengthwise direction upon shaft r within certain 
limits. This shaft has a screw of coarse pitch which passes 
through nut s. This nut slides in grooves in the friction pin- 
ion t so that the pinion and nut revolve together. A spiral 
spring p inserted between nut s and the pinion forces the lat- 
ter against the driver w with a pressure depending upon t h e  
position of the nut. If wheel w is revolving in the direction 
shown by the arrow and the driven shaft meets with an un- 
usual degree of resistance to rotation, as soon as shaft r lags 
behind or  stops revolving, nut s moves downward, owing t o  
the action of the screw, and increases the compression on 
spring p and also the pressure between pinion t and wheel w. 
When the resistance to rotation again becomes normal, the 
spring moves the nut slightly upward and reduces the endwise 
thrust. While this device may not be entirely practicable, i t  
embodies an interesting principle. 

Cam and Spring Type of Overload Release Mechanism. - 
The valve driving mechanism of a certain rotary valve typc  
of gasoline engine is provided with an automatic release mecha- 
nism as a safeguard in case the rotors should seize, due to 
a failure of the oil or  water supply. The crankshaft trans- 
mits motion to hollow shaft A, Fig. 4, through a pair of bevel 
gears, and this motion is transmitted through pin B, sleeve 
C, and pin D to shaft E, which turns the rotors through an- 
other pair of bevel gears. Hollow shaft A fits over an exten- 
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sion on shaft E, and is held against endwise movement by a 
thrust collar. 

Pin B engages a slot in sleeve C, this slot being similar in 
form to  the well-known bayonet lock. Pin D in shaft E en- 
gages a cam surface formed on the end of sleeve C. The sleeve 
is held firmly against pin D by spring F, the tension of which 
may be adjusted by changing the position of collar G. A 
ball thrust bearing H is located between the spring and 
sleeve C. 

Normally, the entire assembly rotates in the direction indi- 
cated by the arrow, and it will be evident that sleeve C tends 
to slide downward, as pin B bears against an inclined surface 
K and pin D bears against an inclined surface L. Ordinarily, 
however, sleeve C is prevented from sliding downward by the 
upward pressure of spring F. 

If the torque reaches the danger point, the spring thrust is 
overcome and sleeve C moves downward far enough to release 
pin D, which moves along a slight rise and finally disengages 
pin B from slope K, thus allowing the level surfacc M to en- 

gage pin B, which now rests against the end of the slot. Pin 
B holds sleeve C in this released position, and rotation of A 
and C continues while shaft E remains stationary. 

T o  re-engage the drive, the crankshaft is given a few back- 
ward turns. As shaft A revolves sleeve C, due to the upward 
pressure on pin B and the frictional resistance between B and 
C, surface N comes into contact with pin D. At this point, 
any further turning movement would force sleeve C down- 
ward. However, the resistance between pin B and surface M 
is slight in comparison with the force required to rotate sur- 
face N beneath pin D. Therefore, shaft A and pin B turn 
until the pill engages the lower part of this slot and is again 
in the driving position. The clicking sound made by the drop- 
ping of pin B shows that it is unnecessary to continue turning 
the crankshaft backward, although more turns than required 
will do no harm, because each succeeding revolution simply 
results in forcing the sleeve downward as surface N engages 
pin D, the sleeve snapping upward into place again when pin 
D passes surface L. 

This mechanism automatically retimes the rotary valves as 
well as the ignition, because the various parts always occupy 
the same relative positions when the forward drive begins. 
The special sleeve shown at Q is intended to provide the auto- 
matic release, regardless of the direction of rotation. While 
this design Q is not actually being used, it doubtless would be 
satisfactory, as the principle of operation is the same. The 
cam surfaces are altered to provide release in either direction 
of rotation and to permit re-engagement by turning backward 
relative to the direction for driving. 

Sensitive Tripping Clutch for Delicate Machinery, - A sen- 
sitive tripping clutch designed for use on delicate machines 
of various classes, and whenever quick disengagement is re- 
quired, is so arranged that the tripping action can be con- 
trolled automatically by whatever method is most suitable for 
the particular application. 

The driving shaft Dl Fig. 5, transmits motion to the driven 
sleeve A through engaging clutch teeth which give a positive 
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drive. When the clutch is to bc tripped to stop the rotation 
of the driven sleeve, a tripping pawl engages a notch in trip- 
ring H, which instantly disengages the driving and driven 
members, as described in detail later. 

One arrangement of the tripping pawl T is shown in Fig. 7 ;  
this view includes ring H of the clutch in order to illustrate 
clearly the general arrangement. When pawl T engages one 
of the notches in ring H, as shown, the clutch is tripped. Just 
how this tripping action occurs will be apparent by referring 
to the details of Fig. 5. The driving shaft is connected to 

sleeve E by pin F, and in sleeve E there are four driving pins 
G. These pins engage teeth on the small diameter of throw- 
out cam B. The cam (which is shown in detail at B, Fig. 6) 
is secured to the driven sleeve A by four pins J, Fig. 5, in such 
a manner as to allow cam B to slide axially. When in the 
running position, cam B is held in engagement with driving 
pins G by spring K. 

Trip-ring H and ring C are connected by pins, so that they 
function as a single part, which can revolve but cannot move 
in any other direction. Clutch teeth on ring C are in align- 

ment with corresponding teeth on the larger part of cam R 
(see detail of  ring C in Fig. 6). When the tripping pawl, 
which normally is out of engagement with ring H, snaps into 
the tripping position, rings H and C stop revolving. Throw- 
out cam B, however, and the driven sleeve continue to revolve 
until the teeth engaging ring C slide backward far enough to 
disengage the teeth engaging driving pins G, thus stopping 

Fig. 6. Datnil Viewr of Pnrtr A, B and C. Plg. J 

the rotation of B and the driven sleeve. I t  will be seen, there- 
fore, that the teeth on ring C act as cams to disengage the 
teeth on the smaller diameter of B which mesh with the 
driving pins. 

To prevent continued rotation of the driven sleeve, as the 
result of friction, small teeth M are provided in the driven 
sIeeve (see also detail view A, Fig. 6). These teeth M are 
also engaged by the tripping pawl, but they are so spaced in 
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assembly that there is time enough after the stopping of ring 
H for the driving and driven teeth to disengage before a 
tooth M on the driven sleeve comes around into engagement 
with the tripping pawl. The end of the driven sleeve can be 
fitted with either a gear or sprocket, according to the driving 
requirements. 

The method of tripping the clutch depends upon how the 
clutch is applied. The diagram Fig. 7 represents an arrange- 

Fig. 7. One LIethod of Triwlng Clutch Automrtiully 

ment intended for a special drilling fixture. The rack sleeve 
N is free to move vertically, but ii does not revolve. The 
attached bar 0 carries the trip-pins P and Q. These pins 
might be held in a T-slot to  provide adjustment if necessary. 
I t  will be apparent that pawl T moves into engagement with 
ring H when pin P pushes the end of T down past the apex 
of the tripping spring S. The tripping pawl snaps quickly 
into engagement with ring H after its pointed end passes the 
apex of the tripping spring. The disengagement of the trip- 

ping pawl and the engagement of the clutch occurs when pin 
Q strikes the pawl as it ascends. By varying the angle of the 
engaging points on pawl T and spring S, the sensitiveness of 
the tripping action may be varied as required. This general 
method of tripping can be applied when tapping to certain 
depths and for  various similar purposes. 

An entirely different tripping arrangement is illustrated by 
the diagram Fig. 8. This particular arrangement might be 
utilized in connection with fine wire drawing or whenever 
the tripping of the clutch is to occur automatically in case of 
wire or thread breakage. The diagram represents wire draw- 
ing, although it is evident that the same principle might be 
applied to other processes. The winding drum is indicated a t  

mg. 8. Clutch-mppin Arrangement for Wire Drrvlng 
or timila, proce,, 

R, the drawing die at U, and the wire by line W. The wire 
passes through a bell-mouthed hole in tripping pawl T. The 
pawl, in this instance, is supported by the wire under normal 
working conditions. If the wire should break accidentally, 
or  if the end passes through the die, the pawl drops by its 
own weight and engages the trip-ring H. It  will be evident 
from the foregoing examples that the tripping of the clutch 
might be controlled in many other ways. 

Automatic Relief Mechanisms for Forging Machines. - 
Forging machines are equipped with a tripping or relief mecha- 
nism which prevents excessive straining or breakage of the 
parts controlling the motion of the movable die, in case the 
stock to  be forged is not placed in the grooves of the dies, 
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but is caught between the flat faces. These relieving mecha- 
nisms differ somewhat in design, but the object in each case 
is to temporarily and automatically release the movable die 
from the action of the driving mechanism, in case the oper- 
ating parts are subjected to a strain or pressure that is abnor- 
mally high. The release may be obtained by inserting bolts 
o r  "breaker castings" in the mechanism, which will shear off 
o r  break if there is an excessive strain; another type of relief 
mechanism depends for its action upon a spring which is pro- 
portioned to resist compression for all ordinary strains but 
to compress sufficiently to release the pressure on the dies 
when that pressure increases beyond a safe maximum. 

Spring and Toggle Relief Mechanism. -The plan view of 
a forging machine, shown in Fig. 9, illustrates one method of 
arranging a spring and toggle relief mechanism. When this 
machine is in operation, the stock is gripped between the sta- 
tionary die A and the movable die B. The heading slide C, 
which carries a ram or plunger for performing the forging 
operation, is actuated by a crank on the crankshaft D. The 
gripping slide E to which die B is attached is moved inward 
for gripping the stock and outward for releasing it, by means 
of two cams F and G. These cams transmit motion to slide 
H, which is connected with slide E through a toggle and link 
mechanism. Cam F, acting upon roll T, moves the slide E 
for gripping the stock, whereas cam G, in engagement with 
roll V, withdraws the die after the forging operation is com- 
pleted. The upper detail view to the right shows the relief 
mechanism in its normal position, and the lower view shows 
it after being tripped to relieve any abnormal pressure on 
the dies. 

When the machine is operating normally, link J, which con- 
nects with link K of the main gripping toggle, oscillates link 
K about pivot L and, through link M, imparts a reciprocating 
motion to the gripping slide E. If a piece of stock or some 
other part is caught between the flat die faces, the gripping 
action continues until the strain exceeds a certain amount; 
then the backward thrust upon link N causes it to swing about 

pivot 0 (see lower detailed view) carrying with it the other 
links of the "by-pass toggle" and compressing the spring S 
which is shown in the plan view at the left. As the result of 
this change in the position of the by-pass toggle, pressure on 
the gripping die is released. Meanwhile the heading tool at- 

Fig. 9. Plan and Detail Vlewr of Forging Machlne Shoring Aotomrtlc 
Relief or Trlpplng Mechnlrm 

tached to slide C completes its full stroke and, upon the return 
stroke, the by-pass toggle is re-set automatically by spring S 
which expands and, through rod R, swings the toggle links 
back to their normal position shown in the upper detailed 
view. This automatic re-setting of the toggle makes it un- 
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necessary to stop the machine, as is necessary with safety 
devices of the breaking-bolt type. There is no movement of 
the by-pass toggle, except when a "sticker"-to use the shop 
expression-is caught between the gripping dies. While this 
relief mechanism safeguards the working parts of the forging 
machine from excessive strains, it is capable of transmitting 
enormous pressures to the gripping dies. 

Flg. 10. Bevel Sprlne Plunger Type of Rdlef Yechanimu 
on Bolt m d  Rivet Herder 

Beveled Spring-plunger Relief Mechanism.- The type of 
relief mechanism illustrated in Fig. 10 is applied to a wedge- 
grip bolt and rivet header. The movable die d is attached to 
slide c which is beveled to correspond with the tapering end of 
slide b. Slide b is given a reciprocating movement by the toggle 
mechanism at e, and, when slide c is pushed inward for closing 
the dies, the beveled end of slide b forms a solid metal backing, 
which securely locks the movable die during the heading oper- 
ation. When forming the heads on bolts o r  rivets, it is neces- 

sary to place the stock directly in the impression in the gripping 
dies, and not between their opposing faces, as these dies are 
intended to come together, so that the stock is firmly held in 
the impression between them while the rivet or bolt head is 
formed by the tool attached to slide g. The relief mechanism, 
which comes into action in case the stock is caught between 
the dies, consists of a spring plunger a, which has a beveled 
end and is held outward by the spring shown. The beveled 
end of this plunger bears against an angular projection on a 
slide for transmitting motion, through the toggle mechanism, 
to slide b and the movable die. If this die, however, is pre- 
vented from moving inward by a piece of stock that is not in 
the die impression, but caught between the faces, the increased 
pressure on plunger a forces it back against the tension of the 
spring and off of the beveled seat, as indicated by illustration B. 

Overload Release with Positive Lock Acting During Short 
Period. - Often it is desirable, in feeding or other operations, 
to have a safety device that will function a t  any time except 
just before the end of the stroke, when the action must be- 
come positive as, for example, when a part is being locked or 
held solid while it is being operated on by a punch o r  other 
tool, after having been pushed into position with the auto- 
matic release ready to act in case of any obstruction. The 
device shown in Fig. 11 was designed to provide such an 
overload release and positive lock during the last 1/16 inch 
of the stroke. In this instance, the automatic release is used 
in connection with a slide that transmits a tensional or  pulling 
force, but this type of release has also been applied with slight 
changes where a compressive o r  pushing force is utilized. 
Such a mechanism is applicable in conjunction with auxiliary 
rams or slides of punch presses, and it may also be applied 
to automatic machines or other mechanisms. 

In the particular design illustrated, connection with the 
source of power is a t  A, and motion is transmitted through 
link B to slide C and through the safety device to the point 
of application a t  D. (In some cases, the operating stroke 
might be derived from an eccentric a t  the side of a press or 
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from a crankshaft.) Pivoted to slide C is a releasing plate or 
flap G, which is free to  swing about its pivot o r  pin, a s  indi- 
cated by the dotted lines in the lower view. This releasing 
member G normally is held in the closed or driving position 
by spring H. As the end of plate G is beveled and engages an  
inclined surface on the driven part 0, plate G tends to swing 
upward during the working stroke, but is prevented by spring 
H unless unusual resistance is encountered. The part 0 is in 
the form of a strap or  loop which surrounds plate G, a s  indi- 
cated by the plan view, and 0 is positively connected to mem- 
ber D. 

Unless some obstruction or  abnormal resistance causes dis- 
engagement of the driving and driven part through the release 
mechanism described, movement of the slide continues in the 
direction of the arrow until lever M strikes projection (2, thus 
releasing the pawl, the location of which is indicated on the 
side and plan views. As the pawl is instantly forced upward 
by a spring beneath it, the drive is transferred from the beveled 
surfaces between parts 0 and G to vertical surfaces between 
parts 0, G, and the pawl, so that the release mechanism is no 
longer effective and the stroke becomes positive. 

During the return stroke, lever N strikes projection R and 
withdraws the pawl, so that it is in position for the next for- 
ward stroke. The illustration shows the relative positions 
of the parts just before the pawl is released o r  tripped. A 
spring is used to force the pawl upward when released, because 
this provides the instantaneous action desired. 

If during the working stroke an obstruction had been en- 
countered by the driven member, part 0 would have stopped 
as flap G disengaged from it and slide C would have traveled 
forward without injuring whatever tools or other members 
are connected at D. The action should, of course, be timed 
by properly locating the projections or stops for manipulating 
the pawl levers. The angle of the bevel between parts 0 and 
G depends upon the amount of force to be transmitted, and 
adjustment of spring H provides a more delicate means of 
regulating the releasing action. 
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Automatic Stop for Wire-winding Machine. - The diagram, 
Fig. 12, shows an automatic tripping device that is applied 
to a machine used for winding small wire onto spools. In 
this illustration, A represents the reel which contains the stock 
of wire, and B is the spool upon which the wire is wound. 
This spool is driven at a constant speed. If, for some reason, 
the wire should not uncoil easily from reel A, it might be 
broken o r  the mechanism damaged, assuming that the wire 
passed directly from the reel to the spool. In order t o  avoid 
trouble from any resistance to uncoiling which may occur, 
the wire, after leaving the reel, is guided by idler pulleys, so 

Fig. lZ Safety Trippiq Derica for Wlre-winding Y l r h i n m  

as to  form a loop; at the end of this loop, there is an idler 
pulley C mounted on a lever D which is free to swing about 
fulcrum E. When the uncoiling and winding is proceeding 
under normal conditions, the weight of lever D is sufficient 
to  prevent the wire from lifting i t ;  any abnormal resistance, 
however, such as might be caused by a kink on reel A, will 
result in swinging lever D upward into contact with trip G, 
which, by disengaging a clutch, stops the machine. 

Automatic Stop Mechanisms for Textile Machines.- Some 
very ingenious tripping mechanisms or "stop motions" are 
applied to  different classes of textile machines. The exam- 
ples described illustrate the possibilities of the use of com- 

paratively simple devices for automatically controlling the 
action of machines under conditions which might, a t  first, 
seem to be very complex and difficult. 

The stop motion shown in Fig. 13 is applied to  a machine 
used for twisting yarn. The yarn passes from the guide wire 
at A around the rolls B and C, through a n  eye in wire D and 
out through the guide a t  E. The wide D is attached to an- 
other wire F, which is normally held by the yarn in the posi- 
tion shown by the full lines. If the yarn or thread should 

break, the wires fall to  the 
position shown by the dotted 
lines, thus bringing wire F 
into engagement with the 
lower roll C.  Contact with 
this roll immediately moves 
the wires to the left until a 
tongue G enters between the 
rolls and raises B out of con- 
tact with C, which prevents 
it from revolving and stops 
the delivery of yarn. 

Another s t o p  motion 
which acts when a thread is 
broken is shown in Fig. 14. 

Wg. 13. Tripplug Device for a 
Textile YachIne 

This mechanism is applied to  
a machine used for winding 

thread on spools. I t  is designed to raise the spool out of 
contact with a flange which drives i t  by friction, if a 
thread breaks, thus arresting the motion of the spool with- 
out stopping the spindle on which the spool is mounted. 
The device is also arranged so that the wire which drops when 
a thread breaks is raised automatically t o  its normal position 
for re-threading. The thread A passes through the eye of a 
drop wire B and serves to hold this wire in its normal position. 
Attached to this wire there is a lever C pivoted at D and con- 
nected by link E with the catch F. The lever G is normally 
held in a horizontal position by catch F. If a thread breaks, 
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however, the dropping of wire B releases catch F and lever G 
falls to the position shown in the illustration. This lever is 
connected by a rod H with a sleeve J pivoted a t  K. The down- 
ward movement of lever G swings the sleeve about its pivot 
and brings a pin under the flange R of the spool, thus raising 
it from the supporting disk L, as shown in the illustration; 
a t  the same time, the flange of the spool engages a rubber disk 
m which stops the rotation. Attached to the shaft of lever 
G, there is a small finger 0 which is given a partial turn when 
the catch lever falls. As the result of this movement, the 
finger engages lever C and swings it with the drop wire R 
back to the normal position ready for re-threading. As so011 

L I 
Fie. 14. Another Trlpplng Derlce or "Stop Motion" for a Textile Machiae 

as the catch lever has been re-engaged with the catch F, the 
spool drops into contact with its driving flange and again 
begins to wind the yam. 

Stop Mechanism That Operates When Work is not in 
Position.- A machine for placing covers on cans required 
a device to prevent a cover from being dropped when there 
was no can in place to receive it. The cans are pushed one at 
a time in the direction of the arrow (see plan view of the 
diagram, Fig. IS), and they slide along bridge B and stop over 
table A. This table is slotted to allow it to move upward 
until the recessed surface is raised above the surface of the 
bridge. As the table rises, the can is centered by a chamfered 
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edge, and raised to receive a cover. The cover dropping 
mechanism is operated by link G which, in turn, is operated by 
stud F on arm E. 

This device is most easily explained by first considering its 
action when table A rises without a can in place. Referring 
to the sectional view at the left, a detector foot is shown at  
C. Spring H is attached to the upper end of the detector foot 
and tends to swing it to the right, but this turning is prevented 
by block I. The detector foot is keyed to a shaft which is 
carried by the table, and when the center of the shaft passes 
the top of the block I, the foot 1s pulled over by the spring, 
as  shown in the right-hand view. This also allows arm E 
to swing over without causing an upward movement of the 
link G. It will be noticed that this link is slotted so that stud 
F cannot move it until after the detector foot has reached a 
point where it can swing. Thus it is seen that i f  there is no 
can on the table, the detector foot, arm, and link will swing 
without actuating the cover-dropping mechanism. 

Now suppose that a can J is in place on the bridge. As the 
table rises, the can settles into the recess, and when the shaft 
center passes the top of block I, the toe of the detector foot 
will come into contact with the rim of the can. The can pre- 
vents any further swinging movement of the foot, and there- 
fore stud F pushes link G upward, thereby causing a cover to 
drop. The center of the stud in arm E is placed slightly to 
the right of the center of the shaft; so that while there is 
some tendency to swing the foot, it is not enough to crush 
the can. 

Safeguard for Delicate Mechanism of Adding Machine. - 
The delicate and intricate mechanism of an adding machine 
is safeguarded from injury resulting from careless or  rough 
operation, by the ingenious mechanism shown in Fig. 16. 
This controlling device is so arranged that the force or power 
exerted upon a hand lever by the operator is not transmitted 
directly to the mechanism, but the operation of the machine 
is subject to spring action at a certain known rate and with 
a known driving force. The operator is only allowed to supply 
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the power for stretching certain springs and releasing their 
action, the arrangement being such that he cannot apply his 
strength directly to the mechanism. 

WSlTlON N a 2  
_______----- 

POBITION No.) 

--------- 

Fig. 16. Spring Controlling Device whkh Safegaardr the Delieats Mschanlrm 
of an Addfng Machine 

The inner end of the operating lever is shown at Y. The 
upper view marked "position No. 1" shows the lever after it 
has been pulled forward for operating the machine. This 
lever revolves freely on its shaft and the operating parts are 
driven by the member E. As lever Y is pulled forward, catch 



222 OVERLOAD RELIEF MECHANISMS OVERLOAD RELIEF MECHANISMS 223 

C releases pawl 2, thus allowing member E to  fly forward as 
springs A contract and transmit motion to E through levers 
D and links B. This free movement of part E operates the 
forward stroke of the machine, and the rate of action is con- 
trolled by an oil by- ass governor (not shown). The move- 
ment of E is stopped' by abutment F in position No. 2. The 
forward movement of operating lever Y, which is now free 
of the mechanism, is continued by the operator until the lever 
arrives at  position No. 3. At this point, the end of pawl Z 
strikes pin H, throwing the pawl back into engagement with 
the projecting lug on part E. As the lever moves from posi- 
tion No. 2 to position No. 3, the springs A are extended, and 
acting through levers D and links B they return lever Y to the 
starting position, the lever carrying with it part E and the 
mechanism of the machine. This reverse movement is also 
under the control of the oil governor. Near the end of the 
return movement, latch C rises to permit pawl Z to pass, and 
the various parts return to position No. 1 ready for another 
stroke. 

The provision of two springs A is simply for balancing the 
strain on the mechanism. The double action of these springs, 
which makes it possible for them to operate the mechanism 
on both the forward and backward strokes, is due to the fact 
that they are connected to movable members at each end. In  
one case, the connection is to levers D and in the other to oper- 
ating lever Y. The contraction of these springs between posi- 
tions No. 1 and No. 2 operates the forward motion, and their 
contraction from position No. 3 to No. 1 operates the back- 
ward motion. 

Centrifugal Type of Speed-limiting Device. - The auto- 
matic speed-limiting device described in the following was 
designed for application to gas or gasoline engines. In  case 
the speed becomes excessive, owing to the failure of the gov- 
ernor, this tripping mechanism, which is of the centrifugal 
type, operates by breaking the ignition circuit. I t  may be 
attached either to the secondary shaft or to the main shaft. 
The controlling element is a weight '4 (Fig. 17) which is at- 

tached to a rod connecting with a spring B on the opposite 
side of the hub. This weight is located within a casing C 
carried by a stud D screwed into the end of the shaft. Pivoted 
near the casing is a latch E which normally holds the weighted 
trip-lever F in the position shown. The ignition switch is lo- 
cated at  G and, when the lever F is held up by latch E, the 
ignition circuit is closed. If the speed of the engine is in- 
creased to such an extent that the action of centrifugal force 
causes weight A to fly outward against the tension of spring 
B, the end of rod H, by striking catch E, releases lever F and 
allows it to fall, thus breaking the ignition circuit. 

Pig. 17. Centrifugal Type of Speed-llmlting Devlcs Dsrlgned for Car or 
Oa#olIne Enginam 

Over-speed Limiting Device for Electric Locomotives. - 
There exists, on certain railroads, the necessity of employing 
a reliable over-speed limiting device, which will prevent the 
application of further propelling power to an electric loco- 
motive after a predetermined speed has been reached. The 
prevention of over-speeding protects the traction motors or  
other locomotive parts from being injured by speeds in excess 
of that for which they were designed. The  device shouId be 
so designed that the engineer may again apply power a s  soon 
as the speed has decreased to some permissible value. 
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A device that meets these requirements has been developed 
for application to electric locomotives. It is, however, cap- 
able of alteration so that its field of usefulness can be extended 
to steam or other motive power, as the fundamental device 
is capable of various simple modifications which will perform 
different functions as desired. By mounting a Veeder 
counter on the contact box, a record can be obtained of the 
number of times an engineer has over-speeded his train. T h e  
system may also be interlocked with the air brake by the use 
of additional relays. One relay can be made to give the en- 
gineer a warning and at the same time cause a counter t o  
register. Another relay can start a time element device which 
will, after the elapse of a definite time, cause the brake pipe 
to be vented, thus applying the brakes. In case the engineer 
reduces the speed of the train, when given warning that he  
is exceeding the prescribed speed, before the automatic fea- 
ture has had time to work, nothing further will happen and 
the device will then return to its normal position. 

The centrifugal member seen at the right in Fig. 18 is 
mounted on the center of an idle axle. One half of this mem- 
ber carries the centrifugal arm and adjusting spring, so that 
adjustments can be made on the test floor and left untfisturbed 
when applying to the axle. The centrifugal arm has two 
cam surfaces A and B which are offset one from the other. 
These cams engage light arms A1 and B1 on the contact box, 
which is mounted close to the centrifugal member, as shown 
by the relative positions in the illustration. 

Normally, a spring D holds the centrifugal arm in the "in" 
position. At some predetermined speed, the arm flies outward 
about the center C, compressing the spring, while cam A 
strikes arm A1. This motion causes a toggle switch in the 
contact box E to break contact and thus interrupt the control 
current to the master controller. Thus further application of 
power to the locomotive is prevented until the speed is reduced. 
Upon a reduction of speed to the necessary value, the centrifu- 
gal arm moves inward about the center C and cam B strikes 
arm B,, causing the toggle switch again to make the circuit 

the contact box. This permits the engineer again to apply 
wer to the locomotive. As developed at  present, the range 
speed between trip out and reset is from 39 to 37 miles 

per hour in one case and 65 to 60 in another. 
In designing the centrifugal member, it was necessary to 

reduce friction to a minimum and also to produce bearings 
that would require almost no attention for maintenance. 
This arm, therefore, was mounted in a double-row, deep- 

I 
FIE. 18. Device for Elsctrle Locomotivsr which Automatically Prevents 

Ovsrapeeding 

groove ball bearing, which insures minimum and constant 
friction over a long period of time. The spring D operates 
between hardened conical points or centers J and K,  bearing 
in hardened pockets (see Fig. 19). I t  is restrained from 
buckling by hardened sliding guides F and G within the spring. 
The outside of guide G has an increased diameter at H to 
prevent the spring from buckling. This mounting resulted, 
on test, in an extremely sensitive centrifugal arm which, de- 
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pending on the characteristic of the spring, could be made to 
fly out positively and return for a difference in speed of ap- 
proximately 1 per cent. 

The contact box is designed with special reference to with- 
standing the hard blows received from the cams. The strik- 
ing arms are made of hardened steel springs, tapered toward 
the outer ends to reduce inertia and consequent rebound when 
the cam strikes. It was found necessary to provide a spring 
loaded friction drag in box E to prevent the striking arms 

Pig. 19. Detail of Semitire Spring Yonntiu for C e n t r l m  Arm of Orrr.rp..d 
LimiUng Device 

from rebounding and rubbing against the cams. The moving 
contact is a light weight element, which is connected to the 
striking arms only by means of two "over the center" springs, 
and is supported on knife-edge bearings. The contact does 
not move until after the striking arms have passed the center. 
I t  then snaps over quickly, regardless of the speed a t  which 
the striking arms are moving. The contacts are made of phos- 
phor-bronze and in the form of flat springs which bear against 
copper-graphalloy buttons. 

Speed-limiting Device for Steam Engines. - A speed-limit- 
ing device which is governed by the inertia of a weight and 
the tension of a spring is shown in Fig. 20. This automatic 
stop was designed for application to steam engines but devices 
operating on the same general principle could doubtless be 
applied to other classes of machinery. This mechanism is 
primarily a safety device and is intended to  stop the engine 
and prevent damage such as might be caused by a bursting 
flywheel, in case the governor failed to operate. The lever A 
is pivoted at B to the engine cross-head and is normally pre- 

1 

vented from swinging about pivot B by the spring C attached 
near the upper end. The inertia of weight Dl which may be 
adjusted along the lever A, tends to swing the lever t o  the 
right when the motion is suddenly reversed and the cross- 
head moves to the left. When the cross-head is at one end 
of its stroke, the upper end of lever A is quite close to  the 
catch El which engages latch F. Rod C attached to this latch 
connects through whatever additional rods or levers may be 

I 

needed, with the tripping mechanism used in conjunction with 
a quick-closing valve which controls the flow of steam to  the 

I 
Fig, 10. AatanuHc Speed-IImIHng ~ e c l u n i m n  for S t e m  Bndnrs 



228 OVERLOAD RELIEF MECHANISMS 

engine cylinder. This valve and its operating mechanism is 
shown in detail at the left of the illustration. Rod G is con- 
nected in any convenient way with bellcrank lever H ,  from 
which rod J carrying weights at its lower end is suspended. 
This rod passes through trip-lever K, which normally engages 
lever L connected with the quick-closing valve M. If ,  for 
any reason, the speed of the engine becomes excessive, the 
lever A and its attached weight resists the sudden reversal of 
motion at the end of its stroke sufficiently to overcome the 
tension of spring C, and lever A strikes catch E,  thus releasing 
latch F; as rod J drops, the flange on it strikes trip K and 
allows the steam valve to be closed by the weighted lever N. 
This speed-limiting device may be adjusted by varying the 
tension of spring C and also by changing the position of weight 
D. The greater the spring tension and the nearer the weight 
is to the pivot B, the faster the speed will have to be to over- 
come the tension of the spring at the point of reversal. The 
handle 0 is for resetting the steam valve and handle Q, for 
tripping the valve by hand. If remote control is required, 
this may be obtained by the use of rods or cables directly con- 
nected to latch K, or by the use of a solenoid R, as indicated 
by the illustration. This automatic safety stop is recommended 
a s  being simple, positive in action, adjustable, inexpensive, and 
easily applied to  almost any engine. 

CHAPTER VII I  

INTERLOCKING DEVICES 

THE primary purpose of an interlocking device is to pre- 
vent the simultaneous engagement of conflicting mechanisms, 
so as to eliminate, as far as possible, the danger of straining 
or breaking any of the machine parts. There are many ex- 
amples of interlocking devices in which the component parts 
are much more costly to produce than is necessary or  justi- 
fiable, considering the function of the device. Notwithstand- 
ing that the purpose of an interlocking device is to protect 
expensive parts of the machine from destruction, there is 
scldom any need to provide other than the simplest mecha- 
nism to accomplish the desired end. Elaboration or com- 
plication in this connection is unnecessary, and should be 
guarded against. 

A separate movement should not be required to lock or 
unlock sxch a device, but the ordinary manipulation of the 
parts controlled by the interlocking mechanism should, with- 
out any further effort insure the correct functioning of the 
safety device. Otherwise, the operative time will be increased 
so that there will be much less available time for productive 
work. Over-elaboration in design as well as a tendency to 
make the parts much stronger than is necessary should be 
avoided. Although the latter fault may have very little influ- 
ence on the cost, a more careful consideration of the design 
and the stresses imposed might result in much greater com- 
pactness and neatness. 

Two-lever Type of Interlocking Mechanism. - Fig. 1 shows 
a typical interlocking device, which, in various forms, is ex- 
tensively used. The two levers A and B usually control two 
pairs of sliding gears by means of which one shaft is driven 
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from another shaft at four different speeds. Since all the 
four pairs of gears are of different ratios, it is necessary to 
have some element introduced that will insure that one or the 
other of the two levers shall always be in the neutral position. 
Obviously, if some such provision were not made, there would 
always be a serious risk of one of the levers being accidentally 
engaged while the other was in engagement. This would, of 
course, be rather disastrous for the gears and other trans- 

Fig. 1. Simple Arrangement of Interlocking O w ? - c a g e  Levan 

mission elements concerned, and it is to avoid such a possi- 
bility that the levers are designed to interlock so that one is 
always in the neutral position. 

The locking element itself consists of a short piece of round 
steel C carried in bearings D, and engaging with holes H and 
G, in the bosses of the levers J and K. There is really no 
reason, except for the sake of appearance, why the sliding rod 
C should not be outside the gear-box housing and engage the 
bosses of the hand-levers A and B. A pin L, working in an 
elongated slot and fixed in the rod C, is the medium through 

which the rod is moved from left to  right, or  vice versa, as 
required. This arrangement is non-automatic and locking 
and unlocking are accomplished in a separate movernent. As 
previously mentioned, this is not a desirable feature. 

In the illustration, the lever B is shown unlocked ready for 
engagement. When it is swung either to the left or to the 
right, the hole G in the boss of lever K, is moved out of align- 
ment with the rod C. It is therefore impossible for rod C to 
be moved, and since its left-hand end is engaged with the hole 

L I 
Fig. 2. Oeu-change Lever8 with Automrtlc Interlocking Arrangement 

in lever I ,  it is also impossible to move the lever A, and the 
gears that it controls. If it were desired to use one of the 
gears controlled by lever A, it would first be necessary to  move 
lever B to the vertical, or neutral, position, then slide the rod 
C to the right by means of the pin L, after which lever A 
could be moved either to the right o r  left as required, and B 
would be definitely locked out of engagement. I t  will be seen 
that the interlocking device involves another movement by the 

- 

operator, and, since this can be eliminated without adding to 
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the cost of the mechanism, it should be done, if possible, as it 
insures easier and more convenient operation. 

Automatic Interlock for Speed-changing Levers. - Fig. 2 
shows an automatic interlocking mechanism in which the ob- 
jectionable feature of the preceding design is overcome. Here 
a spring plunger A automatically performs the interlocking 
function. The plunger is supported in much the same way as 
in the previous example, but the spring tends to push it to 
the right. At the right-hand end it has a conical point which 
engages with a depression in the boss of the lever. Whenever 

the lever a t  the right 
is moved into the neu- 
tral p o s i t i o n , the 
plunger is pushed into 
the hole in the boss by 
the action of spring A. 
This unlocks the lever 
a t  the left, and allows 
it to be immediately 
shifted as required. 
When the left-hand 
lever has been moved, 
however slightly, from 
the neutral position, the 

F ~ E .  3. Interlocking Leven that Can end of the plunger 
be Made EconomicPly comes up against the 

boss and prevents the plunger from moving to the left. 
Since the right-hand lever can be shifted only if the plunger 

is allowed to move to the left, this lever is positively locked 
in the neutral position whenever the left-hand lever is in any 
position other than neutral. The arrangement shown in Fig. 
2 is therefore to be preferred to that shown in Fig. 1. I t  not 
only works automatically, without requiring any attention or 
effort on the part of the operator, but it has also the addi- 
tional advantage that it is rather cheaper to produce. 

Levers having Interlocking Segments. - Fig. 3 shows an- 
other arrangement for use under conditions similar to the two 

previous ones. The two levers are each fitted with a fan- 
shaped projection A and B. On the front side of the latter 
and the rear side of the former are two ribs D and C, respect- 
ively, which interfere with each other. Grooves E and F 
are cut across the center of the ribs to allow either of the 
levers to  be moved as required. When the two levers are in 
the position shown in the illustration, the gears are in the 
neutral position, and either lever may be shifted. Whichever 
lever is moved, and no matter whether it is moved to the right 
or  to the left, one or the other of the ribs is moved across the 

Pic. 4. Interlocking Single-lever Contml for Two Sets of Oeur  

gap in the other rib, thus positively locking it in the out-of-gear 
position. The arrangement is quite an effective one and very 
cheap to produce, the only criticism that might be made against 
it being that it takes up more space than some of the other 
types. Good designers take a pride in concealing such devices, 
as a rule, but whether the practice is worthwhile when it in- 
volves greater expense is a matter for individual decision. 

Single-lever Interlocking Device. - While the three pre- 
vious examples are much used in machine tool practice, none 
of them is ideal because there are two levers which must be 
manipulated in order to operate the sliding gears. The  design 
shown in Fig 4 is much superior in this respect, since only one 
hand-lever is required, and this lever is so arranged that it 
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not only operates both sets of gears but also functions as an 
interlocking device. This combination permits quicker opera- 
tion and, incidentally, gives greater compactness to the design. 

The two sets of sliding gears are engaged by forks carried 
on bars A and B to which are secured racks C and D. The 
hand-lever shaft E has a pinion F and two plain disks G and 
H formed solid with it, and is so arranged that it can be 
shifted endwise as well as rotated on its own axis. The hand- 
lever is pinned or keyed to the shaft, and is fitted, in addition, 
with a pin J which projects into two segmental grooves K and 
L in a hollow semi-cylindrical casting M. 

Connecting the two grooves and corresponding with the 
vertical position of the hand-lever, is a cross-groove N ,  ap- 
proximately equal in width to the diameter of the pin J. With 
the hand-lever in the position shown, the pinion F is in mesh 
with rack D, and consequently the gears controlled by slide- 
bar B will be operated i f  there is any angular movement of 
the hand-lever. If the lever and its shaft are pushed bodily 
to the left, the rack C will be engaged by the pinion F, and the 
second set of gears will thus be brought under control. The 
function of the two disks G and H is to lock the slide-bar that 
controls one set of gears in a central position when the other 
set is in mesh. This is done by the disk being moved into suit- 
ably shaped hollows formed in each of the slide-bars, as shown 
at  P. 

In the illustration, the disk G is shown engaged with slide- 
bar A, so that the gears controlled by this bar are definitely 
locked out of engagement. If it is required to operate slide- 
bar A, the hand-lever must first be moved to the vertical posi- 
tion (all gears then being out of mesh), after which the lever 
is pushed to the left, thus engaging the pinion with rack C, 
and the disk H with slide-bar B. In this position, the gears 
controlled by slide-bar B are positively locked out of engage- 
ment. 

The purpose of the grooves in casting M is to insure that 
the lever-shaft will not be moved axially, except when it is 
in the neutral position. This part of the device and the pin J 

could, if  necessary, be carried inside the gear case, and the pin 
J could be fitted to  either of  the disks G or H. On these lines 
the design would be somewhat neater, though it is possible 
that it would not be quite so convenient in operation, as the 
grooves would then be out of sight and the exact vertical 
position of the hand-lever would have to be judged, more o r  
less, by the "feel." 

Interlocking Device for Lathe Apron. - Lathe aprons are 
usually fitted with some arrangement for interlocking the 
conflicting gear mechanisms. In some cases the cross and  

Fig. 5. Intetlockin~ Device for Lathe Apron 

longitudinal feeds are not interlocking but provision is made 
to prevent the engagement of the lead-screw nut when either 
of the other two feeds is in use. The design shown in Fig. 5 
is of this type, the only interlocking action being between the 
lead-screw nut and the feed combinations. 

The feeds are engaged by a drop-worm, carried in box A 
and engaged by handle B, the trigger C holding the drop- 
worm box in the engaged position. The square rod F has a 
slight endwise movement, and is cut away near the worm-box 
to provide a support for trigger C. T o  release the feed, the 
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rod is moved to the right by means of handle E, while a 
knurled-head screw G, for fine adjustment, forms the abut- 
ment for a dog fixed to the bed of the lathe which trips the 
feed automatically at  any predetermined point. At  D is the 
camshaft for operating the lead-screw nut. A counter-clock- 
wise rotation of this shaft from the position shown closes 
the nut on the screw. Fixed to the camshaft is a cam H 
which, when the lead-screw nut is engaged, pushes the rod 
F to the right through the medium of lever J which is firmly 
secured t o  the rod. This action releases the trigger C and al- 
Iows the drop-worm to fall out of engagement with the worm- 
gear, thus disengaging both the cross and longitudinal feeds 
before the lead-screw can be used. There are, however, sev- 
eral details in this type of design that are open to criticism, 
as will be pointed out in the following. 

The arrangement illustrated does not meet all the require- 
ments of a satisfactory interlocking device. Suppose a ma- 
chine were fitted with a device of this type, and the work re- 
quired that the lead-screw be geared up, and running, the 
whole time, as would be the case on almost any job that in- 
volved both turning and threading. 

Suppose now, that the tool had been set up for, say, facing 
a moderately deep shoulder and that the cut had nearly reached 
the body of  the shaft. If at this time the handle on the cam- 
shaft that operates the lead-screw nut happened to be acci- 
dentally depressed, the cross-feed would be disengaged, but 
the lead-screw would come into action-and there would be the 
possibility of a smash-up. There are also similar possibilities 
with the longitudinal feed and the lead-screw, though in this 
case the damage would probably not be quite so extensive. 

The trouble is due to the fact that the feeds are not really 
interlocked, because this term means, that when one feed is 
engaged it is impossible to engage another; in any case it does 
not mean that the accidental engagement of one particular feed 
merely disengages the one that is in use, as in the type shown 
in Fig. 5. If this illustration is carefully examined, it will 
be seen that the portion of the rod F that is cut away at K to 
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form the trigger is much wider than it need be. If the width 
were reduced and the left-hand side were beveled as at L 
to match the back of the trigger piece, the whole principle 
of the device would be changed, and it would become an effec- 
tive interlock, provided cam H and lever J were made of such 
a shape that the former could not be made to impart any move- 
ment to the latter. To  meet these requirements, cam D and 
lever H should be designed as shown at X. 

When the trigger is engaged with the rod, that is, when 
the worm is in mesh, the lead-screw nut cannot be closed, 
because lever X is held up by the cam, so, obviously, it is not 
possible to engage the nut when the worm and gear are  in 
mesh. Further, when the nut is engaged, the beveled face L 
prevents the engagement of the worm, a s  it interferes with 
the back side of the trigger when the rod F is positively pre- 
vented from movement toward the left. This simple altera- 
tion has converted an indifferent and imperfectly operating 
device into one that is correct. 

Lathe Apron Interlocking Mechanism for Three Feeding 
Movements.-Fig. 6 shows another type of lathe apron in 
which all three feeds are interlocked to prevent conflicting 
engagement. In this design there is no drop-worm, the actual 
starting and stopping of the feeds being effected by a hand 
friction knob A, which couples gear B to the worm-gear C. At 
D is the rack pinion on which is keyed the large gear E, while 
at G is the cross-feed screw pinion which permanently engages 
with an intermediate gear H. Approximately midway be- 
tween the intermediate gear H and the rack gear E is an eccen- 
tric shaft J carrying a gear F and a pinion Y. The eccentric 
shaft is controlled by a small lever K,  which swings into three 
positions-the one shown, one to the right, and another t o  the 
left. In the position shown, the feed gears are entirely dis- 
connected; i f  the lever is swung over to  the right, pinion Y 
engages gear E, and gear F engages friction gear B. If swung 
the opposite direction-to the left-the eccentric shaft gear F 
connects the intermediate gear H to gear B. 

In  the first case the longitudinal feed gears are engaged, 
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while in the latter case the cross-feed gears are connected. 
Lever K is used only for engaging the required feed gears; 
that is to say, it does not actually start or stop the feed, this 
being done by the hand friction knob A. Up to this stage the 
mechanism is perfectly interlocked, because when lever K is 
swung over, either to the right or to the left, only the particu- 
lar  feed represented by the given location of the lever can be 
engaged, the other being totally inoperative-that is, of course, 
as an automatic feed. 

Since the lever cannot be in two positions at once, only 
one feed can be engaged at a time, the change from longi- 

W. (. Laths Apron with All Peed.# Intrrloellng 

tudinal to cross, or  vice versa, necessitating, first, the dis- 
connection of the feed by the hand-knob; second, the corredt 
placing of the lever for the feed required; and third, the actual 
starting up of the feed by the hand-knob. So far as the cross 
and longitudinal feeds are concerned, then, we may assume 
that fairly complete interlocking is secureti. However, there 
still remains the screw-cutting mechanism. 

The lead-screw nut is operated by a camshaft L, and on 
this shaft is a collar M in which is cut a V-shaped groove. On 
the inside of the apron casting is a rectangular groove run- 
ning from camshaft L to the eccentric shaft J, and fitting into 

the groove is a plunger N which is pressed always in the di- 
rection of the camshaft by a spring 0. The  lower or left-hand 
end of the plunger is pointed to fit into the V-shaped groove 
in collar M so that, in effect, the plunger acts on the camshaft 
as a snap plunger, thus reducing the risk of its being moved 
by vibration. At the opposite end, the plunger is narrowed 
down so as to enter a cross-groove P, cut in the boss of lever 
K. When the lever is in the position shown (the feed-gears 
being out of mesh), the camshaft handle R can be depressed 
and the nut connected with the lead-screw. The plunger N, 
meanwhile, is pushed to the right into the groove P in lever 
K, thus effectually locking the latter in the central position. 

Suppose, now, that the lever K had been moved to either 
the cross or longitudinal feed position. The groove P in the 
boss on the lever would not then be in alignment with the 
plunger, so the latter could not move toward the right. This 
being the case, the nut-operating handle R could not be de- 
pressed, as it would be locked by the V-point of the plunger. 
Thus, only when the lever K is in the central o r  out-of-gear 
position can the lead-screw nut be engaged, and on the other 
hand, only when the lead-screw nut is disengaged can the 
feed-lever be moved, all three feeds being by this simple 
means, interconnected so that no two can possibly be in simul- 
taneous engagement. 

Simple Interlock for Lead-screw and Longitudinal Feed. - 
An example of effective design combined with low production 
costs is shown in Fig. 7, the interesting feature of this par- 
ticular arrangement being that a perfect form of interlock 
is provided without the introduction of a single extra part. 
The device is fitted to a lathe apron and is of the type that 
applies only to the lengthwise feed and screw-cutting move- 
ment, the cross-feed not being interlocked in any way. The 
eccentric shaft A operates a sliding clutch which engages the 
longitudinal feed when handle B is correctly manipulated. 
When the handle is pulled outward, the clutch is engaged and 
the feed started. At C is the cam-plate which controls the 
lead-screw nut; in the position shown the nut is disengaged. 
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On the right-hand side of the cam-plate is cast a projection 
E, while on the boss of handle B is a lug D, the lower side 
of which is roughly located at  the same height as the upper 
end of the cam-plate projection E when the lead-screw nut is 
disengaged. If the handle B is pulled outward to engage the 
feed, lug D moves over the end of projection E and prevents 
the cam-plate from being rotated to engage the nut. On the 
other hand, should the nut be first engaged, projection E 
moves upward into the position shown by the dotted lines at  
F and prevents the engagement of the feed by interfering with 

1 I 

1 I 

Fig. 7. Slmple Interlocking Device ior Lead-screw and Leagthrlre leading 
Movement 

lug D on the hand-lever. So far as it goes, the design is per- 
fectly effective and a good example of simplicity and cheap- 
ness, though, of course, it is rather lacking in completeness in 
that it does not also interlock the cross-feeding movement of 
the tool slide. 

Interlocking Device for a Back-shaft Type of Lathe. - 
Fig. 8 shows still another example of a feed interlocking 
device as applied to the saddle of a back-shaft type of lathe. 
Ordinarily, in the old style of back-shaft lathe, the three feeds, 
cross, longitudinal, and screw-cutting, are almost always en- 
tirely disconnected, so there is nothing to prevent all three be- 

ing simultaneously engaged. To overcome the risk from this 
possibility, the arrangement illustrated in Fig. 8 was patented 
some years ago by an English firm. At  the back of the saddle 
are two gears A and B, the former mounted on the cross-feed 

I I 
Fig. 8. Back-&haft Type of Laths Saddle with All  Feeds InbrlocLL~ 

screw and the latter on the feed-shaft for  the longitudinal 
feed. Gear B is driven from a worm C which is keyed to the 
back-shaft and free to slide on it, and both gears A and B run 
loosely on their shafts and are provided with clutch teeth on 
their front faces, which ale engaged by clutches D and E, 
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which are feathered to the cross-feed screw and the feed-shaft, 
respectively. Both clutches are operated by a single lever F 
through a small handle H and rack and pinion G and J. 

When lever H is pushed toward the rear, clutch D is en- 
gaged with gear A, the other clutch E being meanwhile moved 
further away from its mating gear B. If the handle H is 
pulled toward the front, clutch E is moved into engagement, 
thus starting up the longitudinal feed. When the handle is 
vertical o r  in the mid-position, both clutches are out of en- 
gagement, and the cross and longitudinal feeds are inoperative. 
Obviously, then, it is impossible for the two feeds to be en- 
gaged at the same time. 

Referring now to the screw-cutting motion, the nut is en- 
gaged through the usual type of cam-plate K by depressing 
the handle, so that the two half-nuts are engaged with the 
lead-screw. Immediately above the cam-plate is a short length 
of round rod L, the lower end of which is pointed to fit into 
a conical depression in the periphery of the cam-plate. The 
upper end just touches the round rack G when rod L is in its 
lowest position. Corresponding with the neutral position of 
the two feed clutches is a hole in rack G opposite rod L. When 
handle H is in the mid-position, the cam-plate handle can be 
depressed, rod L meanwhile being slightly raised until its 
upper end enters the hole in rack C, thus preventing the latter 
(and with it the feed clutches) from being moved. When 
the cam-plate handle is in the upper position so that the half- 
nuts are disengaged from the lead-screw, either of the feed 
clutches can be engaged as required, but no matter which is 
engaged, the hole in rack G is moved out of line with rod L, 
so it is impossible for the rod to be raised, and consequently 
for the lead-screw nuts to be operated. It will be seen, there- 
fore, that only one of the feeds can be in operation at any 
given time, so that the engagement of any of the three feeds 
definitely locks the remaining two out of engagement. 

Interlocking Device for a Geared Drive.-Fig. 9 shows 
a more complicated system of interlocking, as utilized in the 
design of a six-speed, all-geared drive machine tool. In the 

example to be considered the transmission consists of nine 
gears and three shafts. The drive is from a pair of tight and 
loose pulleys. The speed of the pulleys is about 500 revolu- 
tions per minute, and it is this comparatively high speed that 
makes it necessary that all the speed-changing levers be inter- 
locking, so as to minimize the risk of damage by preventing 
the engagement of the gears while under load. The correct 
relative location of the shafts is shown in the end view at the 
left. The plan view at the right merely shows the three sets 
of gears as if they were all in the same plane. At  A is the 

Fig. 9. &&r-box Drira with Nl Controlm IntatlocLaU 

pulley shaft which carries twin gears having an axial move- 
ment that permits them to be engdged with either of two 
gears on shaft B. The latter is an eccentric shaft carrying 
four gears, all of which are fixed together, but run loose (as a 
whole) on the shaft. Shaft C carries three gears which may 
be engaged a t  will with the three mating gears on shaft B. 

The gears on shaft B give three speeds, which are doubled 
by the twin gears on shaft A, thus giving SIX speeds in all. 
It might be mentioned, at the outset, that this design of gear- 
box is not presented as an ideal one, but it is an excellent 
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example of interlocking, and it is only with this point that 
we are immediately concerned The eccentric shaft B is 
really the foundation of the whole system. This shaft is con- 
trolled by a lever D, fitted with a spring plunger which holds 
it in the vertical position. Slightly more than a 90-degree 
angular movement is required to bring the lever into the posi- 
tion indicated at E, which causes the gears on the eccentric 
shaft to be thrown entirely out of mesh both with the gears 
on shaft A and with those on shaft C. 

Referring now to shaft A, the larger of the two gears car- 
ried by this shaft has a washer 0 secured to it, which is of a 
diameter equal to the external diameter of the gear itself. 
This washer must lie either on the right or on the left of gear 
N; that is, it cannot be located anywhere in the width of face 
of gear N, because it would interfere with the teeth. The 
washer 0 thus insures that either the gears R and S or P and 
N are in mesh. Were there no washer, it would be possible 
for the twin gears R and P to be in a mid-position, with two 
pairs of different ratio gears in mesh at the same time. Of 
course, this trouble could be obviated by increasing the dis- 
tance between the gears, but such a course would affect the 
interlocking properities of the design as originally conceived. 
The washers M and L on the largest of the three gears on 
shaft C serve a similar purpose to washer 0. These washer5 
prevent the half and half engagement of the gears, and neces- 
sitate that the eccentric shaft be thrown into the out-of-mesh 
position before the sliding gears can be shifted. I t  is really 
the object of the washers to insure that the eccentric-shaft 
gears are disconnected before a change of speed is made. 

The next step is the connecting of the eccentric shaft to 
the belt-shifting gear, and this is provided for quite simply. 
The belt forks are mounted in a fairly substantial belt bar K, 
which is moved by the lever J. On the end of the gear-box 
is bolted a short slide V provided with a plunger W which has 
pointed ends. The lower end enters a V-shaped groove F 
in the eccentric-shaft lever, and the plunger is held down 
against the lever by gravity. In the belt bar K,  is another V- 
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shaped groove which receives the opposite end of the plunger. 
When the belt is on the fast pulley, the belt bar is in its 

extreme right-hand position, and the V-groove X is out  of 
line with the plunger, the plunger end coming snugly up against 
the body of the bar. In this position, the eccentric-shaft lever 
is locked by the plunger and is engaged with groove F in the 
quadrant of the lever. Since none of the sliding gears can be 
moved (because of the washers previously referred to) until 
the lever has been swung to position E, it follows that no 
change of speed can be made until the belt is first shipped on 
the pulley and the power thus shut off. Further, when the 
belt bar is moved to the left until groove X is opposite the 
upper end of the plunger-the belt then, of course, being on 
the loose pulley-the act of swinging down the eccentric-shaft 
lever raises the plunger into groove X, thus locking the belt 
on the loose pulley until the eccentric shaft is again returned 
to its "in-gear" position. 

With the lever in position E, the two sets of sliding gears 
may be manipulated as occasion requires, and when the desired 
change has been made, the gears are again engaged by return- 
ing the lever to its original position, after which the belt is 
shipped to the fast pulley. If the sliding gears are not cor- 
rectly positioned sidewise, the washers 0, M, o r  L, by inter- 
fering with their respective gears, will not allow the eccentric 
shaft to go fully back into its normal "in-gear" position, so 
that, here again, the operator has little chance to blunder . 

To alter the speed, the sequence of movements is as  fol- 
lows : ( 1) Move the driving belt on the loose pulley; (2)  
swing down the eccentric-shaft lever; (3)  move the two 
sets of sliding gears to the required positions by means of 
levers G and H; (4) swing back the eccentric-shaft lever; 
and (5 )  ship the belt on the fast pulley. The interlocking 
arrangements insure that this sequence is always followed, and 
though it may sound a little complicated and involved, it is 
much more quickly done than described, and the arrangement 
certainly removes practically all risk of injury t o  the gear. 

Regarding the introduction of an eccentric shaft, there may 
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be some difference of opinion as to the efficacy of this arrange- 
ment. It is open to  the objection that it tends to slow down 
the operation of the machine, because of the necessity for 
allowing the machine to come to rest before the eccentric 
shaft can be safely swung back into the "in-gear" position. 
When ordinary sliding gears are used, the power is first shut 
off, the necessary speed changes made, and the belt reshipped, 
before the machine has fairly come to rest, thus saving a cer- 
tain amount of time. On the other hand, there is one advan- 
tage to be derived from the use of the eccentric shaft, and 

that is the fact that 
double helical gears can 
be used for the driving 
gears, i f  desired. If 
this is done, the drive 
will be much smoother 
and less noisy - two 
features of importance 
when the speeds are so 
high. 

Another advantage of 
the eccentric shaft is that 
it reduces the over-all 
length of the gear-box, 
because it does away 

Pig. 10. Interlocklnt Device for 
Double Back-geara 

with the necessity of 
having a space of two 

face-widths between the gears, as at Z With ordinary sliding 
gears, this distance would have to be slightly greater than 
twice the face width of the gear so as to allow one gear to 
slide out of engagement before the other tntered. By swing- 
ing the gears out of mesh, as is done by the eccentric shaft, 
the distance 2 between the fixed gears is reduced to slightly 
over half, thus giving greater compactness. 

Interlocking Arrangement for Back-gears. - Another appli- 
cation of the washer or shroud idea is illustrated in Fig. 10, 
which shows a simple device by means of which the double 

back-gears of a lathe or other machine are prevented from 
being engaged so as to cause damage. As ordinarily made, 
there is nothing to prevent double back-gears from being 
engaged with both pairs of teeth in mesh, in which case serious 
damage would probably result. If, however, the gears are 
arranged as shown, with a washer, or  shroud, equal to  the 
external diameter secured to the larger cone gear D, there 
is not the slightest possibility of the gears being otherwise 

than correctly engaged. 
In some cases the two 
sliding gears A and B on 
the quill are not provided 
with washers and are 
pushed across from one 
position to  the other by 
hand, so that should they 
happen to stick in some 
intermediate po  s i t  i o n ,  
both pairs of gears would 
be engaged at once if the 
eccentric gear - meshing 
shaft were manipulated. 

With the arrangement 
shown, the gears must be 
correctly located side- 
wise; if they are not, the 

pril. 11. interlock in^ Device for Power washer E will prevent 
Elevating Mechanlam t h e i r engagement by 

coming in contact with the top of the teeth of sliding gear B. 
Incidentally, it might be mentioned that double helical gears 
in this connection would do away with the necessity for any 
interfering device whatever, as the V-shaped teeth would pre- 
vent any axial movement unless the gears were first thrown 
out of mesh. 

Interlocking Device for Power-driven Machine Tool Ele- 
vating Mechanism - Power elevating mechanisms, which are 
often used in machine tool design, should be equipped with 
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some form of interlocking device which would insure that 
the parts to be elevated are unclamped before the power is 
applied. The arrangement illustrated in Fig. 11 is designed 
t o  prevent such accidents. The shaft A, which by partial 
rotation controls the elevating gears, has a wide flat on one 
side, while the clamping lever B has a fan-shaped projection 
C which, when the lever is in the upper position, fits snugly 
against the flat of the shaft and thus prevents the shaft from 
being rotated. When the lever is pulled into the lower posi- 
tion (as shown by the full lines), the parts to be elevated are 
unclamped, the tail of the lever moves clear of shaft A, and 
the elevating gears may then be engaged as required, in the 
certainty that everything is in order and that there is no risk 
of breakage. 

In some cases a different method from the one just described 
is followed. Somewhere in the elevating mechanism-usually 
in the connection between the elevating screw and its driving 
gear-a slipping device is fitted, this device being so adjusted 
that it is quite capable of performing its normal duty; b t ~ t  
should there be any accidental over-running, or  should the 
operator have forgotten to unclamp, or any other abnormal 
circumstances arise which unduly increase the load, there 
would be a slippage and not a breakage, thus saving the ma- 
chine from serious damage and breakdown. 

CHAPTER I X  

DRIVING MECHANISMS FOR RECIPROCATING 

PARTS 

MACHINES of many different types are equipped with some 
form of mechanism for changing a rotary motion to a rec- 
tilinear or straight-line motion, or vice versa. The design of 
such a mechanism may depend upon the kind of motion re- 
quired, the amount of power to be transmitted, or other con- 
siderations. In this chapter, various mechanisms, especially 
of the more unusual designs, are described, 

Relative Motions of Crankpin and Cross-head. - I n  some 
cases, especially in connection with steam engine work, it is 
important to note the relative motions of the crankpin and 
cross-head, o r  whatever part has a straight-line movement. 
The crankpin has a practically uniform velocity, but the slid- 
ing member, which in the case of a steam engine consists of 
the cross-head and piston, has a variable velocity. Each time 
the cross-head reaches the end of its stroke, it starts from a 
state of rest and the velocity increases during approximately 
one-half of its stroke and then decreases until the cross-head 
again comes to a state of rest at  the opposite end of the stroke. 
The relative positions of the crankpin and cross-head also 
vary at every point of the stroke. The position of the crank 
when the cross-head has traversed one-half its stroke is indi- 
cated by the diagram Fig. 1. If the crank were rotating in 
the direction indicated by the arrow, it would turn through 
some arc a less than 90 degrees, to bring the cross-head to its 
mid-position, and through a greater arc b for the remaining 
half of the stroke of the cross-head. I t  will thus be seen that 
the relative motion between the cross-head and crank during 
the first half of the stroke is different from that of the second 
half. This variation in movement is further illustrated by 
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locating the distances that the cross-head moves for equal 
movements of the crank; for example, if the crank is moved 
through an arc c, from the dead-center position, the cross-head 
will move a distance y, but if the crank is placed on the oppo- 
site dead center and then moved through an arc d, which is 
equal to  c, the cross-head will move a distance s, which is less 
than y. This is due to the fact that one-half of the crankpin 
circle curves toward the cross-head, whereas the other half 
curves away from it. This variation of motion has an im- 
portant effect on the design of steam-engine valve-gears, and 
it is objectionable in some types of mechanisms. The length 
of the connecting-rod from the center of the cross-head wrist- 

Fig. 1. Dlammr Showing R b l a t f ~ a  Yotlonr of Cmkpla and Crbu-head 

pin to the center of the crankpin is usually equal to from 4% 
to  6% times the crank radius, on steam engines. 

Crank and Slotted Cross-head or "Scotch Yoke!' - The ir- 
regularity in the motion of a cross-head relative to the crank 
with the ordinary form of crank mechanism depends upon the 
length of the connecting-rod. The greater the length of the 
connecting-rod, the less the irregularity of motion. If it were 
practicable to use a connecting-rod of very great length, the 
horizontal movement of the cross-head would be practically 
the same as the movement of the crankpin measured hori- 
zontally. If the connecting-rod were of infinite length, theo- 
retically the movement of the cross-head and crankpin in a 
horizontal direction would be alike. 
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A simple form of mechanism for  eliminating the irregu- 
larity of motion common to all ordinary crank drives, is known 
as a "crank and slotted cross-head" o r  the Scotch yoke. The 
cross-head a (see Fig. 2) has a slot which is at right angles 
to the center-line xx representing the direction of rectilinear 
movement. The crankpin carries a block, which is a sliding fit 
in this slot, and is free to revolve about the pin. As the crank 
revolves, the distance which the crankpin moves, as measured 

Fir. 1. Blotted Clou-hwd or Scotch Yoko 

in a horizontal direction, will be the same as the movement 
of the cross-head. This mechanism is sometimes called a 
hmmonic rnotiott, because if the crank rotates uniformly, the 
cross-head will be given a harmonic motion. When a point, 
as a t  b, moves with uniform velocity along a circular path, 
point c will have a harmonic motion along the center-line xx; 
hence, harmonic motion may be defined as the movement of 
a point along the diameter of a circle, which is projected from 
a point moving with uniform velocity along the circumference. 
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The crank and slotted cross-head has been applied to some 
types of steam pumps. One of the rods extending from the 
slotted cross-head carries the steam piston and the other, the 
water piston. The crank is a driven member, and its radius 
regulates the length of the stroke. By mounting a flywheel 
on the crankshaft, steam may be cut off before the end of the 
stroke and used expansively, because of the energy stored in 
the flywheel. The crank and slotted cross-head is a very com- 
pact form of mechanism, although the sliding motion of the 
block in the slotted member causes more friction and wear 
than the ordinary crank and connecting-rod. The latter is 
also simpler in construction and is, therefore, used almost 
exclusively as an engine connection, as well as for many other 
classes of machinery. 

The diagram B, Fig. 2, shows a modification of the crank 
and slotted cross-head or Scotch yoke. This mechanism gives 
the same motion as the one illustrated at A, but the cross-head 
has two slots at right angles to each other, so that it can be 
placed on a continuous shaft. The vertical slot is for the 
sliding crank block, whereas the horizontal slot forms a clear- 
ance space for the shaft. With this design, the crank could 
be placed at any intermediate point on the shaft without using 
a center crank. I t  is not as compact, however, as form A, and 
the vertical slot is not continuous, which is an objectionable 
feature. 

Scotch Yoke Modified to Give 60-degree Dwell at Each End 
of Stroke. -With the design of Scotch yoke shown in Fig. 3, 
the driven cross-head or slide has a dwell at each end of the 
stroke equivalent to about 60 degrees of crank rotation. This 
mechanism is part of a double flanging press used in the manu- 
facture of certain cans. The flanging is done in three opera- 
tions at the rate of eighty cans per minute, and as a slight 
amount of time is required for the cans to drop from one 
working position to another, the dwell obtained with this 
mechanism allows for this. The drive is from pinion A to 
gear B. The eccentric crank C has a bearing in gear B, and 
carries at one end (see plan view) a pinion D which meshes 

with a stationary gear E, the ratio of these two gears being 
2 to 1. 

As gear B revolves, the planetary pinion D rotates around 
fixed gear E; consequently, crankpin C turns about the axis 
F (see Fig. 4) of its bearing in gear B, while this axis fol- 

Fig. 3. Scotch Yoke Having an Eccentric Planstar). Crankpin which Provide8 1h.a 
at Each End of Stroke 

lows a circular path G. These combined rotary motions of C 
about F and of F around path C cause the axis of eccentric 
pin C to describe an oblong path, as indicated by line H. The 
straight sides of this oblong path represent the dwelling periods 
at each end of the stroke. This approximately straight-line 
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movement of the center of pin C during nearly 60 degrees of 
crank rotation on each side is due to the fact that the center of 
crankpin C moves inward toward center J, so as to offset, 
during this period, the circular movement. The driven slide 
or  cross-head is supported on pivoted guides K and L, Fig. 3. 
This mechanism doubtless can be applied to various classes 
of machinery requiring dwell at the ends of the stroke. 

prevents under-grinding at each end of the spindles. The 
illustration shows a plan view and two positions of the 
mechanism. 

In Position 1, the parts are shown as they slide the carriage 
toward the end of the first traverse, while in Position 2 the 
return traverse has started. The driving rod, which is  not 
shown, is connected to the connecting a rm K, by an adjusting 

Fig. 4. Diagram Shoring How Eccanhic Rotation of Crankuln 
Canaar Dwell at Endr of Sboka 

Crank Designed to Traverse Slide at Uniform Rate.- 
An interesting and unique mechanism for controlling the 
traverse motion of the carriage on a grinding machine is 
shown in Fig. 5. This mechanism is designed to feed the 
carriage by means of a crank motion. The accelerated motion 
given to the crank at  the ends of the stroke is the principal 
feature of the device. This acceleration gives the carriage 
a uniform rate of travel the full length of the stroke which 

I I 
Fig. 5. Meclunlrm for Obtaining Uniform Rats of Trararre of 

Orlnder Carriage, with Crank Motion 

screw and nut. Worm-shaft L, which receives its motion from 
the main drive of the machine by means of bevel gears, car- 
ries worm I ,  which drives the upright shaft A through the 
worm-wheel N in the direction shown by the arrow. Driving 
arm F, is keyed and fastened by set-screws to A, as shown, 
and carries, at  its outer end, a stud which is fastened by set- 
screws in hole B. Segment D has a forked or clevised end, in 
which the roll H is carried, revolving freely on stud C. The 
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segment and roll are capable of pivoting on the stud at  B. 
Segment E is loose on shaft A, and carries crank-arm G 
fastened to it by means of a screw and dowel-pin. The seg- 
ment is prevented from lifting off by a head on the upper end 
of the shaft. 

The grinding starts with roll H at point S, one full traverse 
being from S to S,, where the return motion starts, ending 
automatically at S, after the necessary number of traverses 
has been completed. As the arm F swings around on A, seg- 
ment D, which meshes with segment E, forces roll H against 
cam P. 

When H reaches point S1, and one traverse has been com- 
pleted, the heel of cam P throws H toward the center, forcing 
the segment E, which is free to turn clockwise on A, to sud- 
denly revolve about five teeth. This action throws arms G 
and K forward quickly, and incidentally the carriage as well, 
preventing a dwell at the end of the spindle. The resulting 
relation of the parts is shown in Position 2. Arm G has a 
T-slot, in which the connection K may be adjusted, in or out, 
to obtain the desired throw, that is, the proper length of the 
traverse. 

The feed of the carriage being constant, the same amount 
of time is consumed on either long or short traverses. Since 
the speed of A is always the same, as the length of the spin- 
dles increase, the number of traverses required is also in- 
creased, by means of a knock-off device. It is obvious that 
the depth of the cut on short spindles is greater than that on 
long spindles, and that fewer traverses are required to grind 
short spindles to the desired size, and vice versa. 

Crank Mechanism for Doubling the Stroke. - A crank and 
link mechanism is shown in Fig. 6 which makes it possible 
to obtain a rectilinear motion approximately equal to twice 
the throw of the driving crank. This mechanism is shown 
applied to  an air pump for use on automobiles, either for the 
inflation of tires or in connection with engine starting appa- 
ratus requiring compressed air. The crank proper is of the 
center type with a bearing on each side. The connecting-rod 

is attached to the yoke A which is mounted on the main crank- 
pin. The opposite end of this yoke is pivoted to link B which 
is suspended from a pin attached to the compressor casing. 
As the crankshaft rotates, this link oscillates and so controls 
the position of yoke A that the stroke of the piston is approxi- 
mately doubled. The view to the left shows the piston at  the 
lower end of its stroke. As the crank turns in a counter- 
clockwise direction, link B swings to the right so that the right- 
hand end of yoke A is forced downward and the left-hand 

Fig. 6. Crank Xeehmim for Doublin~ the Stroke 

end upward, as  indicated by the right-hand illustration which 
shows the piston at  the top of its stroke. The advantage of 
this crank mechanism is that it enables a comparatively large 
capacity to be obtained from a small compact pump. 

Pinion and Rack Mechanism for Doubling Stroke.- 
Another method of doubling the stroke when a crank of 
relatively small size is necessary, owing to a limited space, 
or desirable, in order to obtain a compact design, is by means 
of a fixed and a movable rack having a crank-driven pinion 
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interposed between them. The pinion is pivoted to the end 
of the crank connecting-rod so that it is  free to roll along 
the stationary rack when the crank revolves. As the result of 
this rolling movement of the pinion, the movable rack is given 
a rectilinear motion equal to twice the stroke of the crank, 
or twice the diameter of the path described by the crankpin. 
This mechanism has been used for driving the beds of cylinder 
presses. 

A modification of the plain gear-driven crank is shown in 
Fig. 7 which illustrates the bed motion of a two-revolution 
pony press. The driving and driven gears A and B are of 
the elliptical form in order t o  compensate for the motion 

Fig. 7. Cmak-driven Pinlon Engrglng Strtlonav and Xorable Rack for 
Donhllng Stroke 

derived from a crank rotating a t  uniform velocity. The driven 
gear B revolves the crank which, in turn, transmits motion 
to pinion C by means of the connecting-rod shown. This 
pinion is rolled in first one direction and then the other along 
the stationary rack D, and imparts a rectilinear motion to rack 
E and the press bed. The press bed moves a distance equal 
to twice the distance that the axis of gear C moves, or  four 
times the radius of the driving crank. The elliptical gears 
are so proportioned and located relative t o  the crank as to  
give a more uniform motion to the press bed than could be 
obtained with a crank rotating at uniform velocity. With 
an ordinary crank, whatever part is given a rectilinear motion 

starts from a state of rest, and the velocity gradually increases 
toward the center of the stroke and then decreases until it 
again becomes zero at  the opposite end of the stroke. With 
the elliptical gearing shown, as the pinion C approaches either 
end of its stroke and the crank advances toward the "dead- 
center" position, the long side or radius of the driving gear 
comes into engagement with the driven gear and increases 
its velocity, and also the velocity of the crank. As the return 
stroke begins, the velocity of the driven gear and crank gradu- 
ally decreases, because the radius of the working side of the 
driving gear gradually diminishes; the result is that, when 
the crank is a t  right angles to  the line along which the axis 
of pinion C moves and is in a position to impart the maximum 
velocity to pinion C, the speed of the crank is slowest, because 
it is then driven by the shortest radius of the driving gear. 
As the crank moves away from this central position at right 
angles to the center-line of motion, the speed is gradually 
accelerated again so that pinion C does not slow down as it 
would with a crank rotating at uniform speed. The reversal 
of the heavy press bed is assisted by means of "air springs" 
or cushions, the same as on cylinder presses in general. This 
mechanism is intended for small presses. 
Compact Long-stroke Mechanism - The mechanism shown 

in Fig. 8 was designed to give a long stroke within a small 
space. A harmonic reciprocating motion is obtained. The 
device consists of two gears A and B fitted on eccentrically 
positioned shafts C and D. Two concentric surfaces turned 
on each gear act as eccentrics with respect to the shafts. Two 
yokes E and F with two stays secured by bolts G, keep the two 
gears in mesh as shown, the gears being meshed in such a 
manner that the shafts are nearest each other at one end of 
the stroke. The drive shaft C is mounted in bearings on the 
machine frame, and the other shaft D is attached to the re- 
ciprocating part of the machine with its gear free to turn on 
the shaft or  with the shaft. 

If desired, the machine can be equipped with ball or roller 
bearings throughout, and it can be made fairly light by using 
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hollow shafts and gears. The full lines show the mechanism 
in the position it occupies at  the upper end of the stroke, the 
dotted lines at H show the mechanism in the position it occu- 
pies when the drive shaft has rotated through an angle of 90 
degrees, while the dotted lines at 1 show the mechanism at  
the end of the down stroke, after the drive shaft has rotated 
through an angle of 180 degrees. If the driven gear is located 
180 degrees from the position shown, rotation of the driving 

Pig. A Long-stroke Mechanism so Derlrned that Length of Stroke 
Depend* upon Rel&tlve Positions of Eccentric Oears 

gear will not result in reciprocating motion; therefore, a stroke 
from zero to the maximum can be obtained by varying the 
relative positions of the driven and driving gears. For any 
relative position except that which gives maximum stroke 
length the stroke will not be a simple harmonic motion. 

Long-stroke Mechanism for Windmill Pump. - An ingeni- 
ous mechanism used in the head of a windmill in order to 
obtain a long stroke for the pump rod and still allow the 
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wind wheel to run at an efficient speed is shown in Fig. 9. A 
vertical section through the gearing is shown at the left, a 
front view in the center, and a front view at approximately 
midstroke at the right. In these different views, each part 
referred to is indicated by the same reference letter. 

The main shaft A is supported i'n the main bearings C (left- 
hand view) which are held in housings in the head casting 
B of the mill head. The actual wind wheel is connected to 
the shaft at  E, a coupling only being shown. On the main 
shaft is keyed a pinion D which meshes with an internal rack 
H. This rack consists of two vertical sections which the pin- 
ion D engages alternately, and connecting semicircular sec- 
tions at  top and bottom. The rack is provided with four 
steel rollers J ,  which engage with the cam K at  the bottom 
and top of the pump stroke. These cams throw over the 
rack at the end of each stroke and thus reverse the direc- 
tion of travel of the pump rod F, which is shown connected 
to the bottom of the rack at  G. An extension of the rack at  L 
consists of a steel guide plate which is in contact with a flanged 
roller M, and this keeps the pinion D in mesh with the rack 
H. This is clearly illustrated in the right-hand view, which 
shows the pump at approximately midstroke. The roller M 
is shown in the central view, passing across the bottom por- 
tion of the guide plate; it will make contact next with the in- 
side face of the guide plate, and thus keep the pinion D in 
mesh with the opposite side of the rack H. The swing of 
the rack is only about 1 inches; consequently there is very 
little angular motion of the pump connecting-rod. 

With the gearing shown there is one stroke of the double- 
acting pump to two and a half revolutions of the wheel. On 
account of the slow motion of the gear, the wear of the work- 
ing parts is slight and the mechanism as a unit is efficient. 

Reciprocating Motion from Double Rack and Shifting Spur 
Gear.- If a gear rotating continuously in one direction is 
between parallel racks, so that it can be engaged with first 
one rack and then the other, these racks will be moved in oppo- 
site directions. For instance, if the top side of the gear moves 

one r a w  to the right, the lower side will move the other rack 
toward the left. Some flat-bed printing presses are equipped 
with this double-rack and shifting-gear mechanism for driv- 
ing the bed in first one direction and then the other. With  
mechanisms of this class, one rack is first traversed past the 
gear; when the gear and rack are entirely disengaged, the gear 
is shifted axially far enough to align it with the other rack. 
While this shifting movement takes place, the motion of the 
bed is arrested, and it is reversed by some auxiliary mechanism 
which moves it far enough to bring the other rack into en- 
gagement with the driving gear. Press bed motions of this 
general type differ principally in regard to the method of 
moving the press bed at the ends of the stroke, at the time 
when the driving gear and rack are disengaged. 

Napier Motion for Press Beds. - When a gear or pinion is 
in mesh with a single rack and rotates in one position, obvi- 
ously both the gear and rack must reverse their direction of 
motion at  the end of each stroke. The gear, however, may 
rotate continuously in one direction if it is arranged to engage 
the upper and lower sides of a rack designed especially to per- 
mit such engagement. A mechanism of this type, known as 
the Napier motion and also as "mangle gearing," has been 
used for imparting a rectilinear motion to  the tables of flat- 
bed printing presses. The principle of the Napier motion will 
be apparent by referring to Fig. 10. The rack A is attached 
to a frame B which is secured to the table of the printing press. 
The rack teeth are of such a form that the gear C may mesh 
with the rack on either the upper or  lower sides. The shaft 
D, upon which the gear C is mounted, is  rotated through a 
universal coupling, which permits it to swing in a vertical 
plane so that the gear may pass from the upper side of the rack 
to the lower side, and vice versa. The gear shaft is made to 
move in a vertical plane by a stationary slotted guide E having 
a vertical slot that is engaged by a sliding block mounted on 
the shaft. Spherical-shaped rollers F are  mounted at  each 
end of the rack, and the gear has a socket or  spherical depres- 
sion formed in it for engaging the rollers, each time the gear 
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moves around the end of the rack when passing from one side 
to  the other. Opposite each end of the rack, there are guide 
plates G having curved surfaces which are concentric with the 
rollers at the ends of the rack. The gear C also carries a roller 
H which engages these curved guides as the gear moves up- 
ward or downward at  the points of reversal. 

The action of the mechanism is as follows: If the gear is 
on the upper side of the rack, as shown in the illustration, and 
i t  is revolving to the left or counter-clockwise, the rack will 
be driven to the right with a velocity equal to the motion at 

Fig. 10. Tho Nnpirr Yotion tor Flatbed Rlatlng Pram 

the pitch circle of  the gear. As soon as the gear engages the 
roller F on the end of the rack, it begins to move downward 
in a vertical plane, because its motion is constrained by guide 
E. When the gear is in mid-position so that its axis coincides 
with the center-line of the rack, it will have made a quarter 
turn, thus moving the center of roller F farther to the right, 
a distance equal to the radius of the pitch circle. Farther 
movement of the gear downward causes the rack to reverse 
and move toward the left; the gear then operates on the 
under side of the rack until the roller at  the right-hand end of 

the rack is engaged, when the upward movement of the gear 
takes place and there is another reversal of motion. 

The total length of the stroke is equal to the distance be- 
tween the centers of the rollers on the rack, plus the pitch di- 
ameter of the gear. The length of the rack must equal the 
pitch circumference of the gear or some multiple of it, so that 
the rollers at  the end will engage the socket or depression in 
the gear a t  the points of reversal. If a gear is used having 
two roller spaces located 180 degrees apart, the length of the 
rack or the center to center distance between the rollers may 
be some multiple of half the pitch circumference. The 
teeth on each side of the rack incline from the horizontal at 
the same angle as the gear axis when in its upper and lower 
positions, to obtain a full contact of the gear teeth. The gear 
also has a plain cylindrical shoulder on the inner side, which 
rolls upon a plane surface J at  the base of the rack, to give a 
smoother action than would be obtained from a gear sup- 
ported entirely by tooth contact. This arrangement of gear- 
ing imparts a uniform motion to the press table, excepting 
any variable movement resulting from a universal joint, and 
gives a gradual reversal of motion at the ends of the stroke. 
The Napier motion may be desigqed for any length of stroke, 
although the stroke remains constant, as there is no way of 
making an adjustment. 

Modified Napier Motion for Saw-filing Machine. - An in- 
teresting mechanical movement for obtaining the motion re- 
quired in filing the teeth of handsaws is shown in Fig. 11. 
As one file is being drawn across the saw, the other file, which 
has been raised to clear the saw, is returning. When the file 
in the raised position reaches the end of the return stroke, 
it is lowered to the saw, and during the filing stroke, the first 
file mentioned is being returned in the raised position, the 
files operating alternately. 

The mechanical motion for operating the two files is  de- 
rived from the combination of a special internal gear driven 
by a pinion having a projecting shaft which engages a slotted 
cam ~ u i d e  that keeps the pinion and internal gear in the proper 



Fig. 11. Mechanlm of a Duplex Handsaw-Illlag Machine, whish Ralres Each Ffle During the  R e b  Stroke. Left-hand View Show. 
Pile near the End o t  I t s  Cut and About to Lift Away From the Saw 
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relative positions. The illustration shows a front 
view of the two filing heads and a section x-y 
through the left-hand head. The outside of one 
filing head is shown at the right of the illustration, 
and the inside mechanism is shown by the left-hand 
view of the opposite head. 

Each slide is pivoted on a shaft A, and pinion B 
revolves in mesh with the internal gear C. The 
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motion. The file-holding head E operates on the 
slide F during the filing and return strokes. On the 
filing stroke, the internal gear teeth are being driven 
from the bottom of the pinion gear, whereas on the 
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a flat form on the press bed which moves horizontally beneath 
the cylinder. This cylinder makes one revolution during the 
printing stroke and a second revolution while the press bed is 
being returned. In order to avoid contact between the cylin- 
der and the bed or form during the return stroke, the cylinder 
is raised slightly by a suitable mechanism. The rotation of 
the cylinder is continuous in one direction and it is imperative 
that the cylinder and press bed move exactly in unison. The 
circumferential velocity of the cylinder should equal the linear 
velocity of the bed, because any relative motion would cause 
slurring on the printed sheet and it would be impossible to 
obtain sharp clean-cut impressions. As the cylinder revolves 
a t  a uniform speed, obviously the mechanism for driving the 
bed must be designed to give a uniform motion while the 
impression is being made. In order to properly time the 
motion of the cylinder and bed, the cylinder is connected by 
gearing and suitable shafts with gear A, which transmits 
motion to the bed; therefore, the press bed motion rnust be 
designed to reverse the movement of the bed without reversing 
the motion of gear A, since this gear rotates in unison with 
the cylinder or continuously in one direction. 

This driving gear A is mounted between parallel racks B 
and C, both of which are attached to and travel with the bed. 
The distance between the pitch lines of these racks corresponds 
to the pitch diameter of the driving gear A. The racks are 
not directly in line, but are offset as shown by the end view, 
so that, when the gear is in mesh with one rack, it will clear 
the other one. The lateral movement of gear A for aligning 
it alternately with racks B and C is derived from cam D, 
which transmits motion by means of a lever and yoke engag- 
ing the gear hub. 

When the press is in operation, the bed is moved in one di- 
rection by the engagement of gear A with rack B and in the 
opposite direction by meshing gear A with rack C. If gear A 
is revolving in a clockwise direction while in mesh with rack 
C, the latter and the press bed (the motion of which is con- 
strained by guides) will move toward the left. When the press 

is in motion, this movement toward the left continues until the 
rack is entirely out of  mesh with gear A; just before the dis- 
engagement of gear A and rack C, the crankpin E, which is 
provided with rollers, comes around and enters between the 
parallel faces of a fixed reversing shoe F and a swinging o r  
movable reversing shoe G. The fixed shoe is rigidly attached 
to the press bed and rack frame, whereas the movable shoe 
is pivoted and free to swivel. This swinging reversing shoe 
has a pin on its lower side (not shown) which engages a slot 
or cam that controls its swinging movements. As soon as  
rack C has moved fax cnougl~ tc the left for  shoe G to clear 
the crankpin, the cam swings the shoe inward so that crankpin 
E is confined temporarily between the faces of shoes G and F, 
which form a vertical guide or slot. As the crankpin passes 
its lowest position and begins to move upward, the roller on 
it bears against the face of G and "picks up" the load as gear 
A moves out of mesh with rack C. 

When crankpin E arrives at  the position shown in the illus- 
tration, the motion of the press bed is reversed, because a 
roller on the crankpin then engages the face of shoe F thus 
moving the driven member toward the right. The motion 
continues to be derived from the crank independently of the 
disengaged gear and rack, until the crankpin has passed the 
top quarter or highest position; then gear A enters the upper 
rack B and the motion is transmitted entirely through the 
gear and rack until the crank again comes into action at the 
opposite end of the stroke. At this end, the crankpin is again 
confined between a swinging shoe H and a fixed shoe 3. After 
rack B has moved out of engagement with gear A, crankpin 
E, which is now in its highest position, comes into contact 
with shoe H and continues the movement toward the right 
while making a quarter turn, and then reverses the motion 
as it swings downward against the face of shoe J. While 
crankpin E is controlling the motion and gear A is entirely 
out of mesh, this gear is shifted by cam D out of line with the 
rack B which it just left, and into line with rack C. 

An ingenious feature of this mechanism lies in the pro- 
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vision of two rollers for crankpin E and locating the fixed and 
swinging shoes in different vertical planes. With this arrange- 
ment, each roller is free to revolve in opposite directions as 
the crankpin moves along the vertical faces of the shoes. 
The momentum of the bed is gradually checked at the points 
of reversal, by air cushions or  "air springs." A plunger enters 
a cylinder a t  each end of the stroke and air is compressed to 
arrest the movement, and, by expanding, this air assists in 
accelerating the heavy bed when its motion is reversed. Pro- 
vision is made for regulating the air cushion or pressure ac- 
cording to the speed of the press. The air cushi~n is a feature 
common to flat-bed or  cylinder presses in general. 

Reversal of Motion by Reciprocating Pinions. - The mecha- 
nism illustrated in Fig. 13 is similar, in some respects, to the 
press bed motion just described, in that the parallel-rack and 
shifting-gear construction is employed. The method of oper- 
ating the press bed at the ends of the stroke, however, is en- 
tirely different from that shown in Fig. 12, as reciprocating 
pinions are used to pick up the load and reverse the motion. 
The uniform motion of the bed is derived from pinion A 
which is constantly in mesh with gear D carried on the main 
driving shaft. Pinion A is located between parallel racks B 
and C which are attached to  the press bed. These racks are 
offset, as in the design shown in Fig. 12, so that the pinion 
will clear one rack while in engagement with the other one. 
The shifting of the pinion is controlled by cam E which trans- 
mits motion to  the pinion by means of lever F. The pinions 
for reversing the motion of the bed are located at  G and H. 
The shafts upon which these pinions are mounted are con- 
nected to a heavy yoke J which has a vertical slot o r  groove 
in which a swiveling block attached to the crank K operates. 
This crank is rotated by the main driving shaft, and transmits 
to yoke J and pinions G and H a rectilinear motion equal to 
the throw of the crank. This is a harmonic motion, as yoke 
J and the sliding crank-block operate on the same principle 
as the well-known Scotch yoke. The outer ends of yoke I 
are supported by horizontal guides, and the pinions C and H 
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are constantly in mesh with short racks hi! and L along which 
the pinions roll as  the crank moves them to and fro.  

The action of the mechanism will be apparent by consider- 
ing the various movements which occur [luring a forward  and 
return stroke. The  side view of the assembled mechanism 
shows the press bed in the position where the driving pinion 
A has just come into engagement with the lower rack C. As  
this pinion rotates in a clockwise direction, the bed will be 
driven to the left with a uniform motion. (The  relative posi- 
tions of pinion A and racks B and C are clearly shown by the 
end view.) When the bed has moved so far  to the left that 
pinion A is about to roll out of mesh at  the right-hand end o f  
rack C, pinion G, which, meanwhile, has been moving along 
its rack MI comes into engagement with another short rack P 
(see also end view) attached to the bed. T o  insure the proper 
engagement of pinion G with rack P, the action of crank K 
relative to the motion of the bed is so timetl that  pinion G 
is rolling to the left when rack P which is also moving to  the 
left comes into engagement with it. As pinion A leaves rack 
C, pinion GI which is then in mesh with PI continues the move- 
ment of the bed toward the left until crank K is in the position 
shown by the diagram in the lower left-hand corner of the 
illustration, which represents the end of the printing stroke. 
Further rotation of crank K in the direction indicated by the 
arrow causes a reversal of the rolling motion of pinion G and 
starts the press bed toward the right, motion heing transmitted 
from G to rack P. While this reversal of movement occurs, 
pinion A is being shifted by  cam E into alignment with the 
upper rack B. 

When crank K has moved a quarter revolution from the 
position it occupies at the extreme end of the stroke, pinion A 
comes into mesh with the upper rack B and the short rack P 
leaves pinion G. The view a t  the lower right-hand comer  of 
Fig. 13 shows pinion A about to enter rack B and  pinion G 
leaving rack P. As the rectilinear motion of yoke I is har- 
monic, the movement of the bed is uniformly retarded as it 
approaches the point of reversal and is then accelerated until 

pinion A epgages its rack, when the motion is uniform. When 
pinion A enters a t  the end o f  either rack, the velocity of the 
movement derived from crank K and the reciprocating pinion 
corresponds to the velocity obtained from the driving pinion 
A, so that there is no abrupt change of motion as the load is 
being transferred from the reversing pinion to the driving 
pinion A. As the press bed approaches the opposite end of its 
stroke, pinion H comes into engagement with rack Q and con- 
tinues the movement for a short distance each side of the 
point of reversal or  while pinion A is out of mesh with either 
rack and is being shifted, the action being the same as pre- 
viously described. 

Variable Reciprocating Motion. - The  fly frames used in 
the manufacture of cotton goods are equipped with a mecha- 
nism for  traversing the rovings or slightly twisted slivers of 
cotton as they pass between the rolls of the fly frame, which 
is used to make the rovings more slender and give them a 
twist. The reason for traversing the roving as it passes be- 
tween a steel and a leather-covered roll is to prevent wearing 
the leather covering at one place. On some machines, this 
reciprocating o r  traversing motion is obtained from a crank 
or  a cam. This simple arrangement distributes the wear but, 
i f  the length of traverse is uniform, the tendency is for the 
leather covering to wear the most at  the points of reversal. 
In order to distribute the wear more evenly, the mechanism 
shown in Fig. 14 was designed. With this arrangement, the 
length of traverse gradually increases until it reaches a maxi- 
mum and then decreases until the shortest length of traverse 
is obtained ; the gradual increasing and decreasing of the stroke 
are then repeated. 

The  diagram A illustrates graphically the action obtained 
with a crank motion, and diagram B illustrates the variable 
stroke derived from the mechanism to be described. The 
guide-bar C, which extends the full length of the rolls, has 
small holes opposite each roll section through which the rov- 
ings pass, and it is this guide-bar which receives the recipro- 
cating motion. The  automatic variation of the traversing 
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movement is derived from two eccentrics D and E, which re- 
volve at different rates of speed. These eccentrics are formed 
on the hubs of gears F and G, which are adjacent to each other, 
and are both driven by one worm H as shown by the end view. 
The motion of the eccentrics is transmitted to guide-bar C 
through rods J and K and the bracket L. One of the gears 
meshing with worm H has one more tooth than the other, 
which causes the gears to  rotate at a varying speed. The re- 
sult is that the eccentrics formed on the two gear hubs are 

Fie. 14. Double Gear and Sbift ln~ Eccsntrlc Comblnatlon for 
Antomatiully Varying Trarerdu Moremsnb 

continuaIly changing their position relative to each other, which 
automatically varies the length of traverse for guide-bar C. 
For instance, at one period during the cycle of movements, 
both eccentrics will move rods J and K in the same direction, 
and, at another period, one eccentric rod will be moving back- 
ward while the other is moving forward, thus reducing the 
stroke of the guide-bar. The connections between the eccen- 
tric rods and the bracket are adjustable; an adjustment is also 
provided where the bracket is attached to the guide-bar, so 
that the maximum traversing movement may be varied to suit 
the requirements. 

Another Design of Variable Reciprocating Motion.- 
A mechanism used on cotton fabric machinery for varying 
the traverse of  rolls is designed to give a variable recipro- 
cating motion to slide A (see Fig. IS), which has a move- 
ment varying from zero up to the maximum of 1 inch with 
a gradual reduction back to zero. The slide is traversed 

Fig. U Yechrnltm for Altarnatslp Increulng and Dewerring Mwement of Slid. 

through link B, and the variation in stroke is obtained by 
eccentrics C and D, the relative positions of which are changed, 
thus lengthening or shortening the effective length of link B. 

The driving gear E is keyed to shaft F which receives its 
motion from the machine proper. Gear E meshes with gear 
G directly, and with gear H through two idlers J. Gears G 
and H turn freely on studs. The stud for  gear G is fastened 
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into the driven slide, and the stud for gear H into a bracket. 
The eccentrics are integral with their respective gears, and 
there is a variation in the eccentricity due to a difference of 
one tooth in the gears G and H. When the movement of one 
eccentric neutralizes that of the other, the driven slide remains 
stationary, and this movement gradually increases from zero 
up to the maximum as the relative positions of the two eccen- 
trics change. This traversing movement causes a change in 
the center-to-center distance between gears F and G, but since 
involute teeth are used, this variation does not interfcre with 
the tooth action. 

Rapid Reciprocating Motion from Epicyclic Gearing. - 
What is known as a "wabble" gear is used on mowing ma- 
chines for imparting a rapid reciprocating motion to the cutter 
bar. The arrangement of this gearing and the other parts of 
the mechanism is shown in Fig. 16. The internal gear C is 
so mounted that it cannot rotate but is free to oscillate on a 
universal gimbal joint D. The gear B which meshes with 
one side of C is mounted on the main shaft which connects 
with the driving wheels. The frame J is rigidly connected to 
gear C and is pivoted in the revolving part H. By this means, 
gear C is given an oscillating or wabbling movement, so that 
the entire gear describes or  follows a circular path. This cir- 
cular motion causes the teeth of gear C to mesh with those of 
gear B all around the circumference for each rotation of the 
part H. This part H turns on a fixed shaft E and acts some- 
what as a flywheel to maintain steadiness of action besides 
constraining gear C to follow a circular path. 

In this case, gear C has forty-eight teeth and gear B, forty- 
six teeth; therefore, i f  gear B were free to turn on its shaft, 
it would be displaced two teeth for each rotation of part H 
or  each time gear C completed a circular movement. Conse- 
quently, twenty-three revolutions of part H and a like num- 
ber of oscillations of frame J would be required to turn B 
one revolution. Tracing the motion in the opposite direction. 
it will be noted that one rotation of gear B, which acts as the 
driver when the mechanism is in operation, will cause twenty- 

three oscillations or wabbling movements of gear C and a like 
number of rotations for part H. The frame J is connected 
to the cutter bar by the ball joint at K, so that one turn of the 
driving wheels which are mounted on shaft A will traverse 
the cutter bar twenty-three times. This combination of gear- 
ing makes it possible to use a gear B having only two teeth 
less than the number in gear C, which would be practically 
impossible with gears having teeth parallel to the axis of 
the shaft. With the usual forms of epicyclic gearing, in which 
a high velocity ratio is obtained, the efficiency of transmis- 

Fig. 16. Epic~clic or "Wabble" Oaarlng for Plododng a Rapid 
Reciprocating Yotion 

sion is low on account of the excessive tooth friction, but, in 
this case, the efficiency is said to be nearly as high as that 
obtained with a train of spur gears having the same velocity 
ratio. 

Epicyclic Gear and Crank Combination. - The mechanism 
illustrated in Fig. 17 is applied to an electric coal-puncher. 
One of the difficulties encountered in designing coal-punchers, 
excepting the solenoid type, has been in changing the rota- 
tion of the motor into a reciprocating motion for the drill. 
If the blow is directly dependent upon the motor, the latter 
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causes trouble, owing to the vibrations and strains incident 
to  the blows of the pick, and if springs are utilized they are 
liable to break, Types having separate motors and flexible 
shaft connections have also been tried in order to avoid some 
of these difficulties, but complications were introduced which 
at least partially offset the benefits derived. 

The coal-puncher of which the mechanism shown in Fig. 
17 forms a part uses both compressed air and electricity. 

Fig. IT. Epicyclic h a ?  and CnnL Comblnatlon from rh lch  
Redproutlng Yotion la Darlred 

Power for operating the coal-puncher is obtained from a motor 
and the compressed air gives the blow. There is no direct 
connection between the motor and striking pick, so that the 
vibrations are cushioned. The illustration shows the mechani- 
cal means by which the rotation of the motor armature is 
changed to  a reciprocating motion for driving the air-com- 
pressing piston. A small oinion attached to the armature 

shaft engages a large driving gear (not shown) which has a 
solid web carrying the stud d upon which the crank pinion e 
is mounted. This crank pinion has 33 teeth and meshes with 
internal gear f which is rigidly fastened to  the frame of the 
machine and is concentric with the main driving gear which 
surrounds it. The pitch diameter of the crank pinion e is 
just one-half that of the internal gear f which has 66 teeth. 
The crankpin g is attached to the pinion e and engages cross- 
head h which is mounted in guides and receives a rectilinear 
motion as pinion e revolves around the internal gear. Attached 
to the cross-head, there is a piston-rod a which enters the air- 
compressing cylinder and has a piston secured to its forward 
end. 

When the main driving gear is revolved by the motor, the 
crank pinion stud d describes a circular path, as indicated by 
the arrows, thus causing pinion e to revolve about the stud 
and around the internal gear. When the pin d has moved one- 
quarter of a revolution, it will be in the position shown by 
the illustration to  the right, and pin g attached to cross-head h 
will be in the center of the internal gear. At the completion 
of one-half a revolution, pin g will have moved in a straight 
line a distance equal to the pitch diameter of the internal gear, 
and will be at the right-hand end of its stroke. Similarly, at  
three-quarters of a revolution, the pin will again be in mid- 
position, and a t  the completion of a full revolution, it will be 
at the starting point, as shown by the view to the left. In  
this way, the crank pinion, as it revolves around the internal 
gear, transmits to  pin g and the attached cross-head h a rec- 
tilinear forward and backward movement. The cross-head is 
mounted in guides, but pin g would iollow a straight line even 
though guides were not used. 

The way in which the air is compressed and utilized to im- 
pel1 the pick-carrying piston forward, all in one cylinder, will 
be described. A sectional view of the a i r  cylinder is shown 
at C in Fig. 17. The air cylinder contains two pistons j and k. 
The rear piston j is attached to rod a connecting with the 
cross-head. The front piston k has no connection with j, but 



RECIPROCATING MECHANISMS RECIPROCATING MECHANISMS 

it is attached to the drill or  pick socket by the rod 1. The first 
stroke of the pick is purely mechanical. The rear piston j 
moves forward, pushing the front piston k. During this 
stroke, air is drawn into the cylinder behind the piston j, 
through the main inlet valve o.  On the return stroke, this air 
is compressed and at the same time the front piston k  is drawn 
back by the partial vacuum created by the piston j, air being 
admitted in front of k through a port p. When the return 
stroke is completed, the rear piston has passed the by-pass 
opening q in the cylinder, which opening is between the two 
pistons at  the time. This allows the compressed air to force 
the front piston forward, exactly as in any compressed air 
drill. I n  this way, the first real stroke of the machine is made; 
that is, the mechanical stroke previously mentioned is made 
only once or when starting from rest. On the forward stroke 
of the piston k ,  the air in front escapes through the port p, 
but after the piston has passed and, therefore, closed this port, 
a sufficient amount of air remains to cushion the blow and 
prevent damage to the front cylinder head. This cushion of 
air may leak somewhat, and to prevent an insufficient supply 
remaining, which would have the effect of creating a partial 
vacuum in this space and holding the piston on the return 
stroke, a small inlet valve r is placed in the forward part of 
the cylinder. This allows air to flow in under these conditions 
before the open port is passed. When the front piston k has 
made its forward stroke, the rear piston follows, mechanically 
driven as before, and would compress the air which has just 
made the stroke of the front piston, were it not for the so- 
called vacuum valve s which allows all air between the pistons 
above a certain pressure to escape to the atmosphere. This 
action prevents the two piston faces from coming together. 

A mechanism operating on the same general principle as 
the one shown in Fig. 17 has been applied to printing presses 
of the flat-bed type, for imparting a rectilinear motion to 
the bed. This mechanism has the advantage of giving a long, 
gradually increasing and decreasing motion with a short crank 
and without the use of a connecting-rod or  a slotted cross- 

head; therefore, it can be applied to some classes of mecha- 
nisms when there would not be sufficient room for a connect- 
ing-rod or  in preference to the slotted yoke, because of 
mechanical objections to the latter. In designing this mecha- 
nism, the center of  pin g should exactly coincide with the pitch 
circle of the internal gear; then, if the internal gear has twice 
as many teeth as the revolving gear, the center of g will move 
in a straight line, even though its motion is not constrained 
by means of guides. 

Converting Faat Rotary Speed to Slow Reciprocating 
Motion. - A novel method of converting a fast rotary speed 
into a very slow straight-line motion consists in using two 

Fig. 18. Yechaolam tor Rsdodns a Hirh R o w  Speed to a Slow Shaleat-line Xotlon 

worms A and B (see Fig. 18) which differ very slightly in 
pitch and which mesh with opposite sides of a worm-wheel 
mounted on the part that is to receive the slow straight-line 
motion. Worm B is driven directly by pinion C and gear D, 
and worm A is revolved in the opposite direction through the 
provision of  an idler gear E between pinion C and gear F. 
The worm-wheel turns freely on a shoulder stud which is 
held in slide H. 

Worm B has six threads per inch, and worm A, 5 31/32 
threads per inch, all threads being right-hand. Now if the 
pitch of both worms were exactly the same, no motion would 
be transmitted to  slide H, but as there is a difference in pitch 
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equal to  1/1146 inch, the center of the worm-wheel and slide 
will move one-half this amount or about 0.0004 inch per 
revolution of the worms, or 0.0002 inch per revolution of the 
driving pinion C, as the latter has 15 teeth, whereas gears 
D and F each have 30 teeth. When the slide H reaches the 
end of its stroke, engagement of a dog with a suitable trip 
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type of airplane motor. With this form of motor, as the 
cylinders revolve about the stationary crank, the pistons move 
in and out relative to the cylinders, the same as though the 
latter were stationary and the crank revolved. The cylinders 
form the flywheel and drive the propeller and, as they revolve 
rapidly, the temperature is reduced sufficiently by air cooling 
and without any auxiliary cooling device. 

Combined Reciprocating and Rotary Movements. - The 
piston of the pump shown in Fig. 20 has, in addition to a 
rectilinear movement, a rotary motion. This pump was de- 

Fig. 1Q Piston Having Combined Rectlllnsar m d  Rotary Yov.m.ntr 

I I 
19. Statlonary Crank md Rerolrln~ Qllnderr 

operates a clutch and the traversing movement of the slide 
is reversed. 

Cylinders which Revolve about a Stationary Crank.- 
A crank which is connected to a piston or other reciprocating 
part ordinarily revolves, but a piston may be given a recti- 
linear motion relative t o  a cylinder by holding the crank in 
a fixed position and revolving the cylinder, connecting-rod, 
and piston about the crank. An example illustrating this 
method of utilizing the crank is shown by the diagram, Fig. 
19, which illustrates the general arrangement of an early 

signed for pumping water o r  other liquids containing foreign 
materials, such as weeds, pieces of rope, paper, etc., which 
might enter tpe pump cylinder. Instead of using suction o r  
discharge valves which would become clogged and cause 
trouble, the opening and closing of the ports is controlled by 
the rotary movement of the piston, and any foreign materials 
of the kinds mentioned are sheared off by the edges of the 
ports. The rectilinear motion of the piston is obtained from 
a crank. A miter gear keyed to  the end of the crankpin 
meshes with a mating gear keyed to  the end of the connecting- 
rod, so that, as the piston is moved in and out, it is also given 
a rotary motion. The piston is of the trunk type with an  
opening at both ends and a partition in the center. The head 
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end at the left of the partition contains a port which alternately 
registers with the suction and delivery ports. When the piston 
is in the position shown, both ports are closed, but, as soon 
as the pump rotates in the direction indicated by the arrow, 
the suction port begins to  open. When the crank has moved 
90 degrees, the piston port will be exactly over the suction 

Flg. fl. Yechan1.m for Shifting Reelproeating Pgrt from Worklw Porttion 
Aatomatlcall~ 

port and, when the opposite dead center is reached, both ports 
will again be closed. When the crank is on the bottom quarter 
or  a t  the center of  the return stroke, the piston port will be 
opposite the delivery port. 

Shifting Reciprocating Part from Working Position. - 
The machine shown in Fig. 21 is used in a certain branch of 
the leather business to press a leather product between a pair 

of dies A by a series of reciprocating motions given to  the 
lower die, which is afterwards withdrawn t o  the "open posi- 
tion" shown at  the right, to allow the removal and insertion 
of the work. The mechanism to be described serves to auto- 
matically locate the lower die in the open position when the 
driving belt is shifted to the loose pulley, and into the "work- 
ing" position as eccentric J, which imparts motion to ram G, 
is rotated by shifting the belt to  the tight pulley. The shaft 
to which this eccentric is keyed turns in the direction shown 
by the arrow. The upper half of the eccentric strap is pivoted 
to the connecting-rod a t  D and carries a n  arm H to which is 
attached the long spring B. If  there were nothing to prevent 
it, the spring would evidently tend to pull the joint D over, 
as shown by the right-hand view. I n  this position, with the 
belt on the loose pulley, the machine is ready to receive the 
work. The lugs K are attached t o  a leather band friction, 
bearing on an extension of the eccentric surface, and shown 
in dotted lines behind the eccentric strap. A finger screwed 
to the lower half of the strap and projecting between the lugs 
serves to keep the brake in position. If the machine is started 
by throwing the belt onto the tight pulley, the brake grips the 
eccentric with sufficient force to overcome the slight tension 
of spring B, and joint D is moved back t o  the central working 
position, where buffer E has reached its seat on the connecting- 
rod. As the shaft continues to turn, the brake slips on its 
seat and the eccentric gives the desired movement to  the ram. 
When the operation is completed, the belt is shifted t o  the 
loose pulley, and spring B turns the shaft, eccentric, and strap 
backward until the machine is again in the open position with 
the ram lowered to allow a change of work. 

Rectilinear Motion from Revolving Pawls.-The mecha- 
nism for driving a conveyor is shown in Fig. 22. This con- 
veyor consists of a pair of endless chains between which the 
conveyor buckets are carried. Tnese buckets are hung on 
pivots, so that they are kept in an upright position by gravity. 
The chains are equipped with wheels which run on tracks. 
The chain and buckets are propelled along the tracks as indi- 
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cated by the arrow, by a system of rotating pawls which 
receive their motion from a large gear D. Each pawl, in turn, 
engages one of a series of pins on the chain and, after having 
pushed the conveyor ahead, the pawl is raised by cam C and 
the next pawl repeats the operation. When a pawl, as a t  A, 
is passing through the lowest arc of its travel, the conveyor 
is propelled forward. The pawl shown at B has passed the 
lowest point, and it gradually lags behind the conveyor, so 
that the end of the pawl is readily lifted out of engagement 

FIc. 22. Arrangement for Obtaining Rectllineu ldotion trom Rerolrily: ParL 

without interference. As will be seen, the inner end of pawl 
B is in contact with the cam surface which controls its position. 

Compact Reciprocating Mechanism of Air Compressor. - 
A sectional view of the air compressor of an oil burner is 
shown in Fig. 23. In this equipment, four pistons A are 
reciprocated by a revolving thrust plate B, which is located 
at an angle of 12 degrees. As this plate is revolved by worm- 
gearing C, the pistons will, of course, be forced upward due 
to the angular location of plate B, and the return of each pis- 
ton is insured by the action of a spring D which keeps the 
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I I 
Fig. 2.3. Rriproutlng BIwhanirm of Air Conupmalor for an Oil Burner 

hardened steel plug E in contact with plate B. Every revolu- 
tion of the worm-wheel causes each of the four pistons to 
make a forward and return stroke. This worm-wheel revolves 
on Timken roller bearings, and the thrust plate is supported 
on a ball bearing. The rotary valve F, which opens and closes 
the air ports, is driven from the worm-wheel by a shaft G. 
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In the illustration, the right-hand piston has delivered its 
quota of air and is ready for the downward stroke, the valve 
being timed to allow air to be drawn through shaft H as the 
piston descends. The valve, as shown, has connected the 
compressed air reservoir with the left-hand cylinder, although 
actually the port does not open until the piston has completed 
nearly three-fifths of its stroke, thus preventing, as far as 
possible, a pulsating action of the air due to the small capacity 
or  space above valve F. The four cylinders, each of which is 
3 inches in diameter, are so located that their center lines form 
a 3%-inch square, as seen on a plan view of the compressing 
mechanism. 

In this oil burner, the oil is atomized by the use of com- 
pressed air generated by this mechanism, and a surplus of 
low velocity air for complete combustion of the fuel is fur- 
nished by a fan, not shown. The worm-gearing is continually 
submerged in oil to half its depth, and the splash from the 
worm lubricates the Timken bearings and the pistons. The 
oil spray, carried along by the air being compressed, is suffi- 
cient to lubricate the rotary valve. A relief valve in the cover 
above valve F allows any surplus air not needed for atomizing 
the oil to be returned to the intake side so that it can be com- 
pressed again. 

Drop-hammer Lifting Mechanism - The drop-hammers 
used for making drop-forgings are so designed that the ham- 
mer head is raised by rolls which run in opposite directions 
and bear against opposite sides of a board attached to the 
hammer head. Front and side elevations of a drop-hammer 
lifting mechanism are shown in Fig. 24. The board A passes 
between the rolls B and C. One roll rotates in a fixed position 
and the other one is alternately pressed against the board and 
then withdrawn from it, when the hammer is in operation. 
The pressure of the movable roll is applied for raising the 
hammer head and released for allowing it to drop upon the 
work. The roll that is withdrawn is usually the front one 
which has an eccentric bearing so that a slight rotary move- 
ment will cause the roll to release the board. As the hammer 

drops and approaches the bottom of its stroke, it engages some 
form of trip or latch which holds the eccentric roll in the out- 
ward position so that the roll moves in against the board; the 
hammer is then immediately elevated preparatory to striking 
another blow. As the hammer approaches the top of its stroke, 
the eccentric roll is again automatically withdrawn, thus stop- 
ping any further upward movement. The hammer will then 
fall and repeat the cycle of movements and will continue t o  
run automatically, provided the board clamps at D are not 
allowed to grip the board. The position of these clamps is 
controlled by a foot-treadle. When this treadle is released, 

the clamps grip the board as it reaches the top of its stroke 
and starts to move downward, so that the hammering action 
discontinues until the foot-treadle is again depressed. This 
mechanism for transmitting the rotary motion of the rolls to  
board A, which has a rectilinear movement, is similar in prin- 
ciple to the rack and pinion, except that motion is transmitted 
entirely by frictional contact instead of by means of teeth 
which give a positive drive. 

Toggle Joint. - A link mechanism commonly known as a 
toggle joint is applied to machines of different types, such as 
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drawing and embossing presses, stone crushers, etc., for in- 
creasing pressure. The principle of the toggle joint is shown 
by the diagrams A and B, Fig. 25. There are two links, b and 
c, which are connected at the center. Link b is free to swivel 
about a fixed pin or bearing at d, and link c is connected to a 
sliding member e. Rod f joins links b and c a t  the central 
connection. When force is applied to rod f in a direction at 
right angles to center-line xx, along which the driven member 
e moves, this force is greatly multiplied at e, because a move- 
ment a t  the joint g produces a relatively slight movement at 

Fig. 25. Dtumm I l l u a t m t i ~  Actlon of Toqlr Joint 

e. As the angle a becomes less, motion at e decreases and the 
force increases until the links are in line, as at B. If R = the 
resistance a t  e; P = the applied power or force; and a = the 
angle between each link and a line xx passing through the axes 
of the pins, then: 

2 R sin a = P cos a 
SingIe- and Double-stroke Toggle Mechanism - A toggle 

mechanism is often utilized for changing a rotary to a recti- 
linear motion, especially when a powerful squeezing action is 
required. An arrangement of this kind is used on some cold- 

heading machines, such as are employed for forming heads on 
bolts, rivets, etc. The diagram A, Fig. 26, illustrates a crank- 
driven toggle mechanism which gives a forward and return 
stroke for each revolution o f  the crank. When the links of 
the toggle are straightened, as indicated by the heavy lines, 
the punch which forms the head on the work is at the end of 
its stroke, and it is then withdrawn as the crank makes another 
half revolution. This form of drive as applied to a cold- 
header is known as the "two-cycle type," because two revolu- 
tions of the crankshaft are necessary t o  complete a rivet or 
bolt requiring two blows of the punch. 

Many classes of work cannot be done satisfactorily with a 
single stroke, owing to the amount of metal that must be upset 
in order to  form the head of a bolt o r  rivet. A design of 
toggle mechanism which is extensively used on double-stroke 
machines is illustrated by the diagram B, Fig. 26. With this 
arrangement, two blows are obtained fo r  each revolution of 
the crank connecting with the toggle. The  location of the 
crank is such that the links of the toggle are straightened 
before the crank has made one-half revolution; consequently, 
when the half revolution is completed, the links of the toggle 
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are carried beyond the center-line, as indicated by the diagram, 
which causes the ram and die to be withdrawn preparatory 
to making a second stroke. As the crank continues to revolve 
and the toggle is again straightened, a second working stroke 
is made and then the ram and die are withdrawn; this cycle 
of operations is repeated for each revolution of the crank. 
The two strokes which are obtained for each revolution of the 
crank may be of unequal length, as shown by the diagram, or 
of equal length, depending upon the position of the crank 
relative to the line of the straightened toggle. A cold-header 
having this form of drive is known as a "one-cycle" machine, 
since it will impart two blows to the work for each revolution 
of the crankshaft. 
Toggle Mechanism of Drawing Press. -One way of ar- 

ranging the toggle mechanism of a drawing press is illustrated 
in Fig. 27. When a press of this kind is in operation, the 
sheet of metal to be drawn is pressed firmly down upon the 
die face by a blank-holder, while the drawing punch forces 
the metal into or through the die. The blank-holder prevents 
the sheet stock from buckling, and it should remain in the 
downward position while the drawing punch is a5 work. Tog- 
gle mechanisms are employed on large drawing presses to 
operate the blank-holder. The toggle mechanism illustrated 
is operated from crank H on the main crankshaft. This crank 
connects with link A, the lower end of which is attached to 
yoke B. The upper end of yoke B is guided by link E, which 
is pivoted to the frame of the press, and the lower end is 
guided by another link C pivoted at D. These two links C 
and D compel the yoke to move in practically a vertical straight 
line when it is traversed by the action of crank H. Attached 
to the yoke are two other links connecting with bellcranks 
F and G which, in turn, are pivoted to the side of the press 
frame. The outer arms of these bellcranks are connected by 
long links or rods with cranks on the ends of two rockshafts 
J and K, at the front and rear of the press, respectively. From 
these rockshafts, motion is transmitted to the blank-holder 
by means of arms L and links M. The dotted lines on one 

side indicate the action of the rockshaft and its connecting 
link when in the extreme upper position. The bellcrank levers 
F and G, together with the links connecting them with the 
rock-shafts J and K, form a toggle mechanism which is 
straightened out at the same time that the driving crank H 
is passing its center and the arms L and links M are in line. 
This central or straight-line position for the toggles occurs 
while the blank is being held for the drawing operations; the 

blank-holder dwells or remains down long enough to enable 
the drawing punch to complete its work before the sheet metal 
stock is released by the blank-holder. The slide to which the 
drawing punch is attached receives its motion from the main 
crankshaft. 

Adjustable Double-motion Eccentrics. - The diagram Fig. 
28 represents a disk at A encircled by a strap in which the disk 
is free to run. If this disk is mounted on a concentric shaft 
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perpendicular to it, no motion will be imparted to the strap. 
However, if the shaft passes through the geometrical center 
of the disk, but the disk is located at some angle a (see dia- 
gram B) ,  then as the shaft makes one complete revolution, the 
disk and its strap will oscillate harmonically through angle 
2a in a direction parallel to the shaft. 

Pi& Z3. Dirprms Showily Prindple~ Combined in Bcwatrlc, m. 29 

Referring now to diagram C, two eccentrics are shown in 
outline, each having an eccentricity equal to e. The outer 
eccentric is adjustable relative to the inner one, and it is 
assumed that they can be fastened in any angular relation to 
each other. When clamped in the position shown, one eccen- 
tric offsets the other, so that the resultant throw is zero. 
When the positions are changed, as shown by diagram D, the 
eccentricities are added, and intermediate positions will, of 

course, vary the throw from zero to a maximum distance 2e. 
Fig. 29 illustrates how the principles shown separately in 

Fig. 28 are combined. The inner eccentric E is made spheri- 
cal, so that the outer eccentric F may be set at an  angle to the 
shaft, as indicated by diagram B, Fig. 28. These inner and 
outer eccentrics, Fig. 29, have the same eccentricity, so that 
any throw from zero up to the maximum may be secured by 
adjustment, a s  represented by diagrams C and D, Fig. 28. 
Finally, the mechanism as a whole may be arranged for a 
circumferential adjustment about the shaft. This mechanism 
or some modification embodying the same principle may be 

f g. 29. Eccentric Adlastable a# to Throw and Aarle B e l ~ U r b  to Shaft 

used to obtain a harmonic motion in perpendicular planes 
with adjustment as to amplitude and phase. 

Reversing Screw. - When a relatively slow but powerful 
reciprocating movement is required, a reversing screw may 
be employed. Many broaching machines of the horizontal 
type, which operate by pulling long broaches through holes in 
castings and forgings, are equipped with the reversing screw 
type of drive. As the broaching is done by a series of cutting 
teeth which gradually increase in size in order to produce a 
hole of the required shape progressively, considerable power 
is required for pulling the broach through the work, especially 
when cutting hard tough metal. Therefore, the draw-head 
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to which the broach is attached is given a rectilinear move- 
ment by means of a screw which does not revolve but is moved 
in a lengthwise direction by a nut. The screw passes through 
this nut which is held against endwise movement, and, with 
one design, is rotated from the driving shaft through suitable 
gearing. This gearing is so proportioned that a comparatively 
slow motion is imparted to the nut and screw for the cutting 
stroke and a faster movement for the return or idle stroke. 
The nut which engages the screw is alternately connected with 
these two combinations of gearing by means of a clutch that 
is shifted by adjustable tappets or dogs that control the length 
of the stroke. Some of the smaller broaching machines in- 
tended for lighter work have belt pulleys that revolve about 
the screw in opposite directions, and are alternately engaged 
with a central clutch which transmits motion to the draw nut 
on the screw. 

Screws for Power Transmission. - When screws are used 
for power transmission, multiple-threaded screws are pre- 
ferred ordinarily, as they are much more efficient than 
single-threaded screws, the efficiency being decidedly affected 
by the helix angle of the thread. Single-threaded screws are 
sometimes preferable, owing to their mechanical advantage 
as compared with the multiple-threaded form. Thus a heavier 
load can be moved by a single-threaded screw than by the 
multiple-threaded type, assuming, for example, that the screw 
diameters and the force applied are the same in each case. 
The single-threaded screw, in this instance, moves the load 
only one-half as far as a double-threaded screw, so that it is 
capable of overcoming greater resistance for a given applied 
force, although the mechanical efficiency is lower than that of 
the multiple-threaded screw. 

Force Required to Turn Screw. - In determining the force 
that must be applied at  the end of a given lever arm in order 
to turn a screw (or  nut surrounding it),  there are two condi- 
tions t o  be considered: (1) When rotation is such that the 
load resists the movement of the screw, as  in raising a load 
with a screw jack; (2) when rotation is such that the load 

assists the movement of the screw, as in lowering a load, 
assume that : 

F = force applied at end of lever arm; 
L = load moved by screw ; 
R = length of lever arm; 
1 = lead of screw thread; 
r = mean or pitch radius of screw = outside radius 

minus one-half of thread depth; 
F = coefficient of friction. 

When load resists screw movement: 
1 + 2 r X 3 . 1 4 1 6 p  r 

F = L X  X -  
2~ X 3.1416- ~1 R 

When load assists screw movement: 
2r X 3 . 1 4 1 6 ~ -  1 r 

F = L X  X -  
2r X 3.1416 + R 

I f  lead 1 is large in proportion to the diameter so that the 
helix angle is large, F will have a negative value, which indi- 
cates that the screw will turn due to the load alone, unless pre- 
vented by a force F which is great enough to prevent rotation 
of a non-locking screw. 

Coefficients of Friction. - According to experiments by 
Professor Kingsbury made with square-threaded screws, a 
coefficient of 0.10 is about right for pressure less than 3000 
pounds per square inch and velocities above 50 feet per min- 
ute, assuming that fair lubrication is maintained. If the pres- 
sures vary from 3000 to 10,000 pounds per square inch, a 
coefficient of 0.15 is recommended for  low velocities. The 
coefficient of friction varies according to lubrication and the 
materials used for the screw and nut. F o r  pressures of 3000 
pounds per square inch, using heavy machinery oil as a lubri- 
cant, the coefficients were as follows: 

Mild steel screw and cast-iron nut, 0.132; mild steel nut, 
0.147 ; cast-brass nut, 0.127. 

For pressures of 10,000 pounds per square inch, using a 
mild steel screw, the coefficients were, for a cast-iron nut, 
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0.136; for a mild steel nut, 0.141 ; for a cast-brass nut, 0.136. 
For dry screws, the coefficient may be 0.3 to 0.4 or higher. 
Coefficient of Friction for Angular Thread Forms.- 

Frictional resistance is proportional to the normal pressure, 
and for a thread of angular form the increase in the coefficient 
of friction is equivalent practically to p sec (3, in which Q 
equals one-half the included thread angle; hence, for a U. S. 
standard thread, a coefficient of 1 .155~ may be used. 

Effect of Helix Angle on Efficiency.- The efficiency be- 
tween a screw and nut increases quite rapidly for helix angles 
up to 10 or 15 degrees (measured from a plane perpendicular 
to the screw axis). The efficiency remains nearly constant 
for angles between about 25 and 65 degrees, and the angle of 
maximum efficiency is between 40 and 50 degrees. 

In determining the efficiency of a screw and a nut, the helix 
angle of the thread and the coefficient of friction are the im- 
portant factors. If E equals the efficiency, A equals the helix 
angle, measured from a plane perpendicular to the screw 
axis, and (r. equals the coefficient of friction between the screw 
thread and nut, then the efficiency may be determined by the 
following formula, which does not take into account any addi- 
tional frictional losses, such as may occur between a thrust 
collar and its bearing surfaces : 

tanA (1- ptanA) 
E =  

tanA$ P 

This formula would be suitable for a screw having ball- 
bearing thrust collars. Where collar friction should be taken 
into account, a fair approximation may be obtained by chang- 
ing the denominator of the foregoing formula to tan A + 2p. 
Otherwise the formula remains the same. 

The square form of thread has been used chiefly for power 
transmission, because it has a somewhat higher efficiency 
than threads with sloping sides. However, when the inclina- 
tion is comparatively small, as in the case of an Acme thread, 
the preceding formula, which was deduced for a square thread, 
may be applied without serious errors. The Acme thread 

has practical advantages in regard to  cutting and also in com- 
pensating for wear between the screw and the nut. 

I t  is evident that the screw of a jack, or of any lifting or 
hoisting appliance, will not be self-locking if the efficiency 
exceeds 50 per cent, as higher values would mean that the 
screw would turn in its nut under the action of the load. In 
actual designing practice, it will be understood that the maxi- 
mum efficiency, even for a screw intended solely for power 
transmission, may not be practicable, as, for example, when 
it is necessary to employ a helix angle smaller than that repre- 
senting maximum efficiency, in order to permit moving a 
given load by the application of a smaller turning moment. 



QUICK-RETURN MOTIONS 301 

CHAPTER X 

QUICK-RETURN MOTIONS FOR TOOL SLIDES 

MANY machines, especially of the type used for cutting 
metals, are equipped with a driving mechanism which gives 
a rapid return movement after a working or cutting stroke, 
in order to reduce the idle period. For instance, shapers and 
dotter$ are so arranged that the tool, after making the cut- 
ting stroke, is returned a t  a greater velocity, thus increasing 
the efficiency and productive capacity of the machine. The 
method of obtaining this rapid return varies with different 
types of machine tools. In some cases, motion for the return 
movement is obtained by using two belts which alternately 
come into the driving position and rotate the driven member 
at two rates of speed. This method is employed with belt- 
driven planers, the belt for the return movement of the 
table connecting with pulleys having a higher speed ratio. The 
rapid return movement for some other types of machines is 
obtained by transmitting motion through a different combina- 
tion of gearing which is automatically engaged at the end of 
the working stroke. The term "quick-return motion," how- 
ever, as applied to machine tools, generally relates to a driving 
mechanism so designed that the increased rate of speed for 
the return movement is obtained through the same combina- 
tion of parts which actuate the driven member during the 
forward or working stroke, and the quick-return feature is 
due to the arrangement of the mechanism itself. 

Crank and Oscillating Link. - A simple form of quick- 
return mechanism which has been applied extensively to shap- 
ers is shown diagrammatically in Fig. 1. The pinion A drives 
gear C at a uniform speed, and this gear carries a swiveling 
block B which engages slotted link L. The lower end of this 

link is pivoted a t  D and the upper end connects by means of 
a link with the ram of the shaper. As the crankpin or  swivel- 
ing block B revolves with gear C, it slides up and down in the 
slot of link L and causes the latter to oscillate about the fixed 
pivot D at  its lower end. The ram of the shaper is mounted 
in guides or ways so that it is given a rectilinear movement. 

A quick-return movement is obtained with this form of 
drive owing to the fact that the crankpin B moves through 
an arc a during the cutting stroke, whereas, for the return 
stroke, it moves through a much shorter arc b. As gear C 

t+--------s---- + I 

I 
T J 

Fig. 1. Quictretnrn Motion from a Revolving Crank and 
Oscillating Slotted Lever 

rotates at a uniform speed, obviously the time required for the 
return stroke, as compared with the cutting stroke, is in the 
same proportion as the lengths of the arcs a and b. The radial 
position of block B may be varied in order to change the length 
S of the stroke. This mechanism imparts a variable speed to 
the ram, the speed increasing toward the center of the stroke 
and then diminishing. The angle made by the crankpin for 
the forward stroke equals 180 degrees 4- the angle 8 through 
which slotted link L moves; for the return stroke, the crank- 
pin moves through an angle equal to 180 degrees - the angu- 
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lar movement 0 of the slotted link. The sine of one-half 
angle 0 equals the radius of the crank divided by the distance 
from pivot D to the center of the gear C. 

Whitworth Quick-return Motion. -A type of quick-return 
motion that has been widely used in slotter construction is 
illustrated in Fig. 2. This mechanism, which is known as 
the "Whitworth quick-return," is similar in principle to the 
crank and oscillating link combination previously referred to, 
although the construction is entirely different. The pinion A 
drives gear C at a uniform velocity, and this gear carries a 
block B which engages a slot or groove in part D, which is 

N. 2 WhIhrorth Quick-return Motion 

connected by a link E with the tool-slide of the machine. The 
line xx represents the center-line of motion for the tool-slide. 
The gear C revolves upon a large bearing F which is a part of 
the machine frame. The slotted member D has a bearing C, 
within F, and the center about which D rotates is offset with 
relation to the center of driving gear C; consequently, the 
crankpin or  block B moves through an arc a during the cut- 
ting stroke and through a shorter arc b for the return stroke, 
so that the latter requires less time in proportion to the respect- 
ive lengths of arcs a and b. The stroke is varied by changing 
the radial position of the pin which connects with link E. 

So far as the principle of operation is concerned, the chief 
difference between the Whitworth motion and the crank and 
slotted link is that, in the former case, the bearing for the 
slotted or driven member is inside of the crankpin circle, 
whereas, with the crank and slotted link combination, the pivot 
is outside of the crankpin circle. As the result of this differ- 
ence in arrangement, part D in Fig. 2 has a continuous rotary 
motion, whereas the slotted link L, in Fig. 1, swings through 
a definite angle. With the Whitworth quick-return, the ratio 
of the time required for the forward and return strokes is not 
varied by changing the length of the stroke. With the crank 
and oscillating link, a change of stroke does affect this ratio, 
the latter increasing as the length of the stroke is increased. 

Modification of Whitworth Motion. - A quick-return 
mechanism that is a modification of the Whitworth motion 
combined with the slotted link and rotating crank is illustrated 
by the sectional view, Fig. 3. This form of drive has been 
applied to a shaper in order to secure in addition to a quick 
return a cutting speed that is practically constant throughout 
the working stroke. The driving gear F transmits its rotary 
movement through a swiveling block A to a ring E which 
turns about an eccentric C. On the opposite side of this ring 
there is a second swiveling block B, which drives the crank- 
disk C, on which is mounted the main crankpin block H, en- 
gaging the vibrating arm or  link L. that, in turn, is connected 
with the ram. The eccentric C is offset with relation to the 
center of the driving gear F, and it remains permanently in 
a fixed position; therefore, the circular path of the eccentric 
ring blocks A and B is not concentric with the path described 
by the main crankpin H. In  other words, the circle which 
these blocks describe as they are driven around by gear F has 
a constantly varying radius from the center of the gear, which 
compensates for the irregularity of speed obtained by a plain 
slotted link, and gives a practically constant movement during 
the working stroke. 

Quick Return from Elliptical Gearing. - Elliptical gearing 
has been used to obtain a quick-return motion, although such 
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gearing is difficult to cut without special attachments, and 
comparatively few mechanisms requiring a quick-return mo- 
tion have this type of drive. The driving and driven gears 
are of the same proportions and size as shown in Fig. 4, and 
each gear revolves about one of its foci as a fixed center. The 
distance between the shaft centers is made equal to the length 

m. 3. Crank-owrated Qnlck-retnrn Notion Dcrlgned to Glre A 
UnUorm Forward Speed 

of the common major axis. The angular velocity ratio varies 
according to the respective radii of the driving and driven 
gears at the point of contact. If A is the driving shaft and it 
rotates at a uniform speed, the angular velocity of shaft B 
will increase during the first half revolution from the position 
shown in the illustration, and then decrease during the remain- 
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ing half revolution. When the gears are in the position 
&own, the angular velocity of the driven shaft B is minimum, 
because that side of the driver having the shortest radius is 
in contact with i t ;  as the driver revolves, the radius at the 
point of contact gradually increases, and, consequently, the 
angular velocity increases until tooth C is in mesh, when the 
angular velocity is maximum. When point C representing 
the longest radius of the driving gear has passed the point of 
contact, the angular velocity gradually diminishes until it 
is again at a minimum. 

The actual number of revolutions made by each shaft in 
a given time is, of course, the same, and the driving and 

Fig. 4. Elllptlcal Gearing Arranged to Retarn Driven Put Quickly 

driven gears both require the same time to complete the half 
revolution between the two positions representing the mini- 
mum and maximum angular velocities. The variable motion 
of the driven gear, however, may be utilized to give a quick- 
return movement to a driven tool-slide or other part; 

This type of  quick-return motion has been applied to s h a p  
ers in order to return the tool quickly after the cutting stroke. 
The driven gear is connected to the ram by a link. The bolt 
or crankpin on the gear which connects with the link may be 
adjusted along a groove for varying the distance from the 
center of the driven shaft and the length of the stroke. Ellip- 
tical gearing has also been used for operating the slide valve 
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of a steam stamp, such as is used for crushing rock. In this 
case, the variable motion obtained from the gearing is utilized 
to so control the motion of the valve as to admit steam above 
the piston throughout almost the entire downward stroke, 
whereas, on the upward stroke, just enough steam is used to 
return the stamp shaft, in order to reduce steam consumption. 

Eccentric Pinion and Elliptical Gearing for Quick-return 
Motion. - The eccentric and elliptical gear combination, in 
conjunction with gears mounted concentrically, as shown in 
Fig. 5, has been utilized to secure a quick-return motion. The 
pinions A and B are keyed to the driving shaft. The smaller 
pinion A is concentric with the shaft and meshes with a half 
spur gear F. The larger pinion B is eccentrically mounted 
on the shaft and is in line with a half elliptical gear H, the 
two gear segments on the driven shaft being offset as shown 
by the end and plan views. 

In the operation of this gearing, the semi-circular gear F 
is driven by the small pinion A and the elliptical gear by the 
eccentric pinion B. The elliptical gear makes one-half revo- 
lution to each complete revolution of its eccentric driving pin- 
ion. If the driven shaft is revolving in a counter-clockwise 
direction, the eccentric pinion will be the driver from C to D. 
At the latter point, the elliptical gear segment leaves the eccen- 
tric pinion and the smaller pinion A comes into mesh with 
the half spur gear and continues to be the driver through the 
remaining half revolution of the driven shaft, or until the 
elliptical gear again comes around into mesh with the eccen- 
tric pinion. Owing to the difference in the diameters of the 
half spur gear and its pinion A, the latter must make two 
revolutions before the eccentric pinion can again engage the 
teeth of the elliptical gear. 

At the point C where the eccentric pinion again becomes 
the driver, the radius of pinions A and B is equal, and the 
transfer of the load from A to B does not cause an abrupt 
change of speed for the driven member. As the eccentric 
pinion, however, begins to swing the elliptical gear around, 
the speed of the driven shaft is increased until the maximum 

radius of the eccentric pinion is opposite the minor axis of 
the elliptical gear. The speed is then a t  maximum and, as the 
movement continues, the speed gradually decreases until the 
load is transferred to the concentric pinion A which imparts 
a uniform velocity to the driven member. 

With the eccentric-elliptical combination of gearing just 
described, one revolution of the driven shaft is obtained for 
every three revolutions of the pinion driving shaft, two revo- 
lutions of the concentric pinion A being required for a half 

r 1 

I I 
FU. 5. Eccantric Pinion and Elliptical h r  for Arcelsntlng 

Return Moremant 

revolution, and one revolution of the eccentric pinion B for 
the remaining half revolution. If this mechanism is applied 
to a slotter o r  other machine requiring a similar movement, 
the cutting stroke will occur while pinion A is the driver, be- 
cause a relatively slow and uniform speed is imparted t o  the 
driven shaft. As the eccentric pinion starts the drive, the 
speed of the driven shaft is gradually accelerated and, after 
reaching the maximum, is reduced to the cutting speed, so 
that the tool-slide is rapidly returned to the starting position 
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ready for the next cutting stroke. The ratio of the quick 
return to the cutting speed should not be too great, because a 
jerky motion and excessive vibrations in the machine will 
result. It  has been found, by experiment, that a ratio of 2 to 
1 is about the highest that will give satisfactory operation. 

When laying out gearing of this kind, there are  a few fun- 
damental points which must be observed in all cases : 1. The 
long radius AB of the eccentric pinion from the shaft center 
to the pitch line should equal one-half the distance between 
the centers of the driving and driven shafts. 2. The short 
radius AC of the eccentric pinion should equal one-half the 
diameter of the concentric pinion. 3. The major axis CD 
of the elliptical gear should equal twice the distance between 
the shaft centers, minus twice the short radius AC of the 
eccentric pinion. 4. The minor axis of the elliptical gear, or 
twice the distance EG, should equal the distance between the 
centers of the shafts. 5. The elliptical gear, assuming that it 
were complete, should have twice the number of teeth that 
there are in its eccentric driving pinion, and the number of 
teeth that there are in its eccentric driving pinion, and the 
number of teeth in both the elliptical gear and eccentric pin- 
ion should be even. 6. The shaft hole for the elliptical gear 
should always be located at the intersection of the major and 
minor axes, or in the center of the gear. This type of gearing 
is employed when it is especially desirable to secure a uniform 
motion during the entire cutting stroke. 

Quick-return Movement which Operates Independently. - 
On one design of automatic screw machine, the quick-return 
and advance movements of the turret-slide are controlled in- 
dependently of the turret-slide feed cam by means of a crank. 
The turret A (Fig. 6) is carried by a slide that moves hori- 
zontally along the machine bed. The movements of the turret- 
slide are derived from two different sources. When the tur- 
ret tools are at work, the slide is operated by a lead cam 
through lever B, which has teeth at its upper end meshing with 
rack C. While the turret is being indexed, it is withdrawn 
rapidly and then quickly advanced to the working position 
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again, by the action of crank E which is revolved once for 
each indexing movement. The rack C transmits motion to 
the turret-slide through connecting-rod F, which is pivoted to 
crank E on the turret-slide. This crank is on the "dead 
center," as shown in the illustration, while the tools are cut- 
ting; when the turret is to be indexed to  bring the next suc- 
cessive tool in position, it is first withdrawn far enough for 
the tool to clear the work, and then the shaft carrying crank 
E is turned one revolution, through suitable gearing, by the 

1 

Fig. 6. Independent Quick-return Movement for Screw Machlne Turret-sllda 

engagement of a clutch the action of which is controlled by a 
trip dog. When the crank revolves, i t  allows spring D to 
draw back the turret-slide without rack C, while making one- 
half turn, and then advance it during the remaining half 
turn, the rate of movement being increased by the motion 
derived from the cam, which is laid out to suit the work. This 
quick-acting crank operates while the roll on the lower end of 
lever B is passing from the highest point of the cam lobe to 
the point for starting the next cut. 



SPEED-CHANGING MECHANISMS 311 

CHAPTER XI 

SPEED-CHANGING MECHANISMS 

MECHANISMS for changing the speeds of rotating parts 
may be divided into two general classes. Those in one class 
provide convenient means of varying speeds to suit operating 
conditions. Usually a range of several speeds may be obtained 
from mechanisms of this class and the change from one speed 
to another may only require the shifting of a lever or  some 
other form of controlling device. 

Speed-changing mechanisms in the second class are designed 
either for reducing or for increasing the speed a fixed amount, 
the mechanism being designed for one speed ratio only. For 
example, the speed between driving and driven shafts may be 
reduced in the ratio of, say, 10 to 1, or to secure whatever 
speed change is required. Ordinarily, mechanisms in this 
class are for reducing the speed of a driving shaft, but in some 
cases an increase of speed is required. A speed-changing 
mechanism of this general class may be incorporated in the 
design of a machine for changing the relative speeds of cer- 
tain parts, or such a mechanism may be located between a 
driving motor and the machine to reduce the relatively high 
motor speed down to the normal working speed of the machine. 

General Methode of Speed Regulation. -When speed vari- 
ations are essential to the operation of machines such, for 
example, as are used for some kinds of manufacturing work, 
the changes are usually obtained by hand-controlled speed- 
changing devices. If such variations are seldom required, it 
may be necessary to stop the machine and make an adjust- 
ment, or replace one or more gears with others of different 
diameters. When changes of speed are frequently needed, the 
machine is generally equipped with some mechanical device 
enabling one or more variations to be obtained rapidly, by sim- 
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ply moving a wheel, lever, or rod which controls the combina- 
tion or velocity ratio of the mechanism through which the mo- 
tion is transmitted. I f  the machine is of the automatic type, 
the speed may be regulated according to varying conditions, by 
the mechanism of the machine itselt, which is constructed 
or adjusted beforehand to give the proper changes. The exact 
arrangement of the details depends, in any case, upon condi- 
tions such as the speed variation required, the importance of 
rapid changes, the relation of the speed-controlling mechanism 
to other parts of the machine, etc. 

Mechanical devices for varying the speed are of special 
importance on machine tools. In fact, most machine tools are 
so constructed that the speed of the cutting tool or  of the 
part heing operated upon can be varied, the range or  extent 
of the variation depending upon the type of machine. These 
changes are desirable in order to cut different kinds of metal 
at the most efficient speed; for example, soft brass may be 
turned, drilled, or planed at a much higher speed than cast iron 
or  steel, and, by using the fastest speed that is practicable, 
obviously the rate of production is increased. Another im- 
portant reason for speed variation is to secure the proper sur- 
face speed fo r  revolving parts, regardless of  the diameter, and 
the correct cutting speeds for rotating tools of different sizes. 
In the case of lathes or other turning machines, the speed of 
the work is increased as the diameter decreases, in order to 
maintain a cutting or surface speed which is considered suit- 
able for the kind of metal being machined. Similarly, drill- 
ing or boring machines are so designed that the speed of the 
drill or boring bar can be varied in accordance with the diam- 
eter of the hole being drilled or bored. The design of this 
part of any machine tool involves determining the minimum 
and maximum speeds that would ordinarily be required, the 
total number of variations, the amount of increment by which 
each step or change varies, and the design of the mechanical 
device for securing speed changes and transmitting them to 
the work-spindle or tool. These speed-changing devices usu- 
ally consist of different combinations of gearing, although 
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belt-driven pulleys and friction gearing are often utilized. 
Types of Mechanical Speed-changing Mechanisms. - 

When a variation of speed is obtained by changing the ve- 
locity ratio of two or more parts forming a train of mecha- 
nism, one of the following methods is generally employed: 
(1) By means of conical pulleys connected by a belt or cone- 
pulleys having "steps" of different diameters upon which a 
connecting belt may be shifted; (2) by the use of cone-pulleys 
in conjunction with one or more sets of gears; ( 3 )  by means 
of toothed gears exclusively, with an arrangement that enables 
the motion to be transmitted through different ratios or com- 
binations of gearing; (4) by employing a friction transmis- 
sion consisting of driving and driven disks, pulleys, or  wheels, 
so arranged that one member (o r  an intermediate connecting 
device) can be shifted relative to the axis of the other for 
varying the speed. These different types or classes of speed- 
changing mechanisms are constructed in various ways. 

Combination of Cone-pulley and Gearing. - One method 
of changing speeds by using a cone-pulley in conjunction with 
gearing is illustrated by diagram A, Fig. 1. This particular 
arrangement is commonly employed on engine lathes and is 
known as "back-gearing." When the pulley is driving the 
spindle direct, it is usually locked to the spindle by means of 
a bolt which connects it with the "face gear" d. For the 
direct drive, the back-gears are disengaged and the main spin- 
dle and cone-pulley revolve together. By disengaging the cone- 
pulley from gear d so that it rotates freely about the spindle 
and engaging the back-gears, motion is transmitted from the 
"cone gear" a to gear b, and from c to  d; in this way, the 
range of speeds obtained by the direct drive is doubled. With 
a four-step cone-pulley, there would be four direct speeds and 
four slower speeds with the back-gears engaged, the drive 
being so proportioned that a gradual increase of speeds from 
the minimum to the maximum, or  vice versa, may be obtained. 
The sleeve which carries the two back-gears revolves about a 
shaft having eccentric bearings at the ends, so that, by turn- 
ing this shaft, the back-gears are engaged or disengaged, 
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Many modern engine lathes have double back-gears, one 

arrangement being shown at B. There are two cone gears a 
and b and two mating gears c and d on the rear shaft, so that 
a double range of geared speeds may be obtained, in addition 
to variations secured with the direct drive ; thus, with a three- 

step cone-pulley, there would be a total of nine speeds. The 
gears c and d are shifted along the rear shaft for changing 
their position relative to  the cone gears. A modification of 

Fig. 1. Gearing m d  Cone-pulley Combinationm for Vuylng Speed 

the double back-geared drive is so arranged that the two gears 
on the rear shaft are connected by a friction clutch controlled 
by a conveniently located lever. Another design of lathe 
headstock gearing is commonly known as "triple gearing,'' 
although this term is not always applied to the same form of 
drive by machine-tool builders. Ordinarily, however, a lathe 
is said to be triple-geared when there are two gear shafts. 
The cone-pulley speeds are doubled by driving through one 
combination of gears, and a third range of speeds is obtained 
by transmitting the motion through the other combination, the 
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pinion of the second shaft being engaged directly with a 
large internal gear on the faceplate. Triple gearing is used 
on large lathes and the direct drive to the face-plate provides 
a very powerful turning movement, such as is required for 
taking heavy cuts on castings or forgings of large diameter. 

Cone-pulley and Epicyclic Gearing. - The use of a cone- 
pulley and planetary or epicyclic gearing is shown at C, Fig. 1. 
The cone-pulley has a pinion a, which meshes with pinion b, 
mounted on a stud carried by plate c. Pinion b  also meshes 
with an  internal gear forming part of casting e. This casting 
and the cone-pulley are both loose upon the shaft, but plate c 
is keyed to it. When lock-pin d engages a notch in plate c, 
the gears are locked together and the shaft is driven directly 
by the cone, the entire mechanism revolving as a unit. When 
lock-pin d is engaged with a stationary arm g, the internal 
gear is prevented from rotating and motion is transmitted 
to the spindle of the machine from the cone-pulley, as pinion a 
causes pinion b  to revolve about the stationary internal gear 
and carry with it plate c, which transmits a slower speed to 
the spindle than is obtained with the direct drive. This de- 
sign, which has been applied to some upright drilling machines, 
is sometimes known as a "differential back-gear." 

Another cone-pulley containing epicyclic gearing is shown 
by the diagram Dl Fig. 1. Bevel gears are employed in this 
case, instead of spur gears, and the combination is known as 
"Humpage's gear." This gearing was designed originally to 
replace the back-gearing of a lathe, but it has been applied 
to various classes of machinery. When used in conjunction 
with a cone-pulley, the arrangement is as follows: The cone- 
pulley is loosely mounted on its shaft and carries a pinion a 
which meshes with gear b.  This gear is locked to pinion c, 
thus forming a double gear that is free to turn about arm d, 
the hub of which is also loosely mounted on the spindle or 
shaft. Gear b  meshes with gear f ,  whereas pinion c meshes 
with gear e. Diametrically opposite arm d, there is another 
arm which carries gears corresponding to b  and c. This addi- 
tional gearing is included because of its balancing effect and 
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need not be considered in studying the action of the gearing. 
The gear e is keyed to the spindle, and, except when a direct 
drive is employed, gear f is stationary. With the fulcrum gear 
f  stationary and gear a revolving, gear e and the spindle are 
rotated a t  a much slower speed, as the arm d and the inter- 
mediate connecting gears roll around gear f .  The direction 
in which gear e rotates for a given movement of gear a de- 
pends upon the ratio of the gearing, and the direction may 
be reversed by changing the relative sizes of the gears. When 

f x c  the ratio - is less than 1, gears a and e will revolve in 
b ~ e  

the same direction, whereas, if this ratio is greater than 1, 
they will revolve in opposite directions. This is compact gear- 
ing and the velocity ratio may be varied considerably by a 
slight change in the relative sizes of the gears. 

f x c  The velocity ratio when - is less than 1 may be deter- 
b x e  - ., - 

mined by the following formula, in which the letters repre- 
sent the numbers of teeth in the gears marked with correspond- 
ing reference letters in the illustration : 

f 
_ + I  
(L 

Ratio = 
f x c  I - - 
b x e  

If gear a has 12 teeth, b, 40 teeth, c, 16 teeth, e, 34 teeth, 
and f ,  46 teeth, then, 

Ratio = 46/r2 + I a -  4n = 10.53 
4 6 x 1 6  39 

I - ------- - 
- 40 X 34 85 

Therefore, gear a will revolve 10.53 times while gear e is 
f x c  making one revolution. If the expression - is greater 

than 1, the formula may be changed as follows : 

f + I  

Ratio = a 
f x c  
b y -  

I  
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Geared Speed-changing Mechanisms. -When toothed 
gearing is used exclusively in a speed-changing mechanism, 
the most common arrangements may be defined as the (1) 
sliding-gear type ; ( 2 )  the clutch-controlled type ; ( 3 )  the 
gear-cone and sliding-key type; (4) the gear-cone and ex- 
panding-clutch type; (5 )  the gear-cone and tumbler-gear 
type; and (6) the multiple crown-gear and shifting-pinion 
type. Diagram A, Fig. 2, illustrates the principle of the slid- 
ing-gear design. One of the parallel shafts carries two fixed 
gears, a and c; the gears b and d on the other shaft are free 
to slide axially so that motion may be transmitted either 
through gears a and b or c and d. The first combination 
gives a faster speed than the latter, because driving gear a 
is larger than gear c. For  obtaining a greater range of speeds, 
two or  more sets of sliding gears are used in many cases. 

Clutch Method of Control. - Diagram B, Fig. 2, illustrates 
the use of a clutch for controlling speed changes. This clutch 
is located between the two driven gears and it can be engaged 
with either of these gears by a lengthwise movement effected 
usually by a lever. While this clutch is free to slide axially, 
it is prevented from revolving about the shaft by a spline or 
key. The driven gears, however, turn freely about the shaft 
unless engaged by the clutch. A positive clutch is shown in 
the diagram, or one having teeth which engage corresponding 
notches in the hubs of the gears; many of the clutches for 
speed-cha@ing rrkchanisms, however, are of the friction type. 

In the diagram$ A and B, single-belt pulleys are shown upon 
the driving shafts. This is a common method of rotating the 
initial driving shaft of speed-changing mechanisms of the all- 
geared type, the shaft rotating at a constant speed and all of 
the changes being obtained by the shifting of gears or clutches. 
O n  many machines, however, the single constant-speed belt 
pulley is replaced either by a motor of the constant-speed type 
o r  one of the variable-speed type. 

Intermeshing Gear Cones and Sliding Key. -The use of 
intermeshing gear cones and a sliding key for changing speeds 
is represented by diagram C, Fig. 2. Two cones of gears are 

mounted upon parallel shafts so that they intermesh, one shaft 
being the driver and the other, the driven member. All of the 
gears on shaft a are attached to it, whereas those on shaft b 
are free to revolve around the shaft, except when engaged by 
the key c, which can be shifted from one gear t o  another by 
moving rod d. If the key were in the position shown by the 
diagram, the drive would be through gears g and e; i f  a were 
the driving shaft, the speed of  shaft  b could be increased by 

Pig. 1. Dlrmnmr Illustratin~ Different Type# of All-geared Speed-cbnglng 
Afechaniarna 

engaging the key with gears to the left. Obviously, the num- 
ber of speed changes corresponds to the number of gears in 
the cone. 

The driving end of the key projects through a slot in the 
shaft and the edges are beveled to an angle of about 45 
degrees, so that, as the key is moved in a lengthwise direction, 
it will be depressed by the action of the beveled edge against 
a steel washer or guard n placed between each pair of gears. 
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With this arrangement, the key is completely disengaged 
from one gear before meshing with the next one, which is 
essential with a drive of this kind. The key is forced upward 
into engagement with the keyways of the different gears, by 
means of  a spring beneath it. A modification of the rnecha- 
nism just described is so arranged that, instead of locking 
the gears in the upper cone by means of a sliding key, each 
gear is fitted with a ring which may be expanded by means 
of a wedge, the action of which is controlled by suitable means. 
The gear-cone and sliding-key mechanism is applied t o  many 
different types of machine tools, although this form of mecha- 
nism is usually installed either for transmitting feeding motion 
o r  in connection with spindle dr:ves which require a relatively 
small amount of power. 

Gear-cone and Tumbler-gear Mechanism - The arrange- 
ment of a gear-cone and tumbler-gear mechanism is repre- 
sented by diagram D, Fig. 2. There is a cone of gears on 
shaft a and a pinion b which is free to slide on a splined shaft 
and is connected with cone gears of different diameters, by 
means of the tumbler gear c. The tumbler gear is carried by 
an arm which can be shifted parallel to the axis of the gear 
cone for  aligning the tumbler gear with any one of the cone 
gears ; this arm can also be moved at right angles to the axis of 
the gear cone for bringing the tumbler gear into mesh with the 
various sizes of gears composing the cone (as shown by the 
dotted circles), and provision is made for locking the arm 
in its different positions. Cone-and-tumbler gearing is not 
always arranged as shown by diagram D; for instance, the 
tumbler gear, instead of engaging with a pinion mounted upon 
a splined shaft, may mesh with a long pinion, o r  the tumbler 
gear may be carried by a frame which is adjusted to bring 
the tumbler gear into mesh with the different cone gears. 
Another modification consists of a cone of gears which are 
adjusted axially for alignment with the tumbler gear which 
is only moved in a radial direction. 

Multiple Crown-gear and Shifting Pinion. - The multiple 
crown-gear type of speed-changing mechanism is represented 

by diagram E, Fig. 2. The crown gear g has several con- 
centric rows of teeth, and the speed is varied by shifting the 
pinion h so that it engages a row of larger or  smaller diam- 
eter. This mechanism has been applied t o  drilling machines 
for varying the feeding movements of the drill. 

The design and application of the various kinds of speed- 
changing mechanisms previously described, and fie exact 
arrangement of the gears o r  other parts are governed very 
largely by the type of machine and the general nature of the 
work which it does. Mechanisms of the same general type 
are often constructed along different lines. 

Gear Ratios and Speed Variations. - Proportioning a train 
of gears to obtain a given velocity ratio, o r  possibly a given 
series of speeds, is frequently encountered in the design of 
geared transmissions. When the problem is simply that of 
obtaining a given velocity ratio, and when the latter is so large 
that more than one pair of gears should be used, a uniform 
reduction between the different pairs is conducive to  the high- 
est efficiency. Whenever this arrangement is practicable, the 
ratio of each pair in a train may be determined by extracting 
the root of the total ratio. If there a re  two pairs of gears, 
extract the square root; for three pairs, extract the cube root, 
etc. For example, i f  the total ratio between the first driving 
and the last driven gear is t o  be 125 t o  1 and three pairs of 
gears are to be used, the ratio of each pair should preferably 

a- 
equal 5 to 1, since d 125 = 5. 

Speeds in Geometrical Progression. - In  designing gear 
combinations for varying spindle speeds o r  feeding movements, 
it is general practice, among machine tool builders particularly, 
to vary the speeds in geometrical progression, successive 
speeds being obtained by multiplying each preceding term by 
a ratio or constant multiplier. Thus, if the slowest speed is 
50 revolutions per minute and the ratio is 1.3, the succeeding 
speeds will equal 

50 X 1.3 = 65 
65 X 1.3 = 84.5 

84.5 X 1.3 = 109.8 
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When the fastest speed f and the slowest speed s in a series 
are known and also the total number of speeds n, the ratio 
may be determined by the well-known formula: "-?? Ratio = 

Since logarithms would ordinarily be used for the extrac- 
tion of this root, the ratio may be obtained as follows: 

Rule. Subtract the logarithm of the slowest speed from 
the logarithm of the fastest speed and divide the difference by 
the total number of  speeds minus 1. The result will equal the 
logarithm of the ratio. 

Ratios for Machine Tool Drives. - In actual practice, the 
exact progression obtained may be modified slightly to per- 
mit using gears of a certain diametral pitch. For machine 
tool transmissions, the ratio of a geometrical progression 
should, as a general rule, be between 1.3 and 1.5, as otherwise 
there will be either too small or too great a difference between 
successive speeds. There would be no practical advantage in 
a series of speeds varying by small increments equivalent to 
a ratio of say, 1 . l ,  whereas, i f  the ratio were 1.7 or possibly 
2, the changes from one speed to the next would be excessive. 
Feeding mechanisms may be designed for ratios of 1.2 or 
less, depending on the type of machine. 

Speeds of machine tool drives and especially feed changes 
are sometimes varied according to "chromatic scale progres- 
sion," with a ratio of either 1.4142 or 1.189 in case a lower 
ratio is required. The first ratio is the square root of 2, and 
the second the fourth root of 2. The object of using these 
particular ratios is to obtain a series of speeds or feeds con- 
taining the even ratios, 2, 4, 8, 16, etc. 

Speed Calculations for Lathe Headstock. - As an exaniple 
of gear designing, for obtaining speed changes, assume that 
the problem is to design a lathe headstock with a stepped cone 
pulley. The headstock is to have a five-step cone with back- 
gears, giving ten speeds in all, and the speeds are to range 
from 300 down to 10 revolutions per minute. 

The first thing to determine is the geometrical progression 

of ten numbers from 10 to 300. A s  the maximum and mini- 
mum speeds and the number of speed changes are known, the 
ratio of the progression may be determined by using the for- 
mula previously given. Inserting the values in this formula 
we have, 

Therefore to  have speeds from 10 to 300 revolutions per 
minute, ten in number, we must use a ratio of 1.46, which 
on multiplying gives the results shown in the first column of 
Table 1. Five of these speeds are obtained from the five-step 
cone. The function of the back-gear is to  double the number 
of speeds, making ten in all. W e  have decided, from observa- 
tion or experience, that the least practicable diameter for the 

Table I 

smallest cone step is 5 inches. This gives a starting point froin 
which all the other cone steps may be calculated, as their ratios 
must be to one another as the ratios of their speeds. 

Cone Pulley Diameters For Crossed Belts. - The highest 
speed is obtained, of course, when the belt is driving from the 
largest step of the countershaft cone to  the smallest step of the 
headstock cone and the back-gear i s  out of mesh. Countershaft 
and headstock cones are usually made alike; consequently the 
two middle steps will be the same diameter, which makes 
the countershaft speed the same a s  the middle speed of the 
cone, without the back-gears, or 140.5 revolutions per minute. 

P 

Speeds vary in^ in Geometrical 
Progression 

10 ..... . . . . - 10.0 
10 X 1.46 - 14.6 
14.6 X 1.46 = 21.3 
21.3 X 1.46 - 31.0 
31  X 1.46 = 45.3 
45.3 X 1.46 - 66.0 
66 X 1.46 96.4 
96.4 X 1.46 = 140.5 

140.5 X 1.46 - 205.0 
205 X 1.46 - 299.3 

Speeds Actually 
Obtained 

9.7 
14.5 
2 1.0 
30.0 
45.0 
65.0 
97.0 

140.0 
202.0 
300.0 
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The size of the largest step may be obtained by the formula: 
Max. spindle speed X Diam. smallest step 

Diam. largest step = Speed of countershaf t 

Diameter of largest step = as = 10.7 inches 
140.5 

The middle step should next be determined. It  is the sum 
of the large and the small diameters divided by 2:  

5 + 10.7 + 2 = 7.85 inches 
The second largest step will be the mean between the middle 

and the largest step : 
7.85 + 10.7 +- 2 = 9.27 inches 

The second smallest step in like manner will be: 
5 + 7.85 + 2 = 6.43 inches 

Calculating the Back-geam - The back-gears obviously 
must be of such ratio as to reduce the first five speeds to a 
second or  slower five. The ratio between the slowest of the 
first five and the slowest of the second five is as 10 to 66 revo- 
lutions per minute or 6.6 to 1. As the back-gear consists of 
two pairs of gears, this ratio is the product of their respective 
ratios, and we must extract the square root to find what these 
respective ratios may be. The square root of 6.6 is 2.56. 
Therefore the ratio of each pair of gears should be 2.56 to 1. 
We may now proceed to find the number of teeth in the gears. 
It  is customary to make the gears next to the faceplate of 
heavier pitch, as they are the slowest running and consequently 
have the greatest tooth pressure. Suppose we find by calcu- 
lation, experience, or comparison with other makers that the 
faceplate gears should be 4 diametral pitch and the back-gear 
shaft admits of using a 15-tooth pinion. Then: 

15 X 2.56 = 39 teeth, approximately 
15 + 4 = 394 inches pitch diameter 
39 t 4 = 9% inches pitch diameter 

One-half of the sum of the pitch diameters, or 6% inches, 
equals the center-to-center distance. Now we want to make 
the other pair of gears 5 diametral pitch, and 5 diametral pitch 
gears will not fit into 6%-inch centers. The solution of the 
problem is to make the faceplate gears with 16 and 40 teeth, 

respectively, which win make the centers an even 7 inches. 
16 -:- 4 = 4 inches pitch diameter 
40 + 4 = 10 inches pitch diameter 

Therefore the center distance equals = 7 inches. 
L 

This alters the ratio slightly, as the ratio of 40 to 16 is 2.5. 
The difference must be made up in the other pair of gears as 
follows : 

6.6 + 2.5 = 2.64 ratio for 5 diametral pitch gears 
Twice the center distance or 14 inches is the combined pitch 

diameters of the gears, and with 5 diametral pitch the corn- 
bined number of teeth is 70. The desired ratio is 2.64. Add 
1 to this ratio and divide it into the total number of teeth. 
Thus : 

70 t 3.64 = 19, approximately 
Therefore we have 19 teeth in the pinion and 70 - 19 = 51 

teeth in the gear. The spindle speeds will nowr be checked as 

Table I1 

Counter- Counter- Headstock 
Back-gears Spindle 

Speed, Diam. Diameter, speeds, 
R.P.M. Inches Inches R.P.M. 

140 X 10.7 + 5.00 Out - 300 
140 X 9.27 + 6.43 Out - 202 
140 X 7.85 + 7.85 Out - 140 
140 X 6.43 + 9.27 Out = 97 
140 x 5.00 + 10.7 Out - 65 
140 X 10.7 + 5.00 X 19 X 16 + 51 X 40) - 45 
140 X 9.27 + 6.11 X 119 X 16 + 51 X 40) - 30 
140 X 7.85 t 7.85 X (19 X 16 + 51 X 40 - 21 
140 X 6.43 + 9.27 X (19 X 16 + 5 1  X 401 - 14.5 
140 X 5.00 + 10.7 X (19 X 16 + 51 X 40) - 9.7 - 

shown in Table 2 to see how close we have come to the desired 
result. We will make the countershaft speed 140 revolutions 
per minute even. The results shown in Table 2 are also com- 
pared with the ideal speeds in Table 1. I t  is possible to get 
even closer results by a little juggling, but such accurate speeds 
are seldom necessary. 

Planetary or Epicyclic Gear Trains. -If one of the gears 
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in a train is fixed or stationary, and another gear (or gears) 
revolves about the stationary gear in addition to rotating rela- 
tive to its own axis, the mechanism is known as an epicyclic 
train of gearing, because points on the revolving gears describe 

epicycloidal curves. The two gears a and b (see diagram A, 
Fig. 3) are held in mesh by a link c. If this link remains sta- 
tionary and gear a makes one revolution, the number of revo- 
lutions made by gear b will equal the number of teeth in a 
divided by the number of teeth in b, or the pitch diameter of a 

divided by the pitch diameter of b. If a and b represent either 
the pitch diameters of the gears or numbers of teeth, the revo- 

lutions of b to one turn of a equal '2. If gear a is held sta- 
b 

tionary and link c is given one turn about the axis of a, then 
a 

the revolutions of gear b, relative to  arm c, will also equal 8, 
tile same as when gear a was revolved once with the arm held 
stationary. Since a rotation of arm c will cause a rotation 
of gear b in the same direction about its axis, the total num- 
ber of revolutions of gear b, relative to a fixed plane, for one 
turn of c, will equal 1 (the turn of c )  plus the revolutions of b 

relative to c or 1 + f For example, if gear a has 60 teeth 
b ' 

and gear b, 20 teeth, one turn of arm c would cause b to rotate 

@ , or 3 times about its own axis ; gear b, however, also makes 
2 0  

one turn about the axis of gear a, so that the total number of 

revolutions relative to a fixed plane equals 1 + 60 = 4 rev+ 
2 0  

lutions. 
In order to illustrate the distinction between the rotation of 

b around its own axis and its rotation relative to a fixed plane, 
assume that b is in mesh with a fixed gear a and also with an 
outer internal gear that is free to revolve. If the speed of the 
internal gear is required, it will be necessary, in calculating 
this speed, to consider not only the rotation of b about its own 
axis, but also its motion around a, because the effect of this 
latter motion on the internal gear, for each turn of link c, is 
equivalent to an additional revolution of b. 

Diagram B, Fig. 3, represents an internal gear d in mesh 
with gear e on arm f .  If arm f is held stationary, the revolu- 

d 
tions of e for one turn of d equal , d and e representing the 

numbers of teeth or pitch diameters of the respective gears. 
If the internal gear is held stationary and arm f is turned 
about axis g, the rotation of e about its axis will be clockwise 
when f is turned counter-clockwise, and vice versa; hence, the 
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revolutions of gear e, relative to a fixed plane, for one turn of 
f about g, will equal the difference between 1 (representing 

d 
the turn of f )  and the revolutions equal to - . 

C 

Method of Analyzing Epicyclic Gear Trains. - A simple 
method of analyzing epicyclic gearing is to consider the actions 
separately. For instance, with the gearing shown at  A, Fig. 
3, the results obtained when link c is fixed and the gear a 
(which normally would be fixed) is revolved are noted; if gear 
a is revolved in a clockwise direction, then, in order to repro- 
duce the action of the gearing, the entire mechanism, locked 
together as a unit, is assumed to be given one turn counter- 
clockwise. The results are then tabulated, using plus and 
minus signs to indicate directions of rotation. Assume that 
gear a has 60 teeth and gear b, 20 teeth, and that + signs 
represent counter-clockwise movements and - signs clock- 
wise movements. If link c is held stationary and gear a is 
turned clockwise (-) one revolution, gear b will revolve 
counter-clockwise (+) 6%o revolution. Next consider all of 
the gears locked together so that the entire combination is 
revolved one turn in a counter-clockwise (+) direction, thus 
returning gear a to its original position. The practical effect 
of these separate motions is the same as though link c were 
revolved once about the axis of a fixed gear a which is the 
way in which the gearing operates normally. By tabulating 
these results as follows, the motion of each part of the mecha- 
nism may readily be determined : 

Gear a Link c Gear b 
Link Stationary. . . . . . . . . . . . . - 1 turn Oturn +%turn 
Geam Locked.. . . . . . . . . . . . . . +1 turn +1 turn + l  turn 

Number of Turns.. . . . . . . . . . . 0 + 1 + 4 

The algebraic sums in line headed "Number of Turns" in- 
dicate that, when gear a is held stationary and link c is given 
one turn about the axis of a, gear b will make 4 revolutions 
relative to a fixed plane in a counter-clockwise o r  + direction, 
when link c is turned in the same direction. 

The application of this method to the arrangement of gear- 
ing shown at B, Fig; 3, will now be considered. Assume that 
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gear d has 60 teeth and gear e, 20 teeth. Then, if gear d is 
turned clockwise with link f stationary, and the entire mecha- 
nism with the gears locked is turned counter-clockwise, an 
analysis of the separate motions previously referred to will 
give the following results : 

Gcard Llnk f Gear 8 

Link Stationary.. . . . . . . . . . - 1 turn 0 turn -$ turn 
Gears Locked.. . . . . .. .. . . . +l turn +1 turn +1 turn 

Number of Turns.. . . . . . . . . 0 + 1 - 2  

Effect of Idler in Epicyclic Gear Train.- If an idler gear i 
is placed between gears a and b (diagram C, Fig. 3), the latter 
will rotate about its axis in a direction opposite to that of the 
link (the same as with the arrangement shown at  B ) ,  and the 
revolutions of gear b, relative to a fixed plane, for one turn 
of link h about the axis of a, will equal the difference between 

1 (representing the turn of h )  and the revolutions equal t o  c .  
b 

Assume that gear a has 60 teeth, idler gear i, 30 teeth, and 
gear b, 20 teeth. Then the turns of b, relative to a fixed mem- 
ber for one turn of h about the axis of a, are shown by the 
following analysis : 

Gear a Idler i Link h Gear b 
Link Stationary.. . . . . . . . - 1 turn +g turn 0 turn - 8 turn 
Gears Locked ...... . . . . . +I  turn + 1  turn + I  turn + I  turn 

Number of Turns.. . . . . . 0 +3 +1 - 2 

The direction of rotation of b, relative to a fixed member, 
may or may not be in the same direction as that of link 12, 
depending upon the velocity ratio between gears a and b. If 
gears a and b are of the same size, one turn of link h will 
cause b to revolve once about its own axis, but, as this rota- 
tion is in a direction opposite to that of h,  one motion neutral- 
izes the other, so that b has a simple motion of circular trans- 
lation relative to a fixed member. If gear b were twice as 
large as a, it would then revolve, for each complete turn of 
link h, one-half revolution about its own axis, in a direction 
opposite to the motion of h; this half turn subtracted from the 
complete tum of link h gives a half turn in the same direction 
as h, relative to  a fixed member. 
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Compound Train of Epicyclic Gearing.- Diagram D, Fig. 
3, illustrates a compound train of epicyclic gearing. This ar- 

rangement modified to suit different conditions is commonly 
employed. Gear a represents the fixed member and meshes 
with gear k, which is attached to the same shaft as gear I .  
Gear 1 meshes with gear b the axis of which coincides with 
that of fixed gear a. Assume that gear n has 36 teeth, gear k, 
34 teeth, gear 1, 35 teeth, and gear b, 35 teeth. Then one turn 
of link n about the axis of gear a would give the following 
results : 

C a r  a Llnkr G u n k  and 1 Geu b 

Link Stationary.. . - 1  turn 0 turn +#turn - ($ X B) turn 
Gears Locked.. . . . + I  turn + I  turn + I  turn + I  turn - 
Number of Turns. 0 + 1 +11/ - h  

From this analysis, it will be seen that, for each counter- 
a I 

clockwise turn of link n, the rotation of gear b equals I-- x - k b  
in which the letters correspond either to the pitch diameters or 
numbers of teeth in the respective gears shown at D in Fig. 3. 

a I If the value of - X-  is less than 1, gear b will revolve in the 
k b  

same direction as link n, whereas, i f  this value is greater than 
1, gear b will revolve in the opposite direction. 

Compound epicyclic gearing may be used for obtaining a 
very great reduction in velocity between the link n and the last 
gear b in the train. As an extreme example, suppose gear a 
has 99 teeth, gear k, 100 teeth, gear 1, 101 teeth, and gear b, 

100 teeth. The speed of gear b will equal I - 99 X lor = 
100 X I 0 0  

I - revolution; hence link n would have to make 10,000 
10.000 

revolutions for each revolution of gear b. The arrangement 
of epicyclic gearing shown at D is known as a rmnted train. 

Diagram E shows another arrangement of reverted train. 
An internal gear t forms part of the mechanism, and either 
this gear, frame q, or pinion p may be the stationary member, 
depending upon the application of the mechanism. In this 
case, instead of a single set of gears between p and t, there is 

a double set located diametrically opposite and connected by 
a suitable frame q. This arrangement is similar to the mecha- 
nism of a certain type of geared hoist. The central pinion p 
is the driving member, internal gear t is stationary, and the 
frame q is the driven member and imparts motion to the hoist- 
ing sheave. 

Sun and Planet Motion. - A mechanism of the general type 
illustrated by diagram A, Fig. 3, was employed by Watt  for 
transmitting motion from the connecting-rod to the engine 
shaft, because the crank motion had been patented previously. 
This mechanism is known as a "sun and planet'' motion, the 
fixed gear a representing the sun and the revolving gear b, 
the planet. In  applying this mechanism to  an engine, one gear 
was keyed on the shaft and the other was fixed to the con- 
necting-rod. The connecting link between the gears was loose 
on both shafts. A forward and return stroke of the piston 
caused the connecting-rod gear to pass once around the shaft 
gear, but without revolving on its own axis, as i t  was attached 
to the connecting-rod. With this arrangement, if both gears 
are of the kame diameter, the shaft gear will make two revo- 
lutions for one turn of the connecting link between the gears 
or one revolution for each stroke. 

Differential Gearing for Large Speed Reduction.- When 
it is necessary to obtain a speed reduction of large magnitude, 
some arrangement of differential gearing may be preferable. 
Belting may not be suitable, either because it does not give a 
positive drive from the driving to the driven shaft, or  because 
there is not sufficient room for the pulleys. Lack of room 
may also prevent the use of chains and sprockets. Spur gear 
trains often require too many gears, thus introducing high 
costs and an undue amount of power loss through friction. 
Differential gearing as a means of obtaining a satisfactory 
speed reduction mechanism of compact form is utilized on 
many classes of machines. With the form shown in Fig. 4, 
the speed reduction is made from the shaft A to  the shaft 
B. As may be seen, the gears C and C1 are fixed on shaft A. 
Gear E is merely an idler meshing with gears C and D. Gear 
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D is fixed on the hub of bevel gear F, which is bushed and 
free to revolve on the shaft B. Gear C1 meshes directly with 
gear Dl. Gear Dl is mounted on the hub of the bevel gear F, 
which is bushed and free to revolve on shaft B, the same as 
gear F. The crank H is keyed to the shaft B, and on its two 
arms are mounted the bevel idler gears G and G1 which are 
bushed and free to revolve on the arms. 

Now as C and C1 are keyed to the shaft A, it is evident that 

Fig. 4. Spwd Reductloa Mechmnlm Hmplorln& Dlilerentlml Gearlag 

they must always turn or rotate in the same direction. I t  
should be noted further that C1 drives direct to Dl and that C 
drives D through the idler gear E. Therefore D and Dl must 
revolve in opposite directions. Their speeds are also differ- 
ent, as gear C has more teeth than gear C,. Gears F and F,  
must, of course, revolve with gears D and Dl which are 
mounted on their respective hubs. The bevel gears G and GI 

meshing with both F and F1 must therefore revolve on their 
own axis. If F and F1 should revolve a t  the same speed 
but in opposite directions, gears G and G1 would be stationary 
with respect to the axis of the shaft B, that is, they would 
revolve on their own axis, but they would not revolve about 
shaft B. Now if F and F1 should revolve at different speeds, 
G and G1 must revolve about the axis of the shaft B, and thus 
revolve shaft B through crank H. 

The number of revolutions per minute of shaft B, which 
is driven by crank H will be one-half the algebraic sum of 
the number of revolutions per minute of the speeds of the 
bevel gears F and F1. In order to make this clear, let it be 
assumed that a point on the pitch circle of gear F1 is traveling 
at a rate of x + y feet per minute, and that gear F is sta- 
tionary. It is obvious that a point the same distance from 
the center of shaft B on the axis of G and G1 will travel at a 
speed of ( x  + y )  feet per minute. Assume that a cor- 
responding point on gear F is traveling x feet per minute 
in the opposite direction or-x feet per minute, and con- 
sider gear F1 to be stationary. The corresponding point on 
the axis of gears G and GI will now travel at a rate of 5 
(- x )  feet per minute. Next assume that both gears F, and 
F are traveling at their respective speeds of plus x + y and 
minus x feet per minute. Now adding the speeds of F ,  and 
F we obtairied x + y - x = y feet per minute. Then a speed 
of one-half y feet per minute equals the speed of the point 
under consideration on the axis of gears G and GI. 

As the pitch diameters of gears F and F r  are equal and 
cannot be otherwise, and as these gears mesh with gears G 
and G1, it is evident that the number of revolutions per minute 
can be readily employed to designate the speed. Therefore, 
the speed of shaft B can be expressed as one-half the algebraic 
sum of the revolutions per minute of gears F and F,. The 
selection of the bevel gears is merely a matter of choosing 
such sizes as can be used in the available space, and still be of 
sufficient size to give the necessary tooth strength for the 
material used and the load imposed. The diameters of gears 
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G and GI should, of course, be made as large as permissible 
so that they will not revolve on the crank H a t  a higher speed 
than necessary. In determining the sizes of the spur gears 
to be used, it is only necessary (not considering the available 
space) to select such sizes as will give the desired difference 
in speed between F and F1, together with a suitable surface 
speed. 

The following example will serve to make clear the pro- 
cedure followed in laying out or designing a speed reduction 
device of the type shown in the illustration. W e  have shaft 
A running at a speed of - 625 revolutions per minute (anti- 
clockwise), and it is desired to drive shaft B from shaft A 
so that shaft B will revolve in a clockwise direction at a speed 
of approximately 3 revolutions per minute. The algebraic 
sum .of the speeds of gears F and F , ,  must, therefore, be 
about + 6 revolutions per minute. Taking 300 revolutions 
per minute as an approximate speed for F1,  we may proceed 
to determine the pitch and size of the gears to be used. 

Let it be assumed that we select an &-pitch gear having a 
pitch diameter of 7 5  inches for Dl and an &pitch gear hav- 
ing a pitch diameter of 35 inches for gear C1. These gears 
will give bevel gear Fl a speed of + 291.67 revolutions per 
minute. The speed of gear F should therefore equal approxi- 
mately - 291.67 + 6 or - 285.67 revolutions per minute. 
Now if gear D has a pitch diameter of 7% inches and gear C 
has a pitch.diameter of 3 6  inches, gear F will have a speed 
of approximately - 286.02 revolutions per minute. The dif- 
ference between the number of revolutions of gears F and F1 
will then equal 5.65 revolutions per minute, and the speed 
of shaft B will be one-half as great or + 2.82 revolutions pet 
minute. 

It is, of course, difficult to obtain an exact speed for shaft 
B, but by using gears of as fine a pitch as possible without 
an undue sacrifice of strength, we can obtain very nearly the 
exact speed desired. The center distance between the two 
shafts can in some cases be varied, thus increasing the range 
in speed reduction that may be obtained. 

The possibilities of a speed reduction device of this kind is 
readily apparent to the designer. The speed of the shaft B 
with respect to shaft A is governed entirely by the speed ratio 
existing between the gears D and Dl.  The speed of shaft A 
may be as high as the successful operation of the gears will 
allow, and still by the right combination of gears it may be 
possible to obtain a very low speed for shaft  B. At the same 
time the whole gear assembly is very compact, and may be in- 
stalled where other forms of speed reduction mechanisms can- 
not be used. In order to obtain the best results, all the run- 
ning parts should, of course, be well oiled and this may be 
readily accomplished by running the whole assembly in an oil 
bath or in a case partly filled with oil. Operated under these 
conditions, the friction loss is very low. 

Differential Mechanism for Reduction of 840 to 1.- In 
machine design large reductions in speed are often obtained 
by the use of a differential mechanism, especially when the 
reducing unit must occupy a comparatively small amount of 
space. A differential mechanism in which a reduction of 840 
to 1 is secured by using only two spur gears, two worms, two 
worm-wheels, two bevel gears, two bevel pinions and a yoke, 
is shown in Fig. 5. The reduction ratio of this gearing may 
be altered to suit conditions by simply varying the number 
of teeth in the two spur gears. Dimension X is approximately 
7% inches on this particular lay-out. 

Spur gear A is the driving member of the differential unit. 
It  is mounted on the same shaft as worm C, and through these 
two parts drives worm-wheel E. Gear A also meshes with 
gear B, and thus drives a shaft running parallel to that on 
which it is mounted. On the second shaft  is a worm D by 
means of which power is transmitted to worm-wheel F. Gears 
A and B revolve in opposite directions, and as the thread of 
both worms is right-hand, worm-wheels E and F also rotate in 
opposite directions. Pinned to the adjacent sides of the two 
worm-wheels are bevel gears G, which, together with their 
respective worm-wheels, are free t o  turn on the driven shaft. 
These bevel gears mesh with two idler pinions on studs a t  
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I 
opposite ends of driving yoke J ,  which is pinned to the driven 
shaft. The idler pinions are held on the studs by means of 
screws. 

The large reduction obtained by this unit is due to giving 
spur gear B five more teeth than gear A. As a consequence, 
gear B makes only 30/35 revolution per revolution of gear A. 
The ratio of each set of worm-gearing is 60 to 1, and so for 
each revolution of gear A, worm-wheel E makes 1/60 revo- 
lution. The 30/35 revolution imparted to gear B at the same 
time causes worm-wheel F to turn 1/70 revolution in the oppo- 
site direction to  that in which worm-wheel E is revolved. 
Because of the two worm-wheels revolving in opposite direc- 
tions, the result on yoke J is the same as if worm-wheel F 
were held stationary and worm-wheel E were moved the dif- 
ference between 1/60 and 1/70 revolution. This would mean 
a forward movement of worm-wheel E of 1/420 revolution. 

As the center of driving yoke J is located half way between 
bevel gears G, the actual movement of the yoke per revolution 
of gear A will be only one-half the difference between the for- 
ward and backward movements of the two worm-wheels, or 
1/840 revolution. This can be easily proved by constructing 
a triangle as shown at Y, in which the line adjacent to angle 
L represents the pitch diameter of pinions H, and the length 
of the opposite side equals the distance that a point on the pitch 
circle of the bevel gear on worm-wheel E would move during 
1/420 revolution. Then if the adjacent side is bisected and 
a perpendicular is erected at that point, the length of the per- 
pendicular will be one-half the length of the opposite side of 
the triangle; this perpendicular line will equal the distance a 
point on the center line of the yoke, located from the center 
of the driven shaft a distance equal to the pitch radius of 
bevel gears G, will move during the movement of the bevel 
gear on worm-wheel E. This yoke movement equals 1/840 
revolution. 

Compound Differential Gears for Varying Speeds.- The 
differential speed-changing mechanism shown in Fig. 6 has 
spur gears and pinions but no internal gear. This is a corn- 
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pound or reverted train and is intended for an automatic 
screw machine of the heavier class in order to provide a slow 
and powerful movement to the spindle for heavy thread-cut- 
ting operations, or for any other heavy work which requires 
a powerful drive. The gearing is contained within the spindle 
driving pulleys on the back shaft of the spindle head. There 
are three pulleys and the slow speed is obtained by shifting 
the belt to the center pulley A, and engaging the sliding clutch 
B with gear C; as this clutch slides upon a square shaft and 
cannot revolve, the gear C is held stationary. There are two 
sets of planetary pinions D and E located diametrically oppo- 

F1g. 6. Compound or Reverted Trrln of Eptcyclle Cerdng for Reducing Speed 

site. The pinions on each stud are locked together but they 
are free to revolve about the stud. Pinions D rotate around 
the fixed gear C, while pinions E revolve the driven gear F 
at  a slow speed, but with considerable power. The gear F is 
keyed to the extension of pinion G which meshes directly with 
the front spindle gear of the machine. When this slow speed 
is not required, the clutch B is disengaged, so that the entire 
train of differential gears is free upon the loose center pulley 
A. Two spring plungers (not shown) attached to  pulley A 
engage the rim of pulley L and cause both pulleys to revolve 
together when the slow-speed attachment is not engaged, so 

that the planetary pinions will not revolve upon their studs 
at this time. The clutch B is shifted by a cam-operated rod H 
acting in conjunction with a spring J. 

With this arrangement of gearing, the differental action and 
reduction of speed is the result of the difference in the diam- 
eters of pinions D and E and their mating gears. When the 
slow-speed attachment is operating, the larger pinions D roll 
around the stationary gear C and force gear F to follow slowly 
in the same direction. This action will be more apparent if 
that part of the larger pinion D which is in engagement with 
stationary gear C, at  any time, is considered as a lever pivoted 
at the point where the teeth mesh with the stationary gear. As 
the pinion D revolves and the imaginary lever swings around 
its fulcrum, the teeth of the smaller pinion E in contact with 
gear F force the latter to move in the same direction in which 
the rolling pinions L) and E and pulley A are moving. 

Slow Starting Motion for Textile Machine.-The slow 
starting motion attachment shown in Fig. 7 is applied to tex- 
tile machines that are used for  winding the warp threads onto 
a loom beam, as a precaution against breakage of the threads, 
caused by sudden starting. Shaft  A, which is a short auxiliary 
shaft on which the pulleys and other parts are carried, is 
mounted in a bearing which is bolted to the frame of the ma- 
chine. Bushing B is fastened by a set-screw to A and forms 
the bearing for  the loose pulley C. The slow-motion pulley 
D, which has a twelve-tooth gear cast on its inside hub, turns 
freely on the shaft A. The casting E, which is also fastened 
by a set-screw to A carries the steel pinion F, the shank of 
which revolves in a bearing at  the end of the casting. This 
pinion has twelve teeth and on the opposite end of the shaft 
a gear of nineteen teeth is assembled, which meshes with the 
twelve-tooth gear on the slow-motion pulley D. The forty- 
tooth clutch gear G meshes with F and is loose on shaft A. 
This gear has a five-tooth clutch, as shown in the right-hand 
view at  g. The driving pulley H is also loose on A and has 
a brake pulley I and a driving gear 11, cast integral with it, 
the gear Hp driving the main gear of the machine. On the 
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inside of pulley H are three short studs J, each of which car- 
ries a small pawl K. 

The belt-shifting mechanism is not shown in the illustration, 
but i t  is operated by a foot-treadle, which is fastened to the 
treadle shaft. On the end of the treadle shaft, just inside the 
frame, is a segment arm, which meshes with the teeth on one 
end of a double gear. The teeth on the opposite end of this 
gear operate a sliding rack which projects from the frame, 
just above the pulleys. The belt guide is bolted to this rack, 
and as  the rack is run outward and the belt shifted to pulley 
C, the brake, which is also attached to the treadle shaft, is 

brought into contact with I and the machine is quickly stopped. 
This prevents the ends of yam that are being wound on the 
beam from becoming slack or entangled, which would be a 
troublesome and awkward condition. 

When the belt is shifted from C to D, the number of revolu- 
tions per minute of gear G is reduced to about one-fifth that 

I2 X 12 of pulley D as is shown in the ratio of the teeth - 
19 x 40 Or 

approximately 1/5. The relation of the three pawls K to the 
five teeth on the clutch g is such that one pawl is always down; 
that is, one will always drop into the position occupied by the 

lrpper pawl, as shown in the right-hand view of the illustra- 
tion. The pawl being thus engaged, the engaging tooth of the 
clutch, which is revolving counter-clockwise and at reduced 
speed, pushes against the pawl, driving pulley H, and inci- 
dentally gear Hz,  slowly in the direction shown by the arrow. 
When the belt is shifted onto pulley H, which is also a loose 
pulley, gear H1 will assume the full speed, pawls K will simply 
drag over the teeth in the clutch, and pulley D will become 
idle, as a result of the disengagement of the pawls and clutch. 

Rotary Speed Varied Each Half Revolution. - An electric 
switch testing machine required that shaft A (see Fig. 8) 

Pig. 8. ldechrntmm for Changing Speed of Driven Shaft Every Halt Retolation 

make one-half revolution in three seconds at a uniform speed, 
and the following half revolution in four seconds, also at a 
uniform speed. This result is obtained by means of a cam C 
(on the driving worm-wheel B), which imparts a uniform 
reciprocating motion to the driving worm D, causing the 
worm-wheel alternately to be advanced and retarded as the 
worm moves first with and then against the worm-wheel 
rotation. 

The mechanism is driven by gear E, which meshes with 
pinion F. This pinion is attached to the worm-shaft and is 
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wide enough to provide for the lengthwise movement of the 
worm. The worm-wheel B and cam C are integral. The cam 
roller is  carried by an arm which is part of the slide that forms 
a bearing for one end of the worm-shaft. The other end is 
supported in bearing G through which it is free to slide when 
the worm is moved axially. 

Worm-wheel B has 56 teeth and worm D has 4 threads per 
inch. The speed of worm D is 8 revolutions per second. 
When shaft A is being turned one-half revolution in three 
seconds, the worm moves with or in the direction of rotation 
of the worm-wheel B, so that B is turned somewhat faster 
than i t  would be if worm D were not moved axially. The 
increased movement causes shaft A and worm-wheel B to 
turn one-half revolution in one second less than when worm 
D moves backward against the rotation of worm-wheel B. 

Since worm D makes 8 revolutions per second, there are 
24 revolutions in 3 seconds, and at  the same time the worm 
advances one inch due to the action of the cam. Now the 
pitch of the worm thread and circular pitch of the worm- 
wheel is % inch; hence, 1 inch axial movement of the worm 
is equivalent to 4 teeth of the wheel, so that the total move- 
ment equals 24 + 4 = 28 teeth, or one-half revolution, as the 
wheel has 56 teeth. When worm D moves bdckward against 
the rotation of the worm-wheel, it makes 32 revolutions in 
four seconds, but the 1 inch axial movement, in effect, sub- 
tracts motion equivalent to 4 teeth, or 32 - 4 = 28, or one- 
half turn in four seconds, as compared with three seconds 
for the opposite direction. 

Two-gear Clock Mechanism of 12 to 1 Ratio.- In the 
design of mechanisms in general, eliminating useless parts 
and obtaining the desired result by using the most simple and 
direct means is often the most essential part of the problem, 
especially when even a single unnecessary part would greatly 
increase the manufacturing cost. The interesting feature of 
the mechanism to be described is that it contains only two 
gears which give the same speed ratios between the driving 
and driven members as are ordinarily obtained with a train 
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of four gears. One application of the mechanism is to clock- 
work or time-pieces. The hour hand of an ordinary clock 
is driven through a compound gear train, called "dial gears," 
which serves to turn the hour hand one-twelfth revolution 
while the minute hand makes a complete revolution. The 
two-gear mechanism which is shown in Fig. 9, enables the 

I I 
u. 9. Two-car Clock Meclunlsm of II to 1 Ratio 

same 12 to  1 ratio between the minute and hour hands to  be 
obtained. 

The hour hand is attached to a gear A having 12 teeth, the 
ends of which are bent so that they lie parallel to the axis, 
similar to a crown gear. Within gear A there is another 
gear B which has 11 straight or  radial teeth. This inner gear 
is mounted on an eccentric C attached to the shaft for revolv- 
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ing the minute hand. As this shaft turns, the eccentric causes 
the axis of gear B to revolve, but the gear does not turn about 
its own axis, as there is a rod D which prevents such move- 
ment. The lower end of this rod is bent at right angles and 
engages a slot, thus allowing the planetary movement of gear 
B, but preventing it from revolving about its own axis. 

Each revolution of the minute-hand shaft and eccentric, 
causes the teeth of gear B to withdraw from whatever tooth 
spaces of gear A they happen to be in mesh with and engage 
the next successive tooth spaces; consequently, gear A is 
advanced an amount equal to one tooth or one-twelfth revo- 
lution for each complete turn of the eccentric and minute- 
hand shaft. In this way, the desired speed ratio between the 
minute and hour hand of a clock is obtained. Of course, 
this speed ratio might be varied to suit different requirements. 
This mechanism is not intended only for clockwork, but can 
be applied wherever a simple reducing device is required in 
mechanisms of the type used in connection with counting 
and recording instruments. 

The relative positions of the driving and driven parts during 
any fractional part of a revolution depend upon the length of 
the rod D attached to gear B. If this rod were of infinite 
length, a uniform rotation of the eccentric shaft would cause 
the driven part also to revolve at a uniform rate; but with 
rods of ordinary length, the motion of the driven part (which, 
in the case of a clock, is the hour hand) is accelerated and 
then retarded as it moves from one figure to the next on the 
dial. If rod D were dispensed with and gear B prevented 
from rotating by a pin attached to some point within the gear 
teeth, and engaging a fixed slot as in the case of rod D, the 
driven part would remain nearly stationary during a large part 
of the driver's revolution, and the movement from one divi- 
sion point to the next would be quite rapid. This rapid motion 
would be desirable for counting mechanisms in order to have 
the indicating hand opposite the numbered divisions, except 
when rapidly moving from one position to the next successive 
number on the dial. 

Gearless Variable-speed Transmission.- There are many 
machines and mechanical units that varying circumstances 
make it desirable to be able to drive a t  a barely perceptible 
speed, an intermediate speed, or  a high speed. A patented 
variable-speed unit of this type is so arranged that while its 
operation is entirely mechanical, any speed from zero to maxi- 
mum is obtainable without the use of a single gear. The 
changes in speed are made without shocks or undue stresses. 

Fig. 10 shows an assembly drawing of the unit. The drive 
is delivered to the transmission by shaft A on which tight and 
loose pulleys are mounted. The shaft, of course, may also 
be driven direct by motor or other means. Two cranks on 
shaft A impart motion through connecting-rods C to oscil- 
late a shaft D on each side of the transmission. At the for- 
ward end of each of these shafts is a crank E in which there 
are two blocks F which are adjustable along grooves in the 
crank. I t  will be seen that the blocks in each crank are con- 
nected by means of the link G to another crank H which is 
bushed on the shaft B. The position of blocks F on cranks k 
is adjustable by turning handwheel J to raise or  lower screws 
K, which are each connected by means of a link to  the respect- 
ive blocks F. The pairs of blocks on the opposite sides of the 
transmission are adjusted in unison by sprocket L, mounted 
on the same nut as handwheel 3, which drives sprocket M 
through a chain. Instead of these sprockets and chain, screws 
K are sometimes connected by means of a shaft and helical 
gears. Then, too, instead of handwheel J being mounted di- 
rectly on the nut of one of screws K, the handwheel may be 
placed in a convenient position for the operator, and con- 
nected to the nut by a long shaft a;ld bevel gears. 

I t  will be evident that at each revolution of shaft A, cranks 
E are rocked once forward and backward, with the result 
that cranks H oscillate similarly. The angular movement of 
cranks H becomes less as blocks F are moved from the extreme 
end of cranks E toward the axis of the cranks. When the 
center of the blocks coincides with the axis of the cranks, 
no movement is imparted to links G and cranks H. Integral 
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with each crank H are two eccentrics which impart radial 
movements to two impeller parts. These serve as a quick- 
acting clutch to transmit the drive to drums N when they are 
expanded. Drums N are both keyed to shaft B to drive it 
when they are rotated, both drums being turned in the same 
direction. The two drums are engaged simultaneously so 
as to obtain a double drive. The impeller devices consist of 
an ingenious design in which rollers are employed with the 
double eccentrics to give the quick locking and unlocking 
action. 

From the foregoing description it will be obvious that with 
a machine equipped with this transmission in the main drive, 
it is possible to obtain any feed o r  speed between zero and 
maximum of the tool or work. With a speed of ,  say, 1150 
revolutions per minute of shaft A, the maximum speed of 
shaft B would be about 800 revolutions per minute. The 
housing is oil-tight, dust-proof, and filled with lubricant which 
is supplied to all parts by the splash obtained from the move- 
ment of the cranks, etc. 

Frictional Speed-changing Devices.- Friction gearing of 
various forms is applied to some classes of machinery as a 
means of obtaining speed changes. The  frictional type is 
simple in design and has the further advantage of providing 
very gradual speed changes. If a definite relation, however, 
must be maintained between the driving and driven mem- 
bers, the frictional transmission is not suitable, but, in some 
cases, the fact that it is not positive and tends to slip when 
subjected to excessive loads is a desirable feature, as it serves 
to protect the driven mechanism against excessive stresses. 

Fig. 11 shows a type of frictional speed-changing mecha- 
nism which has been quite generally used, the details of con- 
struction being modified somewhat, owing to variations in 
the amount of power to be transmitted and other factors 
affecting the design. The particular arrangement referred 
to is applied to  a running-balance indicating machine. The 
motor which drives the machine revolves the leather-faced 
driving disk A which is in contact with a steel wheel B. The 
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vertical shaft passing through the driven wheel transmits 
motion to a horizontal shaft (not shown) at the top of the 
machine, which, in turn, revolves whatever part is to be tested 
for running balance. Variations in the speed of the work are 
obtained by changing the position of wheel B relative to the 
axis of the driving disk A. The adjustments of wheel B are 
controlled by a hand lever provided with a notched quadrant 
for  holding it in a given position. This hand lever is con- 
nected with the slide of wheel B by link C. A reversal of 

Fig. 11. Speed-chmglsu Xecbrnirm of Friction Dl& and Whwl np. 

motion is obtained by simply shifting wheel B to the opposite 
side of the axis of  the driving disk. The wheel is held against 
the leather-faced disk with sufficient pressure by means of 
springs F which are provided with screws for varying the 
compression. I f  the leather disk becomes flattened out or 
thin from wear, the wheel B may be adjusted inward by means 
of stop-screws G. The leather disk is held in place by a re- 
taining ring H. The adjustments for changing the speed 
should only be made when the driving disk is running. 

Friction Disk and Epicyclic Gear Combination for High 
Velocity Ratio. -A very high velocity ratio or great reduc- 
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tions of speed, as well as  extremely small variations of speed, 
may be obtained by the mechanism to be described. This 
mechanism (see Fig. 12) is a combination of friction disks 
and a train of epicyclic or differential gearing. The two disks 
D and E are free to revolve upon the vertical shaft C, and the 
hubs of these disks form the bevel gears F and G. Between 
these two bevel gears are the additional gears T and J mounted 

on pin H, which is at- 
tached to shaft C. The 
disks D and E are in 
frictional contact with 
wheels N and 0, and 
their position is regu- 
lated by screw K, which 
is rotated through disks 
L and R. If wheel N 
is revolved and disks 
D and E are equidis- 
tant from the axes of 
wheels N and 0 (as 
shown in the illustra- 
tion), both disks will 
revolve a t  the same 
speed, but in opposite 

m. u. Combination ot mct ion  ~ 1 . k .  and directions. AS gears F 
Epicyclic Oear Traln tor Obtaining Oreat and G a]so rotate at the Rednctlon of Speed 

same speed, the inter- 
mediate gears T and J merely revolve idly upon pin H, which 
remains in one position. Any change in the position of disks 
D and E relative to the wheels N and 0 will result in reducing 
the speed of one disk and increasing the speed of the other 
one; consequently, gears T and J begin to advance around 
whichever gear F or G has the slower motion, so that pin H 
and shaft C revolve in the same direction as the more rapidly 
revolving gear. If disks D and E are only moved a small 
amount from the central position, the differential action in 
the gearing and the motion of shaft C will be at a very slow 
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rate. The direction of rotation may be changed by moving 
the disks upward or downward relative to the central position 
shown by the illustration. 

Friction Speed-changing Mechanism of Disk, Ball and 
Roller Type. -A speed-changing mechanism of the friction 
type which was designed for use in naval nautical instruments, 

Fig. 13. Speed-changlng ldechrnirm of Frlctlon-dink and Ball TJpe 

is shown in Fig. 13. In this application of the device the 
power transmitted is very small, say about 0.01 horsepower. 
I t  has also been applied to mechanical fuel stokers, the power 
transmitted in this service being from one to two horsepower. 

For  transmitting up to two horsepower, excellent results 
may be obtained. This transmission is particularly useful 
when frequent changing of speed is required under conditions 

that would preclude the use of gearing for the purpose. A 
remarkable feature of this device is that the force required 
to effect a change from full speed in one direction to full 
speed in the reverse direction is so small as to be negligible, 
and this operation is unaccompanied by any jar or  shock. 

As will be noted from the illustration, the device consists 
essentially of two balls A and B revolving in contact with 
each other between a driving disk C and a driven roller D. 
The shaft of the driving disk is mounted in a ball thrust bear- 
ing E back of which there is a spring F. The disk may be 
driven by a gear or  pulley G or it may be connected directly 
to an electric motor or gasoline engine. The power is trans- 
mitted from the driven roller by pulley H. The two balls 
employed to transmit the power from disk C to roller D are 
mounted in a carrier J in which they are loosely held by small 
rolls mounted in brackets. The carrier is so mounted as to 
be capable of movement across the face of the disk. 

The balls A and B are capable of two movements; that is, 
they may rotate on their own centers and also roll across the 
disk and roller between the two latter members. The disk, 
the balls, and the roller are all made of hardened steel. When 
the balls are near the edge of the disk the roller runs at its 
highest speed. Upon moving the ball carrier nearer the center 
of the disk, the roller gradually loses speed, until at  the center 
it will cease to  rotate. As the carrier continues to move, pass- 
ing the center, the roller rotates in the opposite direction. 

The pressure of the spring F is not excessive, and while the 
tractive force between the balls would appear a t  first to  be 
small, there is actually no slippage in practice. This is in 
accordance with the law of friction which states that the 
amount of friction is independent of the amount of surface 
in contact but depends entirely upon the pressure. An illus- 
tration of this law may be observed in the case of locomotive 
driving wheels, where the tractive force of,  say, six points of 
contact with the rails, is sufficient to draw a heavy train. 

Friction Roller Between Cones. - Many speed-changing 
mechanisms of the friction type have opposing cones which 
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are connected by some intermediate member that may be ad- 
justed to vary the speed. The use of an ordinary belt has 
already been referred to. Fig. 14 shows an arrangement for 
regulating the speed of a driven shaft, by changing the posl- 
tion of a wheel A placed between the driving cone B and the 
driven cone C. These two cones are made of cast iron and 
the bearing surface of the intermediate wheel is formed of 
leather disks held in place between two flanges or collars. This 

particular m e c h a - 
nism is used for 
varying the feeding 
movement of a coltl- 
metal saw. The han- 
dle D connecting 
with a screw is used 
for controlling the 
position of the inter- 
mediate wheel and 
the rate of speed. A 
dial at  E shows the 
rate of feed per min- 
ute, this dial being 
connected t h r o u g h  
shaft F and a gear 
at the lower end with 
a rack on the adjust- 
able member, so that 

Fig. 14. Friction Conea and Intermediate Wheel for any change in the po- 
Varying Speedt sition of the wheel is 

indicated by the dial. The lower friction cone is held in con- 
tact with the wheel by means of a spring G, the tension of 
which may be regulated by lever H. This lever is provided 
with graduations so that the same tension as well as the rate 
of feed per minute may be duplicated. 

Band or Ring Between Cones. -Another method of trans- 
mitting motion from a driving to a driven cone is shown in 
Fig. 15, which illustrates the Evans friction cones. The two 

cone-pulleys are not directly in contact with each other, but 
bear against a band or ring of leather which serves to  trans- 
mit the motion. The speed of the driven cone is varied by 
simply shifting this leather ring so that it bears against a 
larger or smaller part of the cones. If cone A is the driver, 
the speed of cone B would be gradually increased i f  belt C 
were shifted toward the right, since the practical effect of 
this shifting movement is to  increase the diameter of the 
driving pulley. This mechanism is used ordinarily as a vari- 
able-speed counter-shaft. There are two general methods of 

Fig. 15. Friction Conat Which Tramtmit Motion Through Adjuttable 
Leather Ring or Belt. 

starting o r  stopping the driven members. Some friction cones 
are so arranged that the leather ring is shifted to a parallel 
part of the cones for disengaging the drive, and others are so 
designed that one cone is raised and lowered by the shifting 
lever, thus starting and stopping a t  the same speed. 

Spherical Rollers Between Disks. - T h e  necessity for accu- 
rately adjusting or controlling the speeds of driven shafts 
has resulted in the development of a variety of variable-speed 
mechanisms. Among these is the friction-driven type of vari- 
able-speed mechanism. The design shown in Fig. 16 has a 
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maximum driving ratio of 4 to 1, and provides an accurate 
means of adjusting the speed of the driven disk E and its 
shaft within the required range of from 2 to 0.5 revolutions 
per minute when the driving shaft A revolves at a constant 
speed of 1 revolution per minute. Like most friction drives, 
this design is employed where the load is light. 

The drive consists primarily of two spherical members C 
which engage the friction disk D of the driving shaft and the 
disk E secured to the driven shaft. T h e  variation in speed 
is obtained by rotating the spherical members C about the 
points F. When the spherical members are in the positions 
shown, the driven shaft will be rotated a t  approximately its 
slowest speed, as the driving disk D makes contact with the 
spherical members at their outer edges, while the driven disk 
E makes contact near the centers of the members C, where 
the surface speed is comparatively low. 

The operator adjusts the speed by rotating the shaft G, a 
sprocket and chain arrangement (not shown) being employed 
for this purpose. The right- and left-hand threads on shaft 
G, together with the nuts H attached to the arms of the bear- 
ing shafts I ,  provide means for accurately positioning the 
spherical members C to give the desired speed. 

The members C are mounted on slides K. These slides are 
connected by springs which serve to keep the friction mem- 
bers in driving contact with the disks D and E. The friction 
drive can be disengaged at the will of the operator by means 
of a lever outside the housing, which controls the cam M. 
When the cam is turned, the slides K are  forced apart, thus 
disengaging the friction driving members and causing the 
driven shaft to stop. The dotted lines at N show the position 
of the cam and slides when the drive is stopped. 

Concave Friction Disks and Inclined Wheel.-The fric- 
tional variable-speed transmission shown in Fig. 17 is an 
example of the type having annular concave frictional sur- 
faces engaged by an intermediate wheel the inclination of 
which is varied for changing the speed. The principle upon 
which the device operates is illustrated by the diagram a t  the 
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left. The two disks having annular concave surfaces are 
rotated from some source of power and run loose on shaft A 
which is driven at a variable speed. The intermediate wheel 
D is pivoted at 0 to arm B, so that it can be inclined as indi- 
cated by the dotted lines. The drive to shaft A is transmitted 
through arm B. When wheel D is parallel to shaft A, as 
shown in the illustration, and the two disks G and C are re- 
volving in opposite directions at the same speed, wheel D 
will simple revolve about pivot 0, and arm B and shaft A 
will remain stationary. If wheel D is inclined, however, as 

Fil. 17. Variablbapeed Tranmiadon EavIly Annular Conuvr Sculrcas and 
Inclinable Mction Whrsl 

indicated by the dotted line EF, the contact surface a t  E will 
be revolving at a higher circumferential speed than the sur- 
face F on disk C; consequently, pivot 0, arm B, and shaft A 
will be given a rotary motion, the rate of which depends upon 
the angularity of wheel D. The greater the angularity, the 
greater will be the difference in the diameter of the contact 
surfaces of disks G and C and the higher the speed of shaft A. 
By inclining wheel D in the opposite direction, the rotation of 
shaft A can be reversed. 
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A variable-speed mechanism designed on this principle is 
shown at  the right of the diagram in Fig. 17. A bevel gear 
H mounted on the end of the driving shaft  revolves the two 
bevel gears J and K mounted on shaft A, which is the driven 
member. These bevel gears I and K have annular concave 
surfaces which engage the cork surface of wheel D. This 
wheel revolves on an annular ball bearing, the inner race of 
which is attached to ring M pivoted on a stud carried by arm 
B. The angular position of wheel D is controlled by a lever 
L integral with the pivoted ring M. This lever is connected 
with ring Q which is engaged by a forked lever similar to the 
form used for shifting clutches. 

An objection to variable-speed mechanisms based on this 
principle is that the variation of speed does not change the 
torque, so that, even though there is considerable speed reduc- 
tion, the torque will not be proportionally greater, because 
the limiting factor for the torque is the frictional adherence 
between the driving and driven contact surfaces, and this 
frictional resistance is independent of the speed at which the 
shaft A is running; consequently, while variable-speed devices 
in general are of such construction that the torque increases 
when the speed decreases, in the present case the speed is 
variable, while the torque remains constant. As the main 
feature of variable-speed devices is often not the variation of 
speed as much as the increased torque obtained by a decrease 
in speed, the objection referred to is one of great importance. 

Materials for Friction Gearing. -In the selection of ma- 
terial for the driving member of friction gears, good fria- 
tional qualities combined with a reasonable degree of dura- 
bility are essential. In order to determine the relative merits 
of different kinds of friction materials, tests were conducted 
by Professor Goss of the University of Illinois. The driving 
and driven wheels used for these tests were each 16 inches in 
diameter and were mounted on paraIle1 shafts and run with 
the peripheries or edges in contact. The driving wheels were 
made of the fibrous materials referred to later and were 1% 
inches wide; the driven wheels were f / 2  inch wide and made 
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of cast iron, aluminum and type metal. I t  was found that 
leather fiber is exceptionally strong and has a high coefficient 
of friction when in contact with cast iron or an aluminum 
alloy - materials commonly used for the driven member. 
Straw fiber has a somewhat lower frictional value, and is not 
so durable as leather fiber, but nevertheless is satisfactory and 
has the advantage of being obtained readily. Tarred fiber is 
exceptionally strong, but its frictional coefficient is compara- 
tively low. Sulphite fiber has the highest coefficient of any 
of the materials listed, but it is the weakest. Leather is in- 
ferior to plain straw fiber as to both frictional qualities and 
strength. A summary of other results of these tests follows. 

Power Transmitted by Friction Gears. - The power trans- 
mitting capacity of friction wheels of given size and running 
at a given speed depends upon the pressure of contact and the 
coefficient of friction. Since the life of the fibrous or leather 
driving wheels depends upon the contact pressure (the diam- 
eter decreasing due to a yielding of the material as the pres- 
sure becomes excessive) the allowable working pressure is 
determined with reference to durability. Allowable pressures 
per inch of face width should be approximately as given in 

Allorrbls Working P~euurer  and Coemclentr oi Mctlon 

the accompanying table, which applies to the 16-inch wheels 
previously mentioned. This table also includes working values 
for the coefficients of friction. The frictional coefficient for 
the wheels tested approaches its maximum value when the 
slip between the driving and driven wheel amounts to 2 per 
cent; the coefficient diminishes when the slip exceeds 3 per 

r 

Material 

Leather fiber.. . . . . . 
Strawfiber ......... 
Tarred fiber.. . . . . . . 
Sulphite fiber.. . . . . 
Leather.. .. .. . . . . . . 

cent. As a general rule, the percentage of slip, according to 
the results of the tests previously referred to, should not be 
less than 2 per cent nor more than about 4 per cent. 

The number of horsepower transmitted by friction gearing 
may be determined by the following general formula in which 
H = the number of horsepower; D = diameter of driving 
wheel in inches; N = revolutions per minute; P = allowable 
working pressure in pounds per inch of face width (see table) ; 
W = face width in inches; f = coefficient of friction (see 
table). 

H = 
?rDPWNf 

33,- x 12 
For a given coefficient and contact pressure, this formula 

may be simplified by determining the value of the expression 
rpf and inserting this value X in the formula, H = 

33,- x 12 
DNWX. The fibrous wheel should always be the driver to 
avoid wearing a flat spot on it in case the driven wheel stalls, 
and as rigid a support as porsible is essential. 

Driving Disk Engaging Side of Driven Wheel.- When the 
driving disk engages the side of the driven wheel (in order to 
provide for speed changes and possibly a reversal of rotation) 
pure rolling action is not obtained because the driver makes 
contact with the driven disk at various diameters; conse- 
quently the velocity of the driven disk a t  one side of the driver 
differs from the velocity at the other side where contact is 
at a smaller o r  larger radius, depending upon the side. In 
order to avoid an excessive amount of slippage between the 
driving and driven disks, the ordinary running positions of 
the driver should be such that the minimum distance frbm 
the center of the driver face to the center of the driven wheel, 
will not be less than twelve times the width of the driver face. 
For example, if the driver face is j4 inch, the minimum dis- 
tance to the center of  the driven disk should preferably be 6 
inches. When the driver is closer than this minimum dis- 
tance, the coefficient of friction is reduced and also the power- 
transmitting capacity. 

Allowable 
Working 
Pressure 
per Inch 

240 
150 
240 
140 
150 

Coefficient of Friction when Driver 
is in Contact with 

Cast Iron 

0.31 
0.26 
0.15 
0 .33 
0 .14 

Aluminum 

0.30 
0 .27 
0 .18 
0.32 
0.22 

m 
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Obtaining Contact Pressure.-The method of applying 
contact pressure is adapted to conditions, but, in general, the 
lever-operated eccentric box or thrust box is commonly used; 
it is a simple method for giving hand or power control. In 
some cases, more elaborate devices are used. The pressure 
may be positively applied and it may be made to vary auto- 
matically as the load increases or decreases. As friction is 
essential to the operation of this type of gearing, care should - - 
be taken to prevent any great reduction of the driving power 
by the accumulation of grease or other foreign matter on the 
friction surfaces. Rigid support for the friction wheels and 
the maintenance of a good contact between the working sur- 
faces are also of importance. Friction gearing is not a suit- 
able form of transmission where it is essential to maintain a 
prescribed relation between driving and driven parts of a 
mechanism throughout an entire cycle of operations. In some 
cases, however, a transmission which is not positive is prefer- 
able in that it constitutes a safety device and prevents the 
transmission of shocks or an excessive amount of power to 
parts of a mechanism which might thereby be injured. Fric- 
tion gearing is also very simple in design, and operates 
smoothly and quietly. 

Multiple-disk Type of Sped-changing Mechanism. - The 
variable-speed mechanism shown in Fig. 18 is an ingenious 
design used on certain cylindrical grinding machines for chang- 
ing the rotary speed of the part being ground and also the 
rate of the table traverse. Three levers grouped around a 
dial at the front of the machine are used for controlling the 
mechanism. The position of lever A governs the rotary speed 
of the work, and another lever in front of the circular-dial 
(not shown in the illustration) serves to change the rate of 
the table traversing movement. These changes of work speed 
and table traverse are entirely independent. The long lever 
R is used for starting and stopping the rotation of the work 
and the traversing movement of the table simultaneously. 
The mechanism is driven from a driving shaft which runs at 
a constant speed and connects with coupling B. The sprocket 

C is cotlnected to the reversing mechanism and drives the 
table traverse. Another sprocket (not shown) is connected 
by a pair of silent chains and a splined shaft, with a driving 
member for the headstock. 

The mechanism operates as follows: The shaft F carrying 
coupling B drives shafts G and H a t  a constant speed through 
spur gearing, The shafts G and H carry a series of hardened 
steel disks mounted on square portions of the shafts. These 

1 1 

Fig. 18. Haltiple Friction Dltk Type of Cped-chandng X e c h n i r m  

disks J and K are ground slightly convex and each group of 
disks intermeshes with another group o r  series of hardened 
steel disks L and M. Each of these driven disks has a rim at  
the periphery so that the point of contact with the driving 
disk is always at the outer edge. The  shafts G and H are 
mounted in swinging brackets N and P, both of which pivot 
on shaft F, thus allowing the position of disks J and K to  be 
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varied relative to the disks L and M. If the convex disks I 
are swung towards the recessed disks L, the surfaces of disks 
J, which actually do the driving, decrease in radius and, con- 
sequently, the speed of disks L and their shaft also decreases. 
The lever A controls the position of bracket P and the speed 
of the headstock, whereas the lever at the front of the dial 
(not shown) controls bracket N and the feeding movements 
of the table. Motion is transmitted to these brackets through 
bevel pinions meshing with segment gears on the brackets. 

With this mechanism, slight variations in speed may be ob- 
tained while the machine is in motion. When lever R is 
shifted for stopping the machine, a cam at the end of shaft S 
operates a lever which relieves the pressure applied to disks 
L and M by the springs shown at T and U. This lever also 
applies brakes which quickly stop the table and headstock. 
When the lever is raised for starting the mechanism, the disks 
L and M grip the intermeshing disks J and K, and the driven 
members are started without shock, the action being very 
similar t o  the well-known multiple-disk friction clutch. A 
plunger pump at V pumps oil from the bottom of the case to 
a distributor a t  the top which lubricates the entire mechanism. 

Governors for Speed Regulation. -When the regulation 
of speed is automatically controlled, some form of governing 
mechanism of the centrifugal type is commonly employed. 
Many of the govevors used on steam engines depend for their 
action upon the effect of centrifugal force on a rotating ele- 
ment. In  the case of a "fly-ball" governor, weights or balls 
attached to pivoted levers are revolved by the engine and if 
the speed increases above normal, the balls or  weighted levers 
move outward from the axis of rotation, owing to the increase 
in centrifugal force. This change in the position of the re- 
volving balls may be transmitted through suitable connecting 
levers and rods to a valve which partly closes, thus reducing 
the steam supply. When a governor of this type is applied 
to  a Corliss engine, the release of the steam valves and the 
point of cut-off is controlled directly by the governor. Most 
governors of the fly-ball type have one or more springs which 
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tend to resist the outward movement of the revolving balls. 
The inertia or centrifugal-inertia governor, which is used 

so extensively, is attached to  the fly-wheel and regulates the 
speed by varying the position of the eccentric or crankpin 
that operates the valve. The general principle upon which 
this type of governor operates is illustrated by the design 
shown in Fig. 19. This particular governor has an inertia 
bar A with enlarged ends to increase the weight at the ends. 
This bar is pivoted at B where there is a roller bearing to 
reduce the frictional resistance. The eccentric C is attached 

to the inertia bar and 
it has an elongated 
hole or  opening to 
p e r m i t movements 
relative to the crank- 
shaft. Directly op- 
posite the eccentric 
is a third weight D, 
which balances the 
effect of gravity on 
t h e  e c c e n t r i c .  A 
heavy coil spring E 
is attached to the in- 
ertia bar. A rod F 
is pivoted to  the bar 

Fig. 19. Centrllugrl-Inertla Type of Enrinr Oovernor On the opposite side 
of bearing B and is connected to a loose-fitting piston in the 
oil dashpot G. 

The flywheel revolves in the direction shown by the arrow 
and speed variations cause a slight movement of the inertia 
bar about its bearing in one direction o r  another, thus chang- 
ing the position of the eccentric, which changes the point of 
cut-off. If the speed increases, the inertia bar lags behind 
momentarily and the steam is cut off earlier during the stroke 
because the eccentric swings inward and shortens the travel 
of the valve. If a sudden increase of toad should cause the 
engine to run slower, lever A, as a result of its inertia, would 
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tend to  continue running at the faster speed, which would 
swing the lever forward about bearing B in the direction of 
rotation, thus increasing the valve travel and admitting more 
steam t o  the cylinder by delaying the point of cut-off. The 
spring end of the inertia bar is the heavier and the speed of 
rotation depends entirely upon the equilibrium between the 
centrifugal force acting upon the inertia bar and the tension 
of the spring, while the actual movement of the governor 
parts is effected by the inertia of the weighted end of the 
bar. The sensitiveness of the governor may be varied by 
adjusting a by-pass valve upon cylinder G. Other governors 
of this general type vary in regard to the form of the weighted 
lever and the arrangement of springs or other details. The 
inertia type is preferable to the purely centrifugal design for 
engines subjected to sudden and decided load changes. 

CHAPTER XI1 

DIFFERENTIAL MOTIONS 

WHEN a motion is the resultant of o r  difference between 
two original motions, it is often referred to  as  a differential 
motion. The differential screw is a simple example. of a 
motion of this kind. This is a compound screw from which 
a movement is derived that is equal to the difference between 
the movements obtained from each screw. The diagram A, 
Fig. 1, illustrates the principle. A shaft has two screw threads 
on it at e and f, respectively, which wind in the same direction 
but differ in pitch. Screw f passes through a fixed nut and 
screw e through a nut that is free to move. The motion of 
the movable nut for each revolution of the screw equals the 
difference between the pitches of the threads a t  e and f. 

This combination makes it possible t o  obtain a very slight 
motion without using a screw having an exceptionally fine 
pitch and a weak thread. Another form of differential screw 
is shown at B, which illustrates a stop that enables fine adjust- 
ments to be obtained readily. The screw bushing g is threaded 
externally through some stationary part and is also threaded 
internally to receive screw h which is free to move axially but 
cannot turn. Both screws in this case are right-hand, but 
they vary as to pitch. If bushing g has a pitch of %z inch 
or 0.03125 inch and screw h a pitch of inch or  0.02777 
inch, one complete turn of g will advance screws h only 0.00348 
inch (0.03125 - 0.02777 = 0.00348), because, as bushing g 
advances '/sz inch, it moves screw h back a distance equal to 
the difference between the pitches of the two threads. By 
turning the bushing only a fractional part of a turn very small 
adjustments may be obtained. 

Differential Motion of Chinese Windlass.- The Chinese 
windlass shown by the diagram C, Fig. 1, is another simple 

363 
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example of a differential motion. The hoisting rope is ar- 
ranged to unwind from one part of a drum or  pulley onto 
another part differing somewhat in diameter. The distance 
that the load or hook moves for one revolution of the com- 
pound hoisting drum is equal to half the difference between 
the circumferences of the two drum sections. 

The well-known differential chain hoist illustrated a t  D 
operates on the same general principle as the Chinese wind- 

1 I 
P4. 1. (A and B) Differential Screwa; (C) Chinese Windlau; 

(D) Differential Holnt 

lass. The double sheave a has two chain grooves differing 
slightly in diameter, and an endless chain passes over these 
grooves and around a single pulley b. This pulley b and the 
hook attached to it is raised or lowered, because, for a given 
movement, a greater length of chain passes over the larger 
part of sheave a than over the smaller part. If the upper 
sheave is revolved by pulling down on the side d of the chain 
that leads to the groove of smaller diameter, the loop of chain 
passing around pulley b will be lengthened, thus lowering the 
pulley; the opposite result will be obtained by pulling down 
on chain c which leads up to the larger diameter of the sheave. 

Differential Motions from Gearing. - Most differential mo- 
tions are derived from combinations of bevel or spur gearing. 
The epicyclic bevel gear train illustrated by diagram A, Fig. 
2, is applied to many mechanisms of the differential type, and 
its action under different conditions should be thoroughly un- 
derstood. The shaft a has mounted on it two bevel gears b 
and c and an arm d. The arm is attached to the shaft and car- 
ries a pinion e which meshes with each gear and is free to 
revolve upon the arm. There are several conditions that can 
exist with a gear train of this kind. 

Big. 2. Epicyclic Train# of Bevel md Spur 

First, assume that gear b is stationary and c loose on the 
shaft. If the shaft and arm d is revolved, motion will be 
transmitted from arm d to gear c, through pinion e, and 
gear c will make two turns for every one of arm d and in 
the same direction as the arm. If gear b should rotate in- 
stead of being stationary, this motion, combined with that 
of the arm, would modify the motion of gear c and it would 
also make a difference whether gear b turned in the same di- 
rection as the arm or in an opposite direction. 

Second, suppose the preceding conditions are reversed and 
one of the bevel gears b or c is revolved while the other gear 
remains stationary, and that arm d carrying the bevel pinion 
constitutes the driven element. With only one gear revolv- 
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ing, the arm will turn in a direction corresponding to that of 
the gear and a t  half its speed. If both gears rotate in the same 
direction a t  different speeds, the arm will follow in that direc- 
tion and with a speed intermediate between the two. If the 
gears are driven in opposite directions at different speeds, the 
arm will follow the more rapidly moving gear, and if the 
speeds are equal, pinion e will revolve upon the arm, but the 
latter will remain stationary. 

Third, assume that arm d remains stationary and gears b 
and c are loose on the shaft. If gear b is the driver ,the pinion 
e will simply transmit motion to gear c in the opposite direc- 
tion, the three gears in this case forming a simple train with 
pinion e acting as the idler. The force tending to rotate arm 
d will be twice the force transmitted from gear b to gear 
c. A practical application of this last principle is found in 
the Webber differential dynamometer. The arm of this dyna- 
mometer which supports the scale pan and weights corresponds 
to arm d and is pivoted on a shaft carrying two bevel gears. 
On the arm and meshing with these two bevel gears are bevel 
pinions and the amount of power transmitted through this 
train of gearing is measured by the weights in the scale pan. 
The combination of gearing illustrated by diagram A usually 
has two or  more pinions meshing with the bevel gears. In 
many cases, there are two pinions located diametrically oppo- 
site, a s  indicated by the full and dotted lines. The addition 
of other pinions, however, does not affect the action of the 
gearing. 

Differential Spur Gearing. -The diagram B, Fig. 2, shows 
an arrangement of spur gearing which gives a differential mo- 
tion. This combination consists of ordinary spur gear g, an 
internal gear h, and a pinion k. This pinion is free to turn 
on a stud that is attached to arm 1. In the application of this 
gearing, there are three possible conditions. In the first place, 
the internal gear h may be stationary, and the gears g and k 
may revolve. Second, the arm 1 may be stationary, in which 
case either the internal gear h or gear g may be the driver. 
Third, gear g may be stationary and the motion be transmitted 

in either direction between gear h and arm 1. Fig. 3 shows 
a practical application of this gear combination. In  this de- 
sign, there are two intermediate pinions (corresponding to  
k in diagram B, Fig. 2)  which are mounted on an arm and 
located diametrically opposite. This arm is keyed to  the end 
of a shaft. The large internal gear is stationary and forms 
part of a casing enclosing the gears. The central gear is keyed 
to  another shaft which is in line with the shaft carrying the 
pir?ion arm. This arrangement is simply used to obtain a 

Fig. 3. Epicyclic Oerdng for Obtrininp Speed Reduction by Dfdemntlal XOUO~I 

reduction of speed. T h e  design is compact, although dif- 
erential or epicyclic gearing, in general, is inefficient as a 
transmitter of power. Such gear combinations, however, have 
certain mechanical advantages, and they are often utilized by 
designers for a variety of purposes as indicated by the differ- 
ent mechanisms to be described. 

Differential Motion between Screw and Nut Rotating at 
Different Speeds. -Variations of movement are sometimes 
obtained by the differential motion between a revolving screw 
and a nut which is rotating about the screw a t  a different 
speed. One application of this principle is illustrated by the 
variable-speed mechanism of a milling machine shown in Fig. 
4. This mechanism is designed t o  increase the efficiency of 
a machine by accelerating the speed of the table when the 
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cutters are not at work. The machine table moves rapidly 
up to the cutting point, then the speed is reduced while mill- 
ing and, after the operation is completed, the table is quickly 
returned to  the loading position so that the idle or non-cutting 
period is reduced. 

This mechanism is located beneath the machine table C, 
which is traversed by a screw D, that passes through the plain 
bearings E, F, and G, mounted upon the base of the machine. 
The pinion H is confined longitudinally between bearings E 
and F, and it is splined to  screw D, so that the latter must 

Fig. 4. Vuiable Feeding Yaclunlrm Which Ir Put17 Controlled by the 
Differential Idovement Between a Revolving Screw and Rut 

turn with the pinion but is free to slide in a lengthwise direc- 
tion. The hole through gear I is threaded to fit screw D so 
that it is practically a nut and gear combined. The auxiliary 
shaft J supported in bearings K carries two pinions, L and M, 
which are loosely mounted upon the shaft. This shaft J is 
rotated continuously in one direction through spiral gears W 
from the driving shaft V .  Within the housings N and 0 are 
clutch sleeves which encircle the shaft J. The sleeves are 
splined to the shaft, but are free to slide upon it, and they 
may be locked with teeth formed on pinions L and M. These 

clutches are controlled by levers T and U at  the front of the 
machine which are connected by the shafts shown, with the 
clutch shifting devices a t  R and Q. The action of the clutches 
is controlled automatically by adjustable stops located on the 
front of the machine table. 

The clutch connecting with gear L is first engaged by hand 
lever T. The table then moves forward rapidly (in the direc- 
tion indicated by arrow A )  as gear H revolves screw D and 
causes it to turn through the gear nut I which is held station- 
ary at this time. Just before the milling cutter begins to act 
upon the work, lever U strikes a stop, thus engaging the 
clutch with gear M. The gear nut I is then revolved in 
the same direction as gear H but at a slower speed, so that 
the forward movement of  screw D is reduced, because of 
the differential action between the screw and nut. Both 
sets of gears continue t o  operate while the cut is being taken; 
when the milling operation is completed, another stop engages 
lever T, thus stopping the rotation of gears L and H. As 
the gear nut I continues to revolve about the screw, the move- 
ment of the machine table is reversed, since screw D is not 
rotating. The motion continues in the direction indicated by 
arrow B until a third stop to the right of lever U trips the 
latter, thereby stopping gear I and the table movement. The 
table is now in position for removing the finished parts and 
replacing them with others that require milling. 

Differential Feeding Mechanism for Revolving Spindle. - 
The spindle of a horizontal boring, drilling, tapping, and mill- 
ing machine is given a lengthwise feeding movement by the 
differential action between the revolving spindle and a revolv- 
ing nut which engages a helical groove in the spindle. The 
spindle is driven by a large gear A (see Fig. 5 )  which con- 
nects with the back gearing of the machine. The hub of this 
gear has two keys which engage the splined spindle. The 
sleeve B on which gear A is mounted has gear teeth cut in one 
end which mesh with three planetary pinions D that engage 
one side of the double internal gear E. T h e  other side of this 
internal gear meshes with pinions N. These pinions, in turn, 
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mesh with gear teeth formed on the rotary nut L which en- 
gages directly with a spiral or helical groove cut in the spindle. 
A flange on this nut rotates between large ball thrust bearings, 
as shown, in order to take the end thrust in either direction. 

When nut L rotates at the same speed as the spindle, the 
latter does not move in a lengthwise direction, but, by revolv- 
ing nut L either faster or slower than the spindle, a feeding 
movement in one direction or the other is obtained. The 
rotation of nut L is regulated by the gearing at G. When 
the feeding movement is stopped, gear F, which carries the 

Fig. 5. Ibechmimr of Dlfferantlrl 5ps for Feeding Spindle 
in Lengthwire Dlrectlon 

planetary pinions D, does not revolve and nut L rotates with 
the spindle, which, therefore, remains in the same longitudinal 
position. When gear F which is connected indirectly with the 
feed change-gears G is revolved by these gears, the nut L is 
revolved independently of the spindle and at a different rate 
of speed. 

Application of Floating Lever Principle.- What are 
known as "floating" or "differential" levers are utilized in 
some forms of mechanisms to  control, by the application of 
a small amount of power or force, a much greater force such 
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as would be required for moving or  shifting heavy parts. 
Floating levers are commonly applied t o  mechanisms control- 
ling the action of parts that require adjustment o r  changes 
of position a t  intervals varying according to  the function of 
the apparatus subject to control. The initial movement or  
force may be derived from a hand-operated lever or wheel, 
and the purpose of the floating lever is to so control the source 
of power that whatever part is to be shifted or  adjusted will 

Fig. 6. Dirgrrma Illurtrmtlny Applicrtion nnd Action of Flortlny Lever 

follow the hand-controlled movements practically the same 
as though there were a direct mechanical connection. A float- 
ing lever is so called because i t  is not attached to fixed pivots 
and does not have a stationary fulcrum, but is free to move 
bodily, or  to  "float" within certain limits and in accordance 
with the relative forces acting upon the different connections. 

Fig. 6 illustrates one application of the floating lever. The 
diagram at the left represents an auxiliary braking apparatus 
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for a large hoist. The brake shoe A is applied to the brake 
drum B whenever the dead weight C rests upon the lever D. 
This lever is connected by rod E with a cross-head attached 
to the upper end of a piston rod extending through the oil 
cylinder F and into the steam cylinder G. When steam is 
admitted beneath the piston in cylinder G by opening a valve 
at H, the weight is raised and the brake released, and, if for 
any reason the steam pressure should be suddenly reduced, 
weight C would fall and the brake be applied automatically. 
The movements of the piston in cylinder C and, consequently, 
of weight C are controlled by hand lever L through floating 
lever J, in such a manner that the weight rises and falls, as 
the lever is shifted, practically the same as though the force for 
moving the weight were derived directly from the lever by 
means of a rigid mechanical connection. The action of the 
mechanism is as follows: If the weight is down and the brake 
applied, and lever L is moved from its central position to the 
right, the left-hand end of lever J will be raised (as shown 
on an exaggerated scale by diagram X), thus lifting rod K 
and opening valve H; this valve has no lap, so that any move- 
ment of the lever admits steam to the cylinder. As soon as 
the piston begins to rise, the right-hand end of lever J also 
rises (see diagram Y)  and turning about pivot 0 immediately 
begins to  close the steam valve. If the lever L is moved 
through a small arc, the valve is closed quickly and the weight 
only rises a short distance; on the contrary, if the lever is 
thrown over to the extreme position, the piston and weight 
must move upward a proportionately greater distance before 
the valve is closed. If the lever, after being thrown to the 
right, is moved towards the left, valve H opens the exhaust 
port and the weight descends; as soon as it begins to  move 
downward, the left-hand end of the floating lever is raised, 
which tends to close the exhaust port and prevent further 
downward motion. 

An apparatus of this kind responds so quickly t o  adjust- 
ment that the weight follows the motion of the hand lever 
almost instantaeously and the end of the floating lever con- 

nected to rod K has very little actual movement. The oil 
cylinder F is used to stabilize the action of the weight and 
prevent overtravel which would occur if there were only the 
cushioning effect of steam. The  by-pass valve N controls 
the flow of oil from one end o f  the cylinder to the other as the 
piston moves up or down, so that the motion of the weight 
ceases as soon as the steam and oil valves are closed. 

Controlling Mechanism of Steering Gear. - The practical 
effect of the floating lever previously described for controlling 
the movements of power-driven apparatus may be obtained 
by other mechanical devices, examples of which are found on 
steamships for controlling the action of the steering engines. 
Engines used for this purpose are commonly equipped with 
a control valve which distributes steam t o  the engine valves. 
The latter are generally of the hollow piston type and are 
arranged to receive steam either a t  the ends or  in the center, 
the exhaust varying accordingly. The admission of steam 
either to the ends or in the center is governed by the position 
of the control valve. For  instance, if the control valve is 
moved in one direction, steam may be admitted to the ends 
of the engine valves and be exhausted in the center. If the 
control valve were moved in the opposite direction, this order 
would be reversed and also the direction in which the engine 
rotates; therefore, each engine valve requires but one eccen- 
tric, the control valve acting as  a reversing gear. The mecha- 
nism which operates this control valve is so designed that, 
when the engine is set in motion to move the rudder either to  
port or starboard, this same motion is utilized to shift the 
control valve in such a way that the movement of the rudder 
coincides with the motion of the steering wheel. While the 
floating lever has been used in connection with this controlling 
mechanism, the common form of control depends upon the 
action (which is often differential) either of gearing or  of 
a screw and nut. 

With the arrangement illustrated at A, Fig. 7, the control 
valve of a steering engine is governed by the action of a screw 
that is operated by the steering wheel, and a nut that is re- 
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volved by the engine. The shaft a is connected with the steer- 
ing wheel and transmits rotary motion to screw b which is 
splined to, and free to slide through, gear c. The rod d serves 
to operate the control valve of the steering engine. Any 
rotary motion of shaft a moves screw b in a lengthwise direc- 
tion in or out of the nut on worm-wheel e, unless this nut is 
revolving at the same speed as the screw. The action of the 
mechanism is as follows: If worm-wheel el which meshes 
with a worm on the steering engine crankshaft, is stationary, 
the rotation of shaft a will turn screw b in or out of the nut 
and shift the control valve, thus starting the engine in one 
direction or the other, depending upon which way the control 

Fig. 7. (A) Controlling Devlce for Steerlng Gear; (B) Mseluniam Und 
as Substitute for r Floating Lever 

valve was moved. As soon as the engine starts, worm-wheel 
e and the nut begin to revolve, which tends to move the screw 
and control lever in the opposite direction. Suppose screw b 
were revolved in the direction shown by the arrow f,  thus 
moving the screw and control lever to the right; then, as the 
engine starts, worm-wheel e and the nut revolve as shown by 
the arrow g. Now as soon as the rotation of shaft a and screw 
b is stopped or 1s reduced until the speed of rotation is less 
than that of worm-wheel el the screw is drawn back into the 
nut and the control valve is closed. If the steering wheel 
and screw b were turned slightly and then stopped entirely, 
the rudder would only be moved a corresponding amount 

because the control valve would soon be shifted, by the action 
of worm-wheel e, to the closed position. Steering engines, 
in general, are equipped with some form of stopping device 
which automatically limits the movement of the rudder. 

Rolling Worm-wheel Type of Controlling Mechanism. - 
The ingenious substitute for the floating lever illustrated a t  
B in Fig. 7 depends for its action upon a worm-wheel which 
is interposed between two worms. The handwheel lz controls 
the rotation of worm j, which meshes with the worm-wheel k. 
The worm 1 on the opposite side of  the worm-wheel is rotated 
by whatever apparatus is to be controlled. The shaft of the 
worm-wheel is journaled in boxes which are free to slide up 
and down the vertical slides in the framework shown. Any 
vertical displacement of the worm-wheel is transmitted to rod 
n which operates the valve, clutch, or  other mechanical device 
used for starting, stopping, and reversing the driving machin- 
ery. Assume that the mechanism is a t  rest with the worm- 
wheel midway between its upper and lower positions in the 
vertical slides of the housing. When the handwheel h is re- 
volved in a direction corresponding to the motion desired. 
worm j revolves, and worm 1 is stationary, since the mecha- 
nism is not yet in motion ; therefore, the rotation of the hand- 
wheel has the effect of rolling the worm-wheel k between the 
two worms either up or  down, depending upon the direction 
in which the handwheel is rotated. Any vertical displacement 
of the worm-wheel will, through the medium of controlling 
rod n, start the power-driven machinery. This motion is im- 
mediately transmitted to shaft m and worm I which acts to 
move worm-wheel k in the opposite direction vertically, pro- 
vided worm j is stationary o r  is revolving slower than I .  The 
result is that the power-driven member is moved or adjusted 
proportionately to the rotation of the handwheel h. The 
handwheel, for instance, might be turned to a position cor- 
responding to  a certain required adjustment, which would 
then be made automatically, 

Control Mechanism having Differential Bevel Gearing. - 
The steering gear controlling mechanism illustrated in Fig. 8 
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operates on the same general principle as the design previously 
described, although the construction is quite different. The 
control valve, in this case, operates with a rotary motion, 
instead of moving in a lengthwise direction. Shaft A is re- 
volved by the steering wheel and transmits rotary motion to 
shaft B through the gearing shown. The differential action 
for regulating the position of the control valve is obtained by 
means of three gears C, D, and E. Gear C is keyed to shaft 
B, and gear E on the extended hub of worm-wheel F is free 
to revolve about shaft B. Gear D interposed between gears 

Fig, 8, Steering Oear Control MeehnI~rn Havln# D1derenti.l Berbl b4.t 

the speed of gear E exceeds that of  C, the valve begins to close, 
and i f  C revolves faster than E, the valve is opened wider 
and the engine continues to operate. This general principle 
has been applied to various classes of mechanisms. 

Differential Governors for Water Turbines. - Many of the 
automatic governing devices used for controlling the speed 
of water turbines have a differential action. A simple form 
of governor is illustrated in principle by the diagram A, Fig. 
9. An auxiliary water motor drives the bevel gear a by belt d, 
and bevel gear c is driven by belt e from a shaft operated by 

C and E is mounted upon a segment gear G which engages 
another segment gear on the control valve spindle J. If shaft 
B is revolved while gear E and the worm-wheel are stationary, 
gear D rolls around between the gears and, through the seg- 
ment gear, turns the control valve, thus starting the steering 
engine and with it the worm H on the crankshaft which drives 
worm-wheel F and gear E. As soon as the rotation of shaft 
B is stopped, gear E which has been revolving in the opposite 
direction to that of C rolls gear D back to the top position, 
thus closing the control valve and stopping the engine. I f  
gears C and E are revolved at the same speed, gear D simply 
rotates between them and the control valve remains open. If 

-- -- - -- - -- 

Pig. 9. Differentia1 Governing Darleen for Water Turbinem 

the turbine to be governed. Both gears a and c are loose on 
their shaft, but the arm n which carries the bevel pinions b 
is fast to the shaft. On one end of the shaft there is a pin- 
ion f which meshes with a rack g that operates the turbine 
gate, and thus controls the flow of water t o  the turbine. A s  
the auxiliary motor has no  work to do except to drive part of 
the governing mechanism, it runs a t  practically a constant 
speed; the variations due to the rise or  fall of the water level 
are so small a percentage of the total head of water that the 
speed cf this motor is little affected. I t  will be assumed then 
that the speed of gear a is practically uniform. The speed of 
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gear c, however, changes with an increase or decrease of the 
load upon the turbine, and, as gear c runs faster or  slower 
than gear a, the arm n follows it around one way or  the other 
and thus opens or closes the turbine gate. 

The governor shown at  B also has a differential action, 
but it is controlled by centrifugal force acting on a fly-ball 
governing device. The governor is operated by a belt a 
connected with the turbine. This belt passes around idler 
pulleys and over the wide-faced pulleys b and c. These pul- 
leys, through bevel gearing, drive the differential gearing corn- 
posed of gears d, e, and f. Gears d and & are loose from their 
shafts and pinion f is pivoted on an arm that is keyed to the 
shaft. Gear e is connected by the gearing shown with a cen- 
trifugal governing device at g. The belt pulley b is conical and 
the diameter at the center is the same as that at pulley c. 
When the turbine is operating at normal speed, the belt is 
a t  the center of the conical pulley b and, consequently, gears d 
and e revolve at the same rate of speed in opposite directions. 
The result is that the arm carrying pinion f remains station- 
ary. If the turbine begins to run too fast, the balls at g move 
outward under the action of centrifugal force, and belt a is 
shifted by a mechanism not shown to a smaller part of the 
conical pulley b. The resulting increase in the speed of gear 
d causes the arm carrying pinion f and the shaft h to which 
i t  is attached to revolve in the same direction as gear d. As 
a result of this movement, the turbine gate is lowered by means 
of gearing not shown, and the speed of the turbine wheel is 
reduced. If the turbine should begin to run more slowly than 
the normal speed, the shifting of belt a by governor g would 
cause gear d also to  revolve slower, thus turning shaft h in 
the opposite direction and raising the gate. 

Another modification of the differential governor is shown 
by the diagram, Fig. 10. This type of governor is equipped 
with two sets of epicyclic gearing. The gears A and R are 
free to turn on the shaft, but may be retarded by brake bands 
a t  E and F. The inner gears C and D are driven by belts 
connected in some way with the turbine. One of these belts 

is open and the other crossed, so that the gears revolve in 
opposite directions. The brake bands are so arranged that, 
when one tightens, the other loosens its grip on the brake 
drum. Both of these bands are operated by a shaft G and 
the tightening of the bands is effected by a double ratchet 
mechanism (not shown) having two pawls. One pawl rotates 
shaft G in one direction and the other in the opposite direc- 
tion. When the speed increases o r  decreases, one pawl or 
the other is operated by a fly-ball governor driven from the 
turbine. As the result of this motion of the pawl, one band 
is tightened and the other released, so that one of the geam 

1 J 
Fig. 10. Dtilarentlal Governin# Mechanism Controlled by 

Ratchet-operated Brakaa 

A or  B is held with a greater or less degree of friction or is 
prevented from turning altogether, while the other one runs 
free. If gear A is held by the brake, the arm carrying pinion 
H will begin to turn in the same direction in which gear C 
turns, whereas, if  gear B remains stationary, the arm carry- 
ing pinion J will follow gear D; consequently, the pinion K 
on the end of the shalt will by means of a rack raise or lower 
the turbine gate. This governor depends for its sensitive- 
ness upon the fly-ball governing device, and for its power 
upon the transmitting capacity of the open and cross-belts. 

Differential Gearing of Automobiles. - One of the impor- 
tant applications of differential gearing is found on automo- 
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biles. The object of transmitting motion from the engine to 
the rear axle through differential gearing is to give an equal 
tractive force to each of the two wheels and, at the same 
time, permit either of them to run ahead or lag behind the 

Fig. 11. Dlfferenthl Oearlw of m Acltomobilr 

other as  may be required in rounding curves or riding over 
obstructions. The axle is not formed of one solid piece, but 
motion is transmitted to the right- and left-hand wheels by 
means of separate sections, the inner ends of which are at- 
tached to different members of the differential mechanism. 

The principle of this mechanical movement will be understood 
by referring to Fig. 11. The propeller shaft extends from 
the transmission case where speed changes a r t  obtained, and 
revolves the bevel pinion A which drives the large bevel gear 
B. Gear B is attached to a casing which contains the differ- 
ential gearing. As this casing revolves it carries around with 
it a "spider" upon which is mounted either three or  four 
equally-spaced pinions C. These pinions are  free to turn about 
the bearings formed on the arms of the spider, and they are 
located between and mesh with the side gears D and E. These 
side gears are mounted upon the splined ends of the right- 
and left-hand axles F and G and the side gears rotate with 
these axle sections. 

Under ordinary conditions, the rotation of gear B causes 
gears D and E to both revolve a t  the same rate of speed, since 
the connecting pinions C are moved around with the casing, 
but do not revolve. T o  illustrate the action, assume that the 
wheels are jacked up and are simply revolving in one posi- 
tion; then, i f  one wheel is held from turning so that, say, 
gear E is stationary, the rotation of bevel gear B will roll pin- 
ions C around on gear E with the result that gear D will re- 
volve twice as fast as when gear E is revolving with it and 
at the same speed. On the other hand, i f  the opposite wheel 
and gear D were held stationary, the gear E would run at 
twice its normal speed; moreover, if the speed of either of 
the gears is reduced, the other side is speeded up a correspond- 
ing amount. The differential gearing is ordinarily incorpor- 
ated in the rear axle, except when power is transmitted to  
the wheel by means of side chains, in which case the differ- 
ential is in the countershaft. Gears A and B usually are either 
the "spiral bevel" or the "hypoid" type. 

Speed Regulation through Differential Gearing.- When 
the speed of a driven part is governed by drives from two 
different sources, differential gearing may be used to combine 
these drives and allow any variations in speed that may be 
required. An application of this kind is found on the fly 
frames used in cotton spinning for drawing out o r  attenuating 
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the untwisted fiber or roving, by passing it between different 
pairs of rolls which move, successively, at increased speeds. 
After the fiber is attenuated, it is wound on bobbins and at 
the same time given a slight twist. The diagram, Fig. 12, 
represents a mechanism for controlling the speed of the bob- 
bins, one of which is indicated at B. This bobbin receives 
its motion through a train of gearing connecting with the 
main shaft of the machine and also through another combina- 

I 1 

1 I 

Pis. 12. Dlapam of Mechanlrm Having Dlfferential O e u l n ~  Throwh Whteb 
S p e d  Changer are Transmitted 

tion of gearing which is driven by a pair of cone-pulleys for 
decreasing the speed of the bobbin as the roving is wound 
upon it and the diameter increases. 

The main shaft is driven by pulley A and motion is trans- 
mitted through shaft S and the gearing shown to the cone C 
and the rolls, one of which is indicated at the upper part of 
the diagram. The cone C and the rolls move at a constant 
speed, and the roving is delivered by the rolls at a uniform 
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rate of speed. On the shaft S there is a bevel gear E, which 
is one of the gears of an epicyclic train that is commonly 
known as the "differential motion." The large gear D cor- 
responds to the arm of the gear train, since it carries the two 
intermediate bevel pinions J and K. This gear D is driven 
from the lower cone C1 which is connected by belt with the 
upper cone. Bevel gear F which meshes with the pinions car- 
ried by gear D is loose on shaft S and is connected through 
gearing with the bobbin B. With this arrangement, the speed 
of the bobbin depends first upon the speed of bevel gear E, 
which is constant, and also upon the speed of gear D, which 
may be varied by shifting the position of the belt on the cones. 
Any variations in the relative speeds of gears D and E will 
produce twice the variations in the speed of the bobbin. 

The roving is wound on the bobbin in successive helical 
layers by means of the flyer H driven at a constant speed by 
gear M on shaft S. The roving passes from the rolls to  the 
flyer, and entering the top of its hollow spindle, is threaded 
down through one arm of the flyer and then wound on the 
bobbin. The flyer and bobbin revolve in the same direction, 
but the bobbin has a higher velocity and, for that reason, 
draws the roving from the flyer and winds it in successive 
layers as the bobbin travels up and down, so as to cover its 
entire surface. As each successive layer is added, the bobbin 
increases in diameter, and its speed relative to that of the flyer 
must be decreased in order to prevent breaking the roving. 
This change of speed is transmitted to the bobbin through the 
differential gearing referred to by shifting the belt on the 
cone-pulleys. 

Differential Gear and Cam Combination.- The differen- 
tial gear and cam combination described in the following is 
used on fly-frames in conjunction with the same general class 
of mechanism illustrated by the diagram, Fig. 12. This 
mechanism differs from the differential ordinarily used in that 
it has no epicyclic train of gearing. As previously explained, 
a differential motion is employed in connection with a shift- 
ing belt and cone-pulleys for changing the speed of the bob- 



384 DIFFERENTIAL MOTIONS DIFFERENTIAL MOTIONS 385 

bins. The differential action is obtained, in this case, by 
means of a crown gear A (Fig. 13) which is attached to the 
main driving shaft B; the crown gear C secured to sleeve E, 
which carries the bobbin driving gear F, and the double crown 
gear D, which is mounted on a spherical seat and engages 
gears A and C at points diametrically opposite. This double 
crown gear operates in an oblique position, so that a small 
part of the gear meshes with gear A on one side and a small 
part on the other side meshes with gear C. The spherical bear- 
ing allows the intermediate crown gear D to swivel in any 
direction, and it is held in position by a carn surface on the 
edge of sleeve G. The gear C has the same number of teeth 

Fig. 13. Dlfferentlal Gear and Cam Combination 

as the intermediate gear L), but gear .-l has a somewhat smaller 
number of teeth. 

The differential action is obtained by the relative motions 
between gear A and cam G. This cam is driven from the 
lower belt-cone of the machine which is connected with gear 
H. If cam G were revolving at the same speed as gear A,  the 
same teeth on gears A and D would remain in contact and the 
entire gear combination would act practically the same as a 
clutch. As soon as the speed of the cam differs from that of 
gear A, the position of intermediate gear D is changed so that 
different teeth are successively engaged. As the result of 
this differential action, the speed transmitted to gear C is 
either increased or decreased. The extent of the differential 

motion depends upon the difference between the speeds of 
gear A and cam G. As this difference diminishes, the speed 
of gears D and C increases; inversely, as the speed of cam G 
is reduced, the speed of gear C is also reduced, since the mo- 
tion from gear A is lost as the result of differential action. 
The advantages claimed for this mechanism are quiet opera- 
tion and reduction of friction. 

Differential Hoisting Mechanism - An ingenious method 
of utilizing differential action to vary the speed of a hoisting 
mechanism is illustrated by the diagram, Fig. 14, which repre- 
sents the crane to which this mechanism is applied. There are 
two chains attached to the crane hook. One of these chains 

F1g. 14. Crane Eqaipped wlth Diffsrmtt.1 Holmtin(: Yechmirm Shorn 
Diapamnutlully In Fig. 15 

A passes over a pulley on the trolley and over pulley B t o  the 
winding drum C. The other chain D passes upward over its 
trolley pulley to  the left, and over pulley E to pulley F, and 
then down to a drum located back of drum C. These chains 
may be wound upon their respective drums either in opposite 
directions or in the same direction, and a t  varying rates of 
speed. If both drums are rotated in opposite directions at 
the same speed the effect will be to raise or lower the hoisting 
hook, whereas, if the drums rotate in the same direction and 
at equal speed, the chain will be taken in by one and given off 
by the other, thus causing the hook and its load to be carried 
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horizontally without raising o r  lowering it. Any difference 
in the speed of the two drums when moving either in the same 
or opposite directions will evidently cause the hook to move 
both vertically and horizontally at the same time. 

The mechanism for operating the two hoisting drums is 
illustrated diagrammatically in Fig. 15. There are two elec- 
tric motors J and K. Motor J drives the worm-wheels L in 
opposite directions and also the attached bevel gears. The 
other motor K drives the spur gears M and the upper bevel 
gears. The intermediate pinions N between the bevel gears 
revolve on arms Q which are keyed to the shafts of their re- 

Fig. 15. Differential EIol#ting Machanlrm 

spective drums. The bevel gears with which the pinions mesh 
are loose on their shafts. With this arrangement, i f  motor 
K is stationary, motor J will drive the drums in opposite di- 
rections and raise or lower the hook as previously explained. 
On the other hand, with motor J stationary, motor K will 
operate the drums in the same direction and move the crane 
hook horizontally. As these motors may be reversed or oper- 
ated together at  varying speeds, any desired combination of 
movements and speeds for the hook and its load may be 
obtained. 

Variable and Reversing Rotation for Feed-Rolls. - The 
requirement of the mechanism here described, which is used 
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on a cotton combing machine, is to rotate feed-rolls A (see 
Fig. 16) with their respective top rolls (not shown) 1.4 revo- 
lutions in the direction of arrow B while driving shaft C 
makes 0.6 revolution, and, during the remaining 0.4 revolu- 
tion of shaft C, to rotate feed-rolls A 0.7 revolution in the 
direction of arrow D. 

The object is to feed approximately 4 inches of cotton 

Pig. 17. Crorr-mction of Differential Oearin# 

forward, as indicated by arrow B, and then reverse and feed 
approximately 2 inches of material backward, as indicated 
by arrow Dl and repeat for each revolution of driving shaft 
C, thus performing a doubling process in conjunction with 
other elements sf the machine. 

The required result was obtained by combining a constant 
motion and a variable oscillating motion, the two motions 
co-acting on a common gear E (see also Fig. 17) through an 
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epicyclic or  differential gearing combination. Referring to 
Fig. 16, it will be seen that the constant motion is effected by 
driving pinion F and housing gear G; also that the variable 
oscillating motion is produced through eccentric gears H and 
I, crank-arm J, connecting link K,  rocker a r m  L, rocker shaft 
M, and rocker shaft gear N. Through the planetary gears 0 
these two motions are permitted to combine and drive feed- 
rolls A forward and backward as mentioned, through gears 
El P, Q, R, S, and T. 

The timing of the forward and backward rotation of rolls 
A is controlled by eccentric gears H and I, which transmit a 
quick-return motion to rccker arm L for the forward rotation 
of rolls A, as indicated by arrow B, and next a slower motion 
in the opposite direction to rocker arm L for the backward 
rotation of the rolls A, as indicated by-arrow D. Eccentric 
gear H is keyed to driving shaft C, while I  is keyed to the 
hub of crank arm J, which revolves on a suitable stud fastened 
to the frame of the machine. 

Housing gear G, which runs loose on rocker shaft M, and 
all other gears and bearings inside of it, a re  splash-lubricated 
through oil-holes X, Y, and W ,  Fig. 17. By pouring one- 
half pint of oil into the housing, three weeks' supply of lubri- 
cant is provided, which is well distributed to all bearings by 
planetary gears 0 revolving through it. Oil-tight joints are 
provided for gears N and PI as shown at  V. Gears E and P 
are integral and revolve on the extended hub of housing gear 
G. Rocker arm L and rocker shaft gear N are keyed to  rocker 
shaft M. This mechanism replaced a cam and clutch arrange- 
ment which was too noisy and did not wear well. 

Differential Speed Indicatoi. - A sensitive speed-indicat- 
ing device which shows variations of speed between two 
rotating parts is shown, partly in section, in Fig. 18. This 
indicator operates on the differential principle. I t  is equipped 
with two cylindrical rollers; one roller is shown at A and the 
other is located in a similar position on the  opposite side of 
the vertical center line. The axes of the roller shafts are in 
the same vertical plane, and on the ends of these shafts are 



390 DIFFERENTIAL MOTIONS 

mounted belt pulleys C. These pulleys are connected with the 
shafts the relative speeds of which are to be compared. Each 
roller A is in contact with a spherical steel ball B three inches 
in diameter. The ball is held in position by a small stop D 
at  the rear and by a small roller E at the front. This roller 

is mounted on an arm 
fixed to a spindle which 
is free to rotate and to 
the outer end of which is 
attached the pointer F. 
When both the support- 
ing rollers A are driven 
at  the same speed and in 
the same direction, the 
spherical ball will rotate 
about a transverse hori- 
zontal axis and will carry 
the wheel E vertically up 
or down, as the case may 
be. The direction of 
movement will be indi- 
cated by the pointer F. 

If either of the sup- 
porting r o 1 1 e r s runs 
faster than the other, 
the ball will rotate about 
some inclined axis and 
wheel E will naturally 
turn so that its axis is 

Fig. 18. Differential Speed Indicator 
parallel to that about 
which the sphere rotates. 

This instrument is said to be very sensitive as an indicator of 
speed variations. For instance, it is claimed that a difference 
in the speed of the rollers due to a variation of 0.001 inch in 
the diameter of driving pulleys having a nominal diameter of 
2% inches can be detected. 

CHAPTER XI11 

STRAIGHT-LINE MOTIONS 

A COMBINATION of links arranged to impart a rectilinear 
motion to a rod or other part independently of guides or  ways 
is known either as a straight-line motion o r  a parallel motion, 
the former term being more appropriate. Mechanisms of 
this type were used on steam engines and pumps of early de- 
signs to guide the piston-rods, because machine tools had not 
been developed for planing accurate guides. One application 

Fig. I. Tha Watt Strri~hbline YotIon 

of straight-line motions at  the present time is on steam engine 
indicators for imparting a rectilinear movement to  the pencil 
or tracing point. The principle of the well-known parallel 
motion, invented by James Watt in 1784, is illustrated by the 
diagram, Fig. 1. Links A and B are free to oscillate about 
fixed pins at  their outer ends, and are connected by link C. 
A point D may be located on the center-line of link C, which 
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follows approximately a straight line when links A and B 
are  given an oscillating movement, because, when A moves 
from its central position, the center of pin E moves to  the left 
along its circular path while the center of pin F moves to the 
right. As the motion of point D is affected by both links A 
and B, it moves very nearly in a straight line, provitled D is 
correctly located ant1 the angular motion of the links does 
not exceed about 20 degrees. Very few straight-line mecha- 
nisms produce a motion which is absolutely straight, and the 
general practice is to so design them that the guided part will 
be on the line when at  the center and extreme ends of the 
stroke. 

Scott Russell Straight-line Motion. - The mechanism il- 
lustrated in Fig. 2 will give an exact straight-line motion, but 

Fig. L The Scott Ruswll Straight-llne Motlon 

it is necessary to have a n  accurate plane surface upon which 
block C can slide. In addition to this sliding block, there are 
two links AC and DB. The link DB is one-half the length 
of AC and the shorter link is ccnnected at a point B midway 
between A and C. The shorter link oscillates about a station- 
ary pivot at  D as end A is moved up or  down along the 
straight line AD.  Since AB, DB, and BC are equal, a circle 
with B as the center will intersect points A, D, C for any 
angle DCA; consequently, the line AD, traced by point A is 
perpendicular to DC, since ADC is always a right angle. 

Instead of having guides o r  a plane surface for the sliding 
block C, the mechanism is sometimes modified by attaching 

the block end of link AC to another link which is free to oscil- 

I late about a fixed pivot so located that the link will be perpen- 
I dicular to the line CD, when in its mid-position. The longer 

this link and the greater the radius of the arc described by the 
connecting point a t  C, the more nearly will C move in a straight 

I line; hence, the longer this link, the less point A deviates from 
a straight line. This modification of the Scott Russell straight- 
line motion is sometimes called the grasshopper motiorc. 

Straight-line Motions for Engine Indicators.- Some form 

I of straight-line motion is necessary on a steam engine indi- 

I I 
Fig. 3. Straight-Hne Motion of Thompmn IndicltOr 

cator in order that the motion of the indicator piston will 
produce a parallel movement of the tracer point or pencil, 
which draws a diagram on the paper or indicator card. The 
cylinder of the indicator is open at  the bottom and is connected 
by suitable pipes with each end of the steam engine cylinder, 
so that the under side of the indicator piston is subjected to 
the varying pressure acting upon the engine piston. The up- 
ward movement of the indicator piston resulting from the 
steam pressure is resisted by a spiral spring of known resili- 
ence, and a rod extending above the piston connects with some 
form of link work designed to give a straight-line motion to 
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the tracer point. When the engine is running and the indi- 
cator is in communication with the steam cylinder, variations 
of pressure will be recorded by the vertical movement of the 
pencil or  tracer which is brought into contact with paper 
wound about a cylindrical drum that is rotated by the recipro- 
cating motion of the engine cross-head. 

The straight-line or parallel motion of one indicator is 
shown in Fig. 3. The arm A which carries the pencil at its 
outer end is pivoted to link B which, in turn, is pivoted to the 
top of the indicator. As arm A moves upward, the outer end 
is guided along a straight line by link C, which oscillates about 

L I 
Pig. 4. The Crorby Shalghbllne or Parallel Motlon 

a fixed pivot and is connected to arm A at F. This mechanism 
is so proportioned that a line from A to E intersects the point 
a t  which link D is attached to the piston. 

The straight-line motion of another steam engine indicator 
is shown in Fig. 4. This mechanism, like the one previously 
described, is so arranged that the fulcrum A of the entire 
mechanism, the connection B, and the pencil point C are al- 
ways in a straight line. The fundamental principle of this 
mechanism is that of the pantograph. If link D were removed 
and replaced by another link at E, both parallel and equal in 
length to FG, this would result in a well-known form of panto- 
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graph mechanism. The length o f  link D t o  replace E may be 
determined as follows: The procedure is to first ascertain, 
by trial, a convenient location for the point a t  which link D 
is to connect with link BG. The  path followed by point H as 
end C is moved along a straight line is plotted on a large scale 
for all positions on the linkage within the required range of 
movement. This path will be approximately the arc of some 

Pig. 5. Arrangement of Peaocellier Linkage for Btnlghbline Motloo 

circle, and the fixed pivot for link D is located a t  the center 
of this circle. If a link a t  E were actually used in place of 
link D, a straight-line motion at C could be  obtained, provid- 
ing the pivot B had a straight-line motion. Any form of guide 
intended t o  insure a straight movement a t  B would be objec- 
tionable, since i t  is desirable t o  reduce the friction of mecha- 
nisms of this type to a minimum. It is also essential to have 
the parts as light as possible in order to  minimize the inertia 
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and the effect of momentum, which is especially troublesome 
when taking cards from engines operating at high speed. 

With the parallel motion of another indicator, a pin on the 
pencil arm corresponding to the one shown at F in Fig. 4 
engages a curved slot in a stationary plate which is secured 
to  the indicator in a vertical position. This curved slot takes 
the place of a link, and its curvature is such as to compensate 
for the tendency of the pencil to move in an arc. 

Peaucellier Straight-line Motion. - The link mechanism 
shown in Fig. 5 will give an exact straight-line motion. This 

Fig. 6, Yodlficrtbn of Perucelllsr Straight-line Mechrnirm 

mechanism was invented by Peaucellier, a French army officer. 
I t  is composed of seven links moving about two fixed centers 
of motion, A and B. The four equal links E form a rhombus; 
the links F are equal, and the center B is midway between A 
and C. If the point D be moved in the direction of the arrows, 
it will be constrained to move in the straight path D'D", which 
is perpendicular to the line of centers ABCD. This may be 
tested experimentally. The path of the point C is the circum- 
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ference AC'C; and the path of GG' is the arc described with 
the radius F. If the center-line of the links E and F be as- 
sumed in any position such as AC'D', it will be found that 
the rhombus the sides of which represent the length of the 
links E takes the position shown in the drawing. 

In Fig. 5, the centers A and B are external to  the links E. 
A variation of the linkage is shown in Fig. 6, in which the 
centers A and B are within the rhombus. The links F are 
equal, and center B is midway between A and C, as in Fig. 5. 
The corresponding links and points in the figures are labeled 
with the same letters; i t  may be shown experimentally that 
the point D is compelled to move in a straight line perpendicu- 
lar to the line of centers CBAD. 
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CHAPTER XIV 

MISCELLANEOUS MECHANICAL MOVEMENTS 

THE mechanisms described in this chapter are of such a 
miscellaneous character that they cannot be placed in any of 
the general groups or classifications covered by preceding 
chapters. They are included in this treatise, however, to add 
to the variety of the mechanisms described. 

Mechanism to  Insure Full-stroke Movement of Operating 
Lever. - Mechanisms are sometimes so arranged that hand- 
operated movements are, to some extent, controlled mechani- 
cally, to prevent motion in the wrong direction or incotnplete 
action. The full-stroke ratchet mechanism shown in Fig. 1 
is used on an adding typewriter to prevent the operator from 
starting handle A and not completing the required movement. 
For instance, i f  handle A is in the upper position, as shown 
at  the left, any downward movement must be continued until 
the handle has made a complete stroke before it can be re- 
versed for returning it to the original or upper position. 
Similarly, if the lever is at  the lower end of its stroke, as 
shown by the view to the right, any upward movement must 
be completed before the direction of motion can be reversed. 
This positive control of the action of handle A is obtained in 
a very simple manner. As the handle is moved downward 
or  upward, pawl B is carried with it. This pawl is pivoted 
to part D and normally held in a vertical position by a spring. 
When handle A is at the upper end of its stroke, as shown at 
the left, and a downward movement is started, pawl B engages 
sector C and its upper end swings to the right; as the down- 
ward movement o f  handle A continues, pawl B engages suc- 
cessive notches in sector C, and locks into one of these notches 
if an attempt is made to return handle A before the downward 
stroke is completed. When handle A has been pushed all the 

way down (as shown to the right), pawl B drops into the en- 
larged notch E of  sector C where there is  enough room to 
permit the pawl to swing around to the vertical position; con- 
sequently, as soon as  handle A is moved upward, the top of 
pawl B swings to the left and again engages successive notches 
in sector CJ thus preventing any return of handle A to the 
lower position until the pawl has cleared the upper end of 
the sector and again swings to a vertical position. 

Lock to Prevent Reversal of Rotation.- Some shafts must 
be free to rotate in one direction but be locked instantly against 

I I 
Fig. l. Rill-stroke YecLunirm to Prevent Starting the Operating Lsvar 

and not Completlnz it. Movement 

a reversal of rotation. A ratchet mechanism may be objec- 
tionable because of its noise and backlash. Under these con- 
ditions, the arrangement shown in Fig. 2 was found to  be 
satisfactory. Shaft A is free to rotate clockwise, but a re- 
versal is not allowed, although when the shaft is not running 
clockwise, there is always a tendency toward reversal because 
of torque exerted on the shaft. Keyed t o  the shaft is a ring 
B into which are cut three wedge-shaped recesses containing 
rollers C. Ring B rotates within bracket DJ which may be 
bolted to the wall or  some immovable structure. Ring B 
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and bracket D are kept in alignment by retaining plates E, 
which are bolted to the ring. The tool-steel rollers C are kept 
in contact with ring B and bracket D by means of light springs 
F which are riveted to their keepers. 

When shaft A and ring B rotate clockwise, the rollers tend 
to move relatively in the opposite direction, thus compressing 
springs F. This movement releases any wedging action be- 
tween the roller and members B and D, although the rollers 
always remain in contact with these members. Any back- 

Pig. 2. Reverul ot Sbaft Rohtlom I8 Prevented by Wedgint Action of Rollm 

ward or counter-clockwise rotation is stopped instantly, be- 
cause the rollers become wedged between parts B and D, thus 
locking them together. I t  is evident that the greater the torque 
counter-clockwise, the greater will be the locking effect within 
the limits of the strength of materials used. This simple 
contrivance proved to be very effective for preventing a re- 
versal of shaft rotation. 
Device to Rotate Shafts Synchronously in Opposite 

Directions.- Two shafts which are in alignment are rotated 
synchronously and in opposite directions by the simple ar- 
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rangement shown by the diagram Fig. 3. The two shafts S 
and S1 have cranks of equal throw. On the outer ends of 
these cranks are universal joints. Balls K are shown, but 

Fig. 3. Diagram Showine Device for Rohtinp Shafts in Opposite Dlrectlonr, the 
Shafh Being in Alignment 

PYg. 4. Ranamidon Shown in Fig. 3 Applled to Shnih Louted at R u t  Aly lw 

any equivalent joint is satisfactory. The arms R of rocking 
beam B are free to slide through holes in baIIs K. This rock- 
ing beam is free to move axially and rock upon fixed shaft P, 
which is located a t  right angles to shafts S and S1 and in 
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their planes. This fixed shaft is also midway between the 
planes of rotation of the ball centers. 

This is a flexible arrangement, as it may be applied to shafts 
located at any angle. Fig. 4 illustrates shafts at right angles. 
The connecting member is the same in principle. The arms 
of the rocking beam are at right angles, and the axis of the 
fixed shaft in this case is at the vertex of the angle made by 
the driving and driven shafts. If the driving and driven 
shafts are not in alignment, the rocker arms must be offset 
the same amount as the shafts. One driver using one rocking 
beam and having arms suitably arranged can operate a num- 
ber of shafts parallel to the driving shaft or making an angle 
t o  it, provided the driving and driven shafts have a common 
plane; o r  in case the driven members are angularly disposed, 
provided the planes of the driven members have a common 
vertex through which the axis of the driver passes. 

This mechanism is adapted. for complete enclosure and oil- 
immersed operation. This form of transmission was applied 
where gears were not desired, although if gears had been 
used, five would have been necessary. 

Disengagement of Worm-gearing for Rapid Adjustment. - 
A hand-operated winding drum used for adjusting the height 
of airplane models in a "wind tunnel" is so arranged that the 
drum may be rotated either through worm-gearing for pre- 
cise adjustments, or directly, by disengaging the worm-gear, 
when rapid adjustments are desired. The airplane model is 
supported by wires (not shown) which pass up over pulleys 
and then to the winding dmm B (Fig. S ) ,  one wire extending 
forward and the other backward relative to drum B. The 
rotation of this drum winds or unwinds both wires simul- 
taneously. The knurled handwheel C is used for fine adjust- 
ments, motion being transmitted through a single V-thread 
worm and a straight-faced worm-wheel D located at one end 
o f  the drum. If a rapid adjustment is required, the worm- 
wheel is disengaged from the worm merely by pull~ng the 
worm-wheel and drum axially on bolt F; the drum is then 

turned directly by hand, the flange G being knurled to provide 
a better grip. 

When the outward pull is released, spring H immediately 
forces the worm-wheel back into mesh, thus relocking the set- 
ting. The handwheel C is graduated on top so that the amount 
of adjustment can be determined. Although this device is 
fitted to laboratory apparatus, the idea of sliding a worm- 
wheel axially out of mesh with the worm might be utilized 
for other purposes; however, it is evident that only straight- 

Pig. 5. Worm-gearing Amrnead for Quick Direngymment When Rapid 
Adjustment 1. Required 

faced worm-wheels could be used. For  some applications, it 
might be preferable to replace the knurled portion of the 
winding drum with a spur gear arranged to slide into engage- 
ment with driving gears when the worm-wheel was disen- 
gaged. Another variation for possible application t o  small 
lifting blocks would include a friction brake for rapid lower- 
ing by gravity. 

Centrifugal Chuck-closing Mechanism. - The automatic 
chuck-closing mechanism illustrated in Fig. 6 is operated by - 

the action of centrifugal force upon balls o r  spherical weights 
which move outward when chuck rotation begins, thus auto- 
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matically closing the collet chuck upon the work. This de- 
vice is used on a plain screw machine. 

The aluminum body A, which contains the chuck-closing 
mechanism, is mounted at the rear of spindle C. Sixteen 
equally spaced steel balls B are located in slots formed around 
the edge of ball-holder D. This ball-holder is free to slide 
forward or backward for opening and closing the chuck, and 
it is centered on three supports E that form part of body A.  

Fig. 6. Mcchrni8m Which Automrticrll~ Closem Chuck When Spindle Rotates 

The front or chuck end of the spindle is a standard type, 
and has a collet chuck, as shown. When the spindle and chuck- 
closing mechanism begin to revolve, balls B move outward, due 
to centrifugal force, and as they engage the inclined surface 
F, ball-holder D is pushed backward with a force which in- 
creases as the rotary speed increases. This backward move- 
ment of D causes levers G, acting through collar H, to push 
rod J and chuck sleeve K forward, thus closing the collet 
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chuck about the work. When the machine is stopped, the 
balls return to their inner positions and the spring collet chuck 
opens. This machine has a friction clutch on the spindle with 
a foot-treadle which controls starting and stopping. 

Mechanical Scooping Motion.-A mechanically repro- 
duced scooping motion incorporated in a truck designed prin- 
cipally for handling lead ore is illustrated by the diagram 
Fig. 7, which merely shows those parts that are essential to 
the motion required. Pinion A, which is driven by a motor, 
meshes with the gear sector B. Arm C is pivoted to one end 
of gear B; the other end is pivoted to bucket E and the middle 
part of arm C is pivoted to rocker arm D, which swings about 
a fixed pivot F. 

This combination, when proportioned according to the di- 
mensions given, provides the required scooping action. The 
truck is driven forward to locate the bucket close to a pile of 
ore. Then as pinion A turns gear B, pin G moves downward 
along arc H, and the bucket E is forced into the pile, as at 
El, at the same time being forced upward with an  efficient 
scooping action similar to that obtained with the large steam 
shovels. The dotted lines at  E2 indicate the elevated position 
of the bucket when loaded. 

This mechanism has proved to be a great time- and labor- 
saver, as the truck loads itself and at the same time lifts the 
ore high enough so that it can readily be charged into the 
furnace. The truck is also very compact, so that it can be 
run into a freight car for unloading. The complete mecha- 
nism permits sluing the loaded bucket 90 degrees each way 
from the central position, so that the truck can be run up a 
narrow aisle for charging furnaces with the ore. 

Power Press Stock Gage.- This stock gage is made part 
of the press equipment instead of part of the die, as is custom- 
ary. The mechanical gage finger that has been developed 
embodies a very simple tripping device. In the diagram, 
Fig. 8, the device is shown in its operating position on the 
back of a straight-side blanking press. A hook-block A slides 
in gibs in the cross-arm L, and carries on its lower end the 

stop-finger M secured by the set-screw N. The threaded stem 
Q of the slide extends through the stop-lug H and carries 
stop-nuts above and below this lug. The ram of the press K 
carries thc trunnion block J in which swings the hook B on the 

Fig. 8. Stock Gage Which Moves with the Punch After Part Ha# Been 
Blanked but Holds Stock During Blanking Operation 

cross-pin C. Hook B is pressed outward by the spring D until 
the upper end strikes the stop-pin E. The  radius of the tips 
of the hooks is approximately 1/16 inch. 

In  operation, the action is as follows: With the sliding 
hook down, the stop-nuts are against the top of lug H, and 
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the tip of the finger M rests on the die. The ram K descends 
carrying J and B with it. The large radii of A and B engage 
pressing B back against the spring D until B passes A. On 
the up stroke, the sloping surfaces of A and B engage and B 
lifts A until the stop-nuts strike the under side of the lug 
N, which prevents further movement of A.  The reaction be- 
tween the sloping surfaces of B and A forces B and A apart, 
so that they unhook, allowing A to drop through the force of 

Pig. 9. Machine for Barnlrhlng Ball Valve Seatr 

gravity and the action of spring P. On the next stroke of the 
press, the action is repeated. It will be noted that the finger 
M moves with the punch after the stock has been blanked, 
but holds the stock stationary during the blanking. This one 
feature largely reduced the number of spoiled blanks caused 
by movement of the stock during blanking. 

Eccentric Motion for Burnishing Ball Valve Seats. - This 
mechanism for burnishing a ball valve seat B (see Fig. 9) 

causes the valve A to rotate about its own axis, and at the 
same time this axis has a planetary conical motion, the apex 
of the cone being a t  the center of the spherical surfaces of 
the valve and seat; hence, local irregularities are eliminated 
and the density of the metal increased. 

The valve A is held by a spindle collet which is closed by 
a foot-pedal attached at E. The valve seat B fits into a hexa- 
gon socket which prevents it from turning. The spindle pulley 
C turns 1500 revolutions per minute, and pulley D revolves 
100 revolutions per minute. This pulley D has a ball socket 
F bored off center, which gives the axis of sleeve G a conical 

Fig. 10. Shaft Coupling Dsa iped  for Lateral or bgulu Diqhcamen8 

motion, the apex of the cone being at point A which is also 
the center of the ball socket H. Sleeve G does not revolve. 
A foot-pedal attached t o  spring J is used to hold the valve 
seat B against valve A with sufficient pressure to burnish the 
valve seat properly. Both valves and seats are of brass, and 
oil is used in burnishing. 

Shaft Coupling Rigid in Torsion Only.-The linkage 
shown in Fig. 10 was devised in order to secure a flexible 
coupling that would permit a comparatively large and con- 
stantly changing amount of misalignment. With this ar- 
rangement, misalignment does not cause the coupling to heat 
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or  become noisy. Mounted on the driven member so they 
can rotate are two bellcranks B, which are joined by a link D 
as shown, so that they rock in unison. These bellcranks are 
also connected with the driving spider A by links C, which 
should be provided with ball brasses if the angular misalign- 
ment is excessive. A line diagram of the linkage is shown at 
the right in the illustration. The broken lines indicate the 
position taken by the links and the bellcranks when vertical 
displacement takes place. 

Angular Transmission for Shafts. - If a designer is seek- 
ing a means for transmitting power between two shaft ends 

Wg. 11. Trrnrmiulon with Sviveled Enda 

at right angles where the four requirements are positive mo- 
tion, flexibility, compactness, and quietness of action, what 
form of mechanical motion will he adopt? A survey of the 
small group of mechanisms available for angular drives will 
reveal a rather meager list from which to choose. There are 
angular transmissions that are positive and compact, but are 
neither flexible nor quiet. There are transmissions that are 
flexible and quiet, but neither positive nor compact. I t  may 
reasonably be assumed, then, that a description of any new 
mechanical movement that meets these requirements will be of 
interest to designers and power transmission engineers. 

The use of the Bartlett angular transmission to be described 
is not confined to right-angle transmissions, but is applicable 
to any shaft angle from 0 to about 120 degrees, although at 
the latter angle the contact between the rubbing surfaces would 
be considerably reduced. If the shaft ends are swiveled, as 
in Fig. 11, a complete angular sweep of 180 degrees, or 90 

816 I2 Diagrams Showing Drive Employed oa Offnet Shaft. 

degrees in either direction, is possible; and by adding a ring 
and a second swivel-pin, a universal joint of a hitherto un- 
attainable magnitude of angular sweep may be produced. 
Such a universal joint has the unusual property of maintain- 
ing a uniform angular velocity ratio of 1 :1 between the driv- 
ing and the driven shafts. It is well known that the common 
type of universal joint produces an increasing departure from 
a uniform ratio as the shaft angle increases; for example, with 
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a shaft angle of 30 degrees, Hooke's joint causes a total varia- 
tion of about 8% degrees between the two shafts twice in 
each revolution, and the actual variation from uniform angular 
velocity is 28.87 per cent. 

Where the shafts are parallel, but considerably offset, this 
drive can perform the same function as the well-known Old- 
ham coupling, the angular velocity ratio still being uniform. 
Two positions of the drive when used in this way are shown 

in Fig. 12, where the positions in the two cases differ by a 
quarter of a revolution of the shaft. 

When used as a right-angle drive for lineshafting, the drive 
is connected direct to the shaft ends, which are preferably 
mounted in self-aligning bearings secured to a special hanger. 
This hanger provides a rigid connection between the bearings 
and allows for adjustment in all directions. I t  also provides 
a convenient surface on which an oil-case of simple design 
may be attached. 

From Fig. 13 it is possible to obtain a good idea of the 
construction and action of the parts when the transmission 
is used for a right-angle drive. The two hubs A arc keyed 
to the shaft ends. Each hub carries two hardened steel pins 
D over which the driving members B and C are free to  turn 

through an angle of somewhat more than 45 degrees on each 
side of the shaft axis. The member C is of cast iron, semi- 
steel, or bronze, and is slotted as shown to provide a sliding 
fit for the member B, which is of steel with the working sur- 
faces hardened and ground. The openings in the semi'circular 
parts are for the purpose of reducing the weight, and the 
extra metal on the opposite side of the pins acts as a counter- 
balance, but is not needed except for high speeds. 

For a perfectly uniform angular velocity ratio, the following 
conditions must exist : 

1. The center line of each pin must intersect the axis of 
the shaft. 

2. The center lines of the pins must lie in the mid-plane 
between the sliding surfaces of the tongue and slot. 

3. The axes of the two shafts must intersect in a point E. 
4. The center lines of the two pins must be equally dis- 

tant from the intersection E of the shaft axes. 
I f  these four conditions hold, it must follow that for all 

positions of the sliding members, the center lines of the two 
pins lie in the same plane, which is the mid-plane of the 
tongue and slot. Also this mid-plane is always inclined at 
equal angles with the axes of the two shafts. Hence any 
angular motion of one shaft must be accompanied by an equal 
angular motion of the other shaft. 

While deviation from the four conditions mentioned will 
affect the uniformity of the velocity ratio to some extent, it 
is not necessary to hold to the same degree of precision in 
mounting these units as would be required for gears. 

This drive is actually a flexible shaft coupling applied to 
shafts whose axes are set at angles varying from 0 to 90 
degrees. When the shafts are not in perfect alignment, the 
bearings are relieved of undue stress, and the action is smooth 
and quiet. Shaft misalignment is not possible with gears 
which mesh properly, nor, in general, with most other types 
of angular drives. 

Water-operated Automatic Switching Mechanism. - In 
making steel wire, a billet of the proper size is heated and 
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reduced in cross-section in a series of mill stands. The steel 
emerges from the last or finishing stand in the form of a 
small rod which is several thousand feet long and moves at a 
speed of 25 miles per hour or more. This rod is guided 
through pipes to a horizontal reel, the speed of which is auto- 
matically regulated according to the speed of the finishing 
stand, and this forms the rod into a coil. The coiled rod is 
removed from the reel by a suitable mechanism and then 
reduced to a wire by cold-drawing through a series of dies. 

In order to obtain high efficiency, the rods follow one an- 
other very closely; in fact, there is only a space of a few feet 

between the rear end of one rod and the forward end of the 
next rod. Since it would be impossible to clear the reel in 
these short time intervals, it is necessary to employ two reels 
and coil the rods alternately on them. This requires a switch- 
ing device which directs the rods to the two reels in alternation. 

Before describing the switching device, it might be well to 
summarize the conditions: (1) The rods are white-hot; (2) 
they move at a high rate of speed; (3)  the time available 
for the switching device to act is very short, and the action 
must be instantaneous; (4) the rods are of different lengths, 
so that switching must occur at irregular intervals; (5)  the 

device must possess a maximum degree of reliability, because 
its failure would cause considerable danger and a decrease in 
production. The device to be described meets all of these 
conditions in a very simple manner. 

Pipe S (see Fig. 14) can swing around a fulcrum in such 
a manner that while one end always registers with a pipe lead- 
ing to the finishing stand, the other end will register with 
either a pipe leading to the right-hand reel or with another 
pipe leading to the left-hand reel. Bellcrank C can swing 
around stationary pin Q, moving pipe S into either of the 
two necessary positions. A three-way valve R is operated by 
the bellcrank. Parts B1 and Bz are buckets, each having a 
hole in the bottom. Water flows into each bucket alternately, 
in a volume exceeding that of the outflow at  the bottom, so 
that the water level in the bucket gradually rises. 

In the position shown in full lines, bucket Bn is receiving 
water and becoming slowly heavier, while bucket B, is empty- 
ing itself and becoming lighter; hence the bellcrank tends to 
swing into the dotted position, thereby reversing the three- 
way valve, which diverts the stream of incoming water to 
bucket B1 and allows bucket Bz to become empty. 

Now the only obstacle to such a motion of the bellcrank 
is furnished by the rod which, running from pipe S to which- 
ever reel pipe it is in line with, bridges the gap between the 
two pipes and acts, so to speak, as a splice. But a t  the instant 
that the tail end of the rod leaves pipe S, the motion of the 
bellcrank takes place. This action is, of course, reversed 
when the tail enrl of the next rod leaves pipe S. The amount 
of water is so regulated that the scraping action on the side 
of the rod is slight and therefore not injurious. This device 
has provisions for manual control in case of emergency. 

Mechanical Lapping Mechanism for Plane Surfaces. - 
The mechanical movements required in accurately lapping the 
parallel surfaces of small brass rings are obtained from the 
mechanism shown in Fig. 15. This mechanical lapping process 
enables one man with one machine easily to  lap 2500 rings a 
day to within 0.0002 inch of parallelism. 
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r u n  vlrw WITH urpru PUTL RLNOVLD 

-- 

Fig. I S .  Yachanleal Lapplng M e c l u n l m  for P l a l r h l n ~  Small Brur R l n y  

Referring to the illustration, a vertical shaft A is rotated a t  
150 revolutions per minute. An adjustable eccentrically lo- 
cated roller B on the upper end of the shaft  engages a hole in 
a driving disk C, the hole being about half again as large as 
the roller. Thus the disk is oscillated in a horizontal plane 
150 times a minute. As the roller is smaller than the hole 
in the disk, and therefore assumes a position eccentric to the 
disk, and as the point of eccentricity is continuously progres- 
sing around the circle, due to the inertia of the unequally 
divided mass of the disk, the disk itself assumes a slow motion 
of rotation. 

The driving disk oscillates and rotates between two plates 
Dl which are nominally stationary, but which have a certain 
amount of freedom in all directions. These plates are covered, 
on adjacent faces, with disks of abrasive cloth E. The driv- 
ing disk has openings F cut in it to receive the rings GI these 
openings being on a circle which is of the same diameter as 
the mean diameter of the abrasive disks. 

When the roller is adjusted to the proper eccentricity for 
the size of the rings, the oscillation of the driving disk will 
pass the rings over the outside and inside edges of the abrasive 
disks an equal amount. The openings in the driving disk are 
a little larger than the rings, so that the latter are free to 
rotate around their own centers. They do this because the 
path around the plates, of any points on the outside edges of 
the rings, is greater than that of any points on their inside 
edges; therefore the lapping action is equalized as the rings 
twist around their own centers. 

Thus, by an ingenious adaptation, a simple crank trans- 
lates to a number of work-pieces, a t  one time, an oscillatory 
motion, as well as motions of rotation around both their 
individual and common centers, and a complication of me- 
chanical movements is obtained, without precise construction 
or skilled attention, which produces precision results-a good 
example of simplification in machine design. 

Pantograph Mechanisms for Reproducing Motion on a Dif- 
ferent Scale. -A pantograph is a combination of links which 
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are so connected and proportioned as to length that any mo- 
tion of one point in a plane parallel to that of the link mecha- 
nism will cause another point to follow a similar path either 
on an enlarged or a reduced scale. Such a mechanism may 
be used as a reducing motion for operating a steam engine 
indicator, or to control the movements of a metal cutting tool. 
For instance, most engraving machines have a pantograph 
mechanism interposed between the tool and a tracing point 
which is guided along lines or grooves of a model or pattern. 
As the tracing point moves, the tool follows a similar path 

FLg. 16. Pantograph for repro dud^^ Motion on 1 Reduced or E r l u t . d  Bulb 

but to a reduced scale, and cuts the required pattern or design 
on the work. 

A simple form of pantograph is shown by the diagram, Fig. 
16. There are four links, a, b, c, and d.  Links a and b are 
equal in length, as are links c and dl thus forming a parallel- 
ogram. A fifth connecting link e is parallel to links c and d. 
This mechanism is free to swivel about a fixed center f. Any 
movement of h about f will cause a point g (which coincides 
with a straight line passing through f and h )  to describe a 
path similar to that followed by h, but on a reduced scale. For 
instance, if h were moved to k following the path indicated by 
the dotted line, point g would also trace a similar path. 

Another form of pantograph mechanism is shown at A in 
Fig. 17. This pantograph, which is sometimes called "lazy 
tongs," is used to some extent for obtaining the reduction of 
motion between an engine cross-head and the indicator drum 
when taking indicator cards. The pantograph is pivoted a t  b 
by a stud which may be secured to a block of wood or angle 
iron attached to a post or in any convenient place. The end 

PSG 17. Pantograph Y e e h a a i m  Applied to Engine Cro~,head to Warn 
Yotion When Taking Indicator C u d r  

a has a pin which is connected to the cross-head of the engine. 
The cord which transmits motion to the indicator drum is 
attached to the cord-pin e on a cross-bar. This cross-bar may 
be placed in different positions relative to the pivot b, by 
changing screws at c and d; the cord-pin e, however, must al- 
ways be in line with the fixed pivot b and pin a. The position 
of the cross-bar in relation to pivot b determines the length 
of the travel of cord-pin e and, consequently, the rotary move- 
ment of the indicator drum and the length of the diagram 
which the pencil traces upon the indicator card. The objec- 
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tion to this reducing mechanism is the liability of lost motion 
resulting from wear in the numerous joints. 

The pantograph reducing mechanism shown at B in Fig. 17, 
has four links joined together in the form of a parallelogram, 
and one of the links is extended and pivoted to the engine 
cross-head. The swiveling movement of the pantograph is 
about the fixed pivot f ,  and the cord which operates the indi- 
cator drum is attached at g. As the illustration indicates, this 
point of attachment g coincides with a line passing through 
the pivots f and h, the same as for the pantograph shown at A. 
If F = the length of the engine stroke and L, the length re- 
quired for the indicator diagram, 

F fh 
F : L = f h : f g ,  or - - --. 

L fg 
Action of an Adding Mechanism- The adding mechanism 

to be described is applied to a machine which is a typewriter 
and adding machine combined. With this machine debit and 
credit accounts may be written down indiscriminately; each 
set of items added, and the total amount printed beneath each 
vertical column. The writing is done on the typewriter in 
the regular way, and the figures are set up and printed with 
the adding mechanism at the same time that the reading mat- 
ter is written. Two adding mechahisms or "accumulators" 
are required, one being for the debit and the other for the 
credit column. This machine may also be used in various other 
ways. For instance, a list of items may be printed in a series 
of vertical columns and these columns added to obtain the 
total amount in both horizontal and vertical directions ; finally, 
these totals, both horizontal and vertical, may be added to- 
gether to obtain the grand total. Discounts may also be reck- 
oned, amounts may be subtracted from each other, and many 
other operations performed in connection with commercial 
work. 
The adding keyboard is composed of nine vertical rows of 

nine keys each. The lower key of each row is numbered one, 
the next two, and so on up to nine. Of the nine vertical rows, 
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the first on the right is for units, the next, for tens, etc., or, 
since the reckoning is usually in dollars and cents, the first 
row is for cents, the next, for dimes, and the succeeding rows, 
for dollars. Figs. 18 and 19 show diagrammatical sections 
through the machine along the line of any one of the vertical 
rows of adding keys, which are shown at G. Other important 
parts of the mechanism are the rack A, the type sector F, by 
means of which the numbers are printed on paper carried by 
roller K, and the accumulator wheels B, by which the addition 
is performed. These parts, as well as the other moving mecha- 
nism shown, are duplicated for each one of the nine rows 
of keys, there being nine racks, nine type bars, nine sets of 
accumulator wheels, etc., in all. 

The adding mechanism is operated by the movement of 
rack A. This movement takes place under the influence of 
spring 0 whenever stop N is swung back a s  shown in Fig. 19 
by the operation of the handle of the Machine. The length 
of the movement which spring 0 thus gives to rack A  is deter- 
mined by keys G. If the figure $476.34 is set up on the key- 
board, for instance, key "4" will be depressed in the cents 
column, and, when the movement of the rack takes place, the 
rack teeth beneath the accumulator wheel will have moved 
four spaces. 

This is more clearly seen in Fig. 18 where each of the keys 
G is shown to be mounted on a stem which carries a stop H 
at the lower end. When the keys are depressed, these stops 
come into line with corresponding steps formed at the left- 
hand end of the rack A. These steps are so proportioned that 
when key 1 is depressed, for instance, the rack is allowed to 
move one tooth before striking its abutment. When key 2 
is depressed, it moves two teeth and so on, as shown by the 
numbered arrows a t  the lower part of the illustration. When 
no key is depressed, indicating zero, then a stop is interposed 
which prevents any movement of the rack. When key 9 is 
depressed, the rack takes the full movement of nine teeth 
allowed by the striking of the projections on the under side 
of the rack against supporting bar J. 
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Each rack A has cut in it a slot engaging pin C in sector D. 
Each sector is, in turn, connected by link E with the type bar 
F having numbers from 0 to 9. Whenever a key (key 4, for 
instance) is depressed as shown in Fig. 19, and the rack is 
allowed to move four teeth backward under the influence of 
spring 0, the type bar F is thereby set at the corresponding 
figure. The throwing forward of lever L to which the type 
bar is pivoted then prints this figure "4" on paper wrapped 
about roll K. I t  is important to remember that rack A and 
type bar F are positively connected under all conditions. It 
should, perhaps, be mentioned that the teeth in sector D simply 
provide for more accurate alignment of the type in printing 
than would otherwise be possible. Just before the printing 
stroke takes place, arm W swings up, carrying a plate which 
enters the corresponding tooth space in each one of the nine 
sectors D, aligning all the figures on type bars F and giving 
a good, evenly printed number on paper. 

The Accumulator Mechanism. - The accumulator mecha- 
nism, by means of which the adding is done on the machine 
previously referred to, will now be described. There are 
ordinarily nine accumulator wheels for each of the nine racks. 
This particular machine, however, has two sets of nine wheels 
each, one set being above rack A (see Fig. 19), and the other 
below it. The upper one is the debit accumulator for addition 
in the debit column and the other is the credit accumulator 
for the credit column. Only the upper o r  debit accumulator 
will now be considered. This set of nine accumulator wheels, 
of which only one is shown at B, may be swung into and out 
of engagement with the teeth of racks A, at  will. These 
accumulator wheels have 20 teeth each; they could have ten, 
except for the fact that it would make them inconveniently 
small. Each wheel is provided with a two-tooth ratchet M 
positively pinned to it. This ratchet spans ten of the wheel 
teeth between its points. Pawl P is adapted to engage the 
teeth of ratchet M, and is connected with the mechanism by 
means of which the tens are carried from one column t o  an- 
other (that is, from one accumulator wheel t o  another) as 
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will be described in connection with diagrams Figs. 20 and 21. 
Order of Operations for Adding. - Figs. 20 and 21 show, 

in diagrammatical form, the method of procedure followed 
in the simple problem of adding 4 to 9, and obtaining the sum 
13. At A, Fig. 20, the machine is shown "clear," that is, with 
the accumulator wheels at zero, which means that one tooth 

WHEEL AT ZERO 

ENOAOE ACCU- 

MULATOR WHEEL 

MULATOR WHEEL 

DI8ENQAOE ACOU- 

MULATOR WHLCL 

N. 10. Diyrmr lIlrrtrrtinc Action of Adding Ywhlnirm 

of the two-tooth ratchet is up against the hook of the pawl. 
Key 4, corresponding to the number to be added, in this case, 
into the accumulator wheel, is now depressed and the operat- 
ing handle of the machine is pulled over. The first thing 
that takes place is that the rack is allowed to move four teetb 
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ENQAQE ACCU- 

MULATOR WHEEL 

Dl8ENMQE ACCU- 

MULATOR WHEEL 

ENQAGE ACCUMUUTOR 

WHEELS FOR TOTAL 

Ol8ENQAQE ACCU- 

MACHINE CLEAR 

to the right, as shown at B (see also Fig. 19). In  this posi- 
tion, the number "4" is printed. Next (as shown a t  C in Fig. 
20) the mechanism automatically throws the accumulator 
wheel down into engagement with the rack. Then as the 
operator allows the handle to return, the rack moves back to 
the zero position again as shown at D, carrying the accumu- 
lator wheel with it a space of four teeth from its zero posi- 
tion. The mechanism then disengages the accumulator wheel, 
leaving the machine ready for the next operation with the 4 
added into the accumulator, as shown at E. 

To add 9 to the 4, key 9 is depressed and the operator pulls 
the handle. This results in a movement of nine teeth of the 
rack as shown at F in Fig. 21. The figure 9 is then printed. 
The accumulator wheel is next engaged, as at G. Then the 
rack is returned to the zero position as at H, and the accumu- 
lator wheel is disengaged as at I. This evidently moves the 
accumulator wheel 9 + 4 = 13 teeth as shown at H. In  doing 
this, one of the teeth of the two-tooth ratchet lifts the pawl as 
it passes under it. This raising of the pawl operates a spring- 
loaded mechanism, which shifts the next accumulator wheel 
(that for the tens column) one tooth, when the wheels are 
returned from engagement in operation I. This operation 
corresponds to that of "carrying" when adding with pencil 
and paper, except that it is done automatically. This carry- 
ing mechanism will not be described in detail as the parts are 
small and rather complicated, although the action is simple. 
The mechanism may be understood more clearly by consider- 
ing the actions of the wheels when every one of them in the 
accumulator, from cents up to the millions of dollars, is set 
at 9 - that is, when they are set up for 9,999,999.99. Now 
suppose that one cent is added, so that the first wheel is moved 
beyond 9 -that is, to 0. The tooth of the ratchet M will 
then pass under the first pawl, raising it. When the accumu- 
lator wheels return from engagement, this raising of the first 
pawl releases a spring-loaded mechanism which moves the 
next wheel from 9 to 0. This, in turn, moves the next wheel 
from 9 to 0 and so on until each one of the row has been 
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advanced one tooth, setting the whole row at 0,000,000.00. 
This operation is done so rapidly that one cannot distinguish 
between the successive operations, but each one is dependent 
upon the preceding one. The operations required for finding 
a total are shown at I ,  K,  L, and M, Fig. 21. The first thing 
the  operator does is t o  depress the  "debit total" key a t  the 
left of the keyboard, the sum having been added into the 
upper o r  debit accumulator. He then pulls the operating 
handle, and the accumulator wheels are engaged with the racks 
as shown at I. The next operation is the release of the racks 
so that the springs move them toward the right. There are, 
in this case, no keys depressed in the keyboard, so that the 
racks would move the full distance of nine teeth, were it not 
for the fact that they have to carry the accumulator wheels 
with them, and the ratchets on these wheels come in contact 
with the pawls, thus arresting their movement and stopping 
the movement of the racks. 

The previous operation of adding 9 to the 4 in the wheel 
set the "units wheel" three teeth beyond the point of the 
ratchet, and the "tens wheel," one tooth beyond the point of 
the ratchet. I t  is evident, then, that in operation K the units 
rack will be allowed to move three teeth and the tens rack 
one tooth. This will evidently set up the unit type bar at "3" 
and the tens type bar at "1." On the return of the handle, 
the printing mechanism is operated, transferring the total 
"13" to the paper. The accumulator wheel will then be rc- 
leased, and the rack will be allowed to return to the zero 
position as shown at M. This leaves all the accumulator 
wheels back in the zero position, with the teeth of the ratchets 
back against the pawls, leaving the machine "clear" and ready 
for the next operation. 

I t  might have been desired to print a sub-total instead of a 
total; that is, a total for the addition as far as it had pro- 
ceeded, but not to clear the machine, thus permitting more 
figures to  be set up and printed and added into the same sum. 
Sub-totals can be printed a t  any point in the adding up of a 
line of figures, as required, by a simple change in the opera- 

tion shown at J ,  K, L, and M in Fig. 21. This consists simply 
in allowing the wheels to remain in engagement a t  L, so that 
the racks, when they return in operation M, will bring the 
wheels to the same position as they had in I, thus leaving the 
totals still set up in the accumulator. Since there are two 
independent accumulators, it is evident that a number can 
be added into either one or both of them; or a total or sub- 
total can be taken from one of them and added into the other 
-all depending upon the manipulation of the keys and the 
time of throwing the accumulator wheels into and out of 
action. 

This adding machine has what are known as "controlling 
keys." These are named "non-add," "debit add," "debit sub- 
total," "debit total," "credit add," "credit sub-total," "credit 
total," "repeat," and "error." The pressing down of the 
non-adding key permits the printing of a number without 
adding. In  other words, this keeps the accumulators per- 
manently out of engagement with the racks. The debit and 
credit add keys permit a number to  be printed and added into 
the corresponding accumulator, even though the carriage is 
not set in the proper position for that accumulator. The use 
of these keys, therefore, gives a flexibility to the machine 
which is necessary for special operations such as horizontal 
adding. The debit and credit sub-total keys take and print 
a total from either the debit o r  credit accumulators without 
clearing the accumulators. The debit and credit total keys, 
on the other hand, take the total from either the debit o r  credit 
accumulators, as the case may be, and clear the accumulator 
after the total is printed. The pressing down of the repeat 
key holds in the downward position whichever of the number 
keys have been depressed, allowing the same number to  be 
repeatedly printed and added as many times as the operating 
handle is pulled. This is useful in multiplying by repeated 
additions and for other similar uses. The pressing of the 
error key will release every other key on the keyboard, both 
of the number keys and of the operating keys as welt. 

The keyboard is provided with an  interlocking mechanism 
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connected with the controlling keys of the machine and with 
the operating lever. This mechanism, among other things, 
prevents the keys from being pressed down or changed after 
the operating lever movement is started. The keyboard also 
has a connection with an error key, the pressing of which 
releases all the keys that may be depressed at the time. Means 
are also provided for automatically releasing and returning 
the keys after each operation. 

Accumulator Controlling Mechanism. - The engagement 
of the accumulators with the racks, and their release, in the 

I I 
Fig. 12 Flfing Lever Connection Between Operating Shaft md 

Accumnlatorm of Adding Mechrnimr 

operation of the adding mechanism previously described, is 
effected as follows: The sector K (see Fig. 22) is directly 
connected with the operating shaft L controlled by the oper- 
ating handle. It  is provided with connections with both accu- 
mulators, although this illustration only shows the connections 
with the debit accumulator. Flying lever M is connected with 
the debit accumulator by means of links O1 and bellcrank Q. 
Member P is simply a spring detent to locate Q for either the 
engaged or disengaged position of the accumulator wheels. 

As sector K starts on its stroke toward the dotted position, 
flying lever M is carried with it, owing to the resistance which 

the end of the latter meets with against abutment R. When 
K has gone far enough so that the end of the lever has dropped 
~ f f  R, the lever M becomes free. The movement has been 
sufficient, however, to move accumulator lever Q to position 
Ql which throws the wheels into engagement. If it had been 
desired to throw the wheels into engagement at  the end of the 
stroke instead of at the beginning, detent R would have been 
withdrawn from the position shown, leaving flying lever I I f  
free. Near the end of the stroke of K, however, the end of 
the pawl S would have struck stud T, making M and K solid, 
for all practical purposes, and moiing Q to the position Q1 

Fig. 23. Simple Arrangement for Holdlng In tbe D o m r a r d  Po8itton Only 
One Key at a Time in a Row of Addily Macblne I t e n  

at the end of the stroke. If it had been desired to keep the 
accumulator wheels out of engagement altogether, R would 
have been lowered out of the position shown, and S would 
have been moved to a position clear of stud T. Then flying 
lever M would have been entirely free of K, and no move- 
ment of Q would have taken place. The provisions for throw- 
ing the accumulator out of engagement a t  either the com- 
mencement or end of the return stroke are  similar to those 
just described. 

Adding Machine Key Control. - The keyboard of an add- 
ing machine is said to be "flexible" when so arranged that, 
if a key has been depressed, it will stay down, but the pressing 
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down of another key in the same vertical column will release 
the first key. With this arrangement, if an attempt were 
made to depress two keys successively, the releasing of one 
by the downward action of the other would eliminate a pos- 
sible error. As a further advantage, if the wrong key were 
pressed, the depression of the right one restores the wrong 
one to  its normal position. The simple, but ingenious, device 
for controlling the action of the keys on one of the commer- 
cial adding machines is illustrated in Fig. 23. If key No. 1 
is depressed, the lower hooked end of the stem on which it 
is mounted springs past the end of a long pivoted strip A 
that extends throughout the entire length of the vertical row 
of keys. The result is that the key is held in the downward 
position by this hooked end until some other key is depressed. 
For instance, if the operator presses down on key No. 2, this 
will swing the strip A about its pivot to allow the hooked end 
of the stem to pass, and this movement of strip A releases the 
hooked end of key No. 1 which immediately is forced upward 
to its normal position by a spring B. In the same manner, any 
key which may be pressed down will throw back the strip and 
release any other key which may a t  the time be depressed. 

CHAPTER XV 

HYDRAULIC TRANSMISSIONS FOR 
MACHINE TOOLS 

WITHIN recent years many standard machine tools have 
been designed with hydraulic feed mechanisms built in, as a 
part of the machine. Among the first tools to be so equipped 
were broaching machines. The production capacity, flexi- 
bility of control, and low maintenance cost of these hydraulic- 
ally operated tools attracted the attention of many machine 
tool builders and users. Later, grinding machines and drill- 
ing machines were successfully equipped with hydraulic feeds. 
Following this, several lathe and chucking machine manu- 
facturers and builders of milling machines began the devel- 
opment of hydraulically equipped machines. 

In practically all new applications of hydraulic transmission 
to machine tools, no accumulators are employed. Thus, the 
new system of feeding or driving consists essentially of an 
oil-pump and a cylinder having a piston driven by oil circu- 
lated by the pump and controlled by piping and valve equip- 
ment, to  give the piston any movement required for feeding 
or driving. Where hydraulic rotary drives have been applied, 
a motor similar in construction to the rotary oil circulating 
or driving pump takes the place of the cylinder and piston 
arrangement. 

Although the basic principle of hydraulic operation of feeds 
and drives appears simple, the actual development of a prac- 
tical system involves considerable engineering. The require- 
ments of one machine may be met by comparatively simple 
equipment, whereas the hydraulic operation of another ma- 
chine may require a system of piping, specially designed con- 
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trol valves, two or more driving pumps and hydraulically 
driven devices of various kinds. 

Advantages of Hydraulic Operation. - The following is a 
brief resume of the principal advantages claimed for hy- 
draulic, as compared with mechanical, operation of machine 
tool feeds and drives. 

1. Straight line o r  rotary transmission of power at any 
desired point of application. 

2. Higher cutting speeds. 
3. Longer life of cutting tools. 
4. Greater flexibility of speed control. 
5.  Quick reversal of feed, with practically no shock. 
6. Simple and efficient control, both hand and automatic, 

of all rapid traversing, feeding, and reversing movements. 
7. Quiet operation. 
8. Low power consumption, which varies automatically 

to meet resistance offered to cutting tool or driven member. 
9. Safety insured by relief valves, which can be set to stop 

the feeding movement a t  any predetermined pressure. 
10. Ability to iistall" against obstruction, thus protecting 

parts against breakage and providing an ideal method of cut- 
ting shoulders to exact positions and facing to length, by 
using positive stops. 

11. "Slip," which permits movement to slow up when 
tool is overloaded without "windup" of mechanical feed gear. 

12. Fewer moving parts. 
13. Provision for checking and comparing action or con- 

dition of cutting tools by pressure gage, which indicates cut- 
ting force. 

14. Adaptability for operating auxiliary devices, such as 
work-holding clamps, clutches, diamond dressing tool, index- 
ing pins, etc. 

15. Comparatively simple centralized control oSrer one 
or  any number of hydraulically operated units arranged or 
located according to requirements. 

16. Greater flexibility of design which permits feed to 
be adjusted to most efficient rate after machine is assembled. 

17. Reliability and low up-keep cost due to  comparatively 
few wearing parts. 

Two Fundamental Circuits Employed.- The  designs of 
practically all hydraulic feeds and drives recently applied to  
machine tools have been based on one of the two fundamental 
hydraulic circuits shown diagrammatically in Figs. 1 and 2, 
or a combination of these two circuits. I n  both circuits, the 
pistons A, which impart the required feeding movements, are 
driven by a liquid delivered from their respective pumps B. 
The pressure is low if the piston encounters no resistance, and 
the distance it is moved corresponds to the discharge rate of 
the pump, whether the resistance be high or low. 

In  the case of the circuit shown in Fig. 1, the rate of feed 
is changed by varying the volume of liquid delivered by the 
pump B. With the circuit shown in Fig. 2, the feed is con- 
trolled by opening or closing the choke valve C, causing more 
or less of the liquid from the constant-volume pump B to  
be by-passed by valve D, but admitting liquid to cylinder E 
at the rate necessary to give the required feed. 

Pressures Used for Feeds and Drives.- Both high- and 
low-pressure systems are used, depending on the type of 
machine and its requirements. For instance, the reciprocating 
tables of light weight internal grinders may be driven by 
constant-displacement low-pressure gear pumps, as compara- 
tively little pressure is required to move the tables of such 
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machines. On the other hand, a certain car-wheel boring 
machine is equipped with four variable-delivery pumps, each 
having a capacity of 3060 cubic inches per minute a t  a pres- 
sure of 1000 pounds per square inch. Two of these pumps 
are used for feeding the two boring heads, which have 9-inch 
feeding cylinders. This equipment gives an available feeding 
force of 60,000 pounds on each carriage. The other two 
pumps are used for operating the mechanism for chucking 
the car wheels. 

Variable-delivery Pumps Arranged with Closed Hydraulic 
Circuits. - For simplicity, Fig. 1 shows the pump pushing 

Fig. 2 Hydrrdlc Peed with By-wued C i m i t  

the piston outward, a valve which must be used to reverse the 
flow in the discharge and return pipes on the in stroke being 
omitted in the diagram. The complete arrangement gives a 
definite rate of feed proportional to the metered discharge 
of the pump less leakage from the closed pressure side of 
the circuit through the pump pistons and the feed piston. The 
rate at which the piston moves will never exceed the rate cor- 
responding to the fixed discharge of the pump, and greater or 
less resistance to the movement of the piston will only raise 
or  lower the pressure in the cylinder and connecting pipe to 
the pump without materially changing the speed a t  which the 
piston moves. 

Perhaps the most outstanding advantage claimed for this 
system of hydraulic transmission of power is the sensitive 

and easy control of the speed of the driven mechanism. If 
we pass the entire output of the pumping unit to  the driven 
unit, the speed of the latter may be regulated by varying 
either the speed or displacement of the pumping unit. This 
constitutes a very efficient means of control, and one that is 
limited only by the mechanism involved. 

The by-passed circuit illustrated diagrammatically in Fig. 2 
shows the gear pump B pushing the piston A at a rate cor- 
responding to only a fraction of the displacement of the gear 
pump. The excess displacement escapes through a relief 
valve D into the oil-pot, and is again taken up by the gear- 
pump suction pipe and continuously circulated. 

Types of Pumps Used in Feeding Machine Tools. - 
At present there are three types of pumps in general use for 
feeding machine tools : 

1. An accurately made gear pump capable of delivering 
a constant volume of oil at a constant pressure. These pumps 
are usually arranged to deliver oil at pressures up to 250 
pounds per square inch. A relief valve is used in connection 
with this type of pump for maintaining an even pressure. 

2. A multiple-piston pump with variable stroke. This 
type of pump is built to deliver a variable amount of oil a t  
pressures up to 1000 pounds per square inch. 

3. A pump which combines the first and second types and 
is arranged to deliver a large volume of oil a t  about 250 
pounds pressure from a gear pump, and a smaller volume at  
a higher pressure from a variable-delivery piston pump. Both 
pumps are built into one housing and interlocked a s  to control. 

There is nothing unusual about the gear pumps employed, 
which are simply required to deliver the necessary volume of 
oil a t  a constant pressure. The variable-stroke pumps or  
units, such as the Oilgear automatic variable-delivery pump 
are necessarily more complicated. This pump was designed 
for use in equipping the smaller sizes of milling, boring, drill- 
ing, and similar machines with hydraulic feeds. The follow- 
ing specifications for  this pump may bt: of interest to de- 
signers : 
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Forward and reverse feeds and forward and reverse rapid 
traverse are provided. Either hand or automatic control may 
be employed. Pipe connections with the gear pump are pro- 
vided for operating fixtures or other auxiliary equipment. 
Different positions of the control valve give full speed (rapid 
approach), feed forward, neutral, feed reverse and full speed 
reverse (rapid return). When used with a 3%-inch cylinder, 
this pump has a feeding range of from 1.66 to 23 inches per 
minute and a reverse feed of from 3.32 to 46 inches per min- 
ute. The rapid traverse speed in either direction is 93 inches 
per minute. The maximum working pressure is 1000 pounds 
per square inch and the power consumption at maximum 
capacity is 2 horsepower. The drive shaft speed is 860 revo- 
lutions per minute or lower. The pump is about 19% inches 
high. 

Rotary Drives for Long Strokes and Rotary Tables. - 
When very long table strokes are required, as in the case of 
some types of grinding machines, or when the table has a 
rotary movement, as in some milling machines, it is desirable 
to use a rotary motor in place of the feed cylinder. The work- 
ing parts of a motor of this type are identical with those of 
the corresponding variable-stroke pump. The displacement 
of one such motor is 4.6 cubic inches per revolution; and the 
maximum torque, 690 inch-pounds at 1000 pounds per square 
inch. The maximum speed is 860 revolutions per minute, and 
the output at  this speed, 9.4 horsepower. 

Operating Multiple Feeds. -To have complete individual 
speed control of two or more hydraulic cylinders or motors, 
each cylinder must be driven by its own pump and the entire 
flow from the pump must go through that cylinder. How- 
ever, drilling machines of the multiple-spindle type having 
several feed cylinders operated simultaneously by oil supplied 
by a single gear pump have proved practical. If sufficient oil 
is pumped at  all times, so that under the worst kondition of 
usage there is still a slight amount being by-passed through 
the relief valve, the rate of movement of the piston of any 
one cylinder can be changed witho~tt any material change in 

the rate of travel of the pistons in the other cylinders. 
If the volume of oil delivered is not sufficient to maintain 

the pressure adjusted by the by-pass valve in the case of two 
or more motors or cylinders operated in parallel, the motor 
or cylinder encountering the least resistance may take the 
entire flow until its stroke or work is finished o r  stopped by 
closing a valve. The remaining units will operate success- 
ively according to the order of their resistance values. The 
total time required for all the cylinders to perform this work 
under this condition will be the same as though they operated 
simultaneously, assuming, of course, that the volume of oil 
delivered by the driving pump is the same. By employing a 
variable-delivery pump for changing the volume of oil flow 
in a system of this kind, the operator can obtain any desired 
feed for each cylinder as it comes into operation. 

Cylinders Operated in Series. - If the speed control re- 
quired on two cylinders is simultaneous and proportional, the 
two cylinders may be placed in series in a closed circuit with 
a single pump. Such a circuit with the three pumps in series 
is shown diagrammatically in Fig. 3. This circuit is applic- 
able to a drilling machine equipped with three drilling heads. 

The movement of such heads may be coordinated mechanic- 
ally by racks and pinions or by linkage, but the hydraulic 
method is more flexible, less liable to damage through break- 
age, and in some cases, cheaper. The three cylinders must 
be graduated to the speed requirements of the heads. If one 
head is to move twice as fast as another, its cylinder must have 
one-half the volume. Also, each cylinder must be so designed 
that the volume displaced in its piston-rod end is equal to the 
volume displaced in the head end of the next succeeding 
cylinder. This is evident from the diagram, as the oil sup- 
plied to the head end of each cylinder after the first one, comes 
from the rod end of the preceding cylinder. 

In order to keep the movement of such a set of pistons 
properly coordinated, the pistons must run against their cylin- 
der heads at  the termination of each cycle, so that they always 
start the next cycle in the same relation. The relief valves 
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A, B, and C, permit oil to pass around any piston that has 
stalled against its cylinder head during the back stroke, thus 
bringing all the pistons successively back against their cylin- 
der heads. 

Use of Multiple Transmitter. -The series circuit of Fig. 3 
divides the total working pressure into as many parts as there 
are cylinders. This reduces the maximum working pressure 
available in each cylinder, and tends toward large cylinder 
diameters. For this and other reasons, it is sometimes better 
to use a multiple transmitter, consisting of one double-acting 

Flg. 3. Dfagrnm of cylfndaw Operated by Bairn C M t  

cylinder reciprocated by the pump and operating several cylin- 
ders whose piston-rods are attached to a single cross-head. 
Each of these secondary cylinders acts as a pump or impeller 
for its own individual driven o r  feeding cylinder. This sys- 
tem establishes several separate closed hydraulic circuits, each 
of which operates its feeding cylinder at definite speeds, the 
pressure in each separate circuit depending on the resistance 
against the piston-rods of the respective feeding cylinders 
and on the corresponding piston areas. 

The strokes of all the impelling cylinders are the same, but 

their diameters and the diameters of the feeding cylinders 
may be varied to give any desired feeding forces and strokes 
to the respective feeding cylinders, provided the totals are 
within the power capacity of the pump. All speed variations 
and distances traveled by the pistons of the respective feeding 
cylinders are proportional to the speeds and distances traveled 
by the piston of the main cylinder connected to  the pump. 

In this case also, it is necessary to provide means similar 
to those shown in Fig. 3 for bringing each of the feeding 
cylinders against this cylinder head at the end of every cycle 

Fig. 4. Diagram of Xaltlple-impenat BJltsm 

to keep the pistons in coordination. A system of this kind 
is indicated in Fig. 4, only the principal circuits being shown. 
In practice, the circuits of both Figs. 3 and 4 require low- 
pressure make-up lines from the pump to  each circuit, and 
other details, which are omitted for  the sake of clearness. 

Slip and its Effect. - A tool-holder fed by an  oil-pressure 
piston and a volumetric pump cannot be used to chase a thread, 
because its rate of feed is not absolutely constant. There is 
always a certain amount of leakage (across the bridges and 
through the plunger fits) in the pump, and this leakage is 
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greater as the cut becomes heavier and the oil pressure rises. 
If the feed is low, in inches per minute, this leakage may be 
a considerable percentage of the pump delivery. This is the 
"slip," and in the early designs of hydraulically fed tools, was 
generally assumed to be a defect. Geared feeds do not slip, 
and the tool must cut the given thickness of chip, whether the 
material is hard or soft, the cut deep or shallow. If the tool 
manages to back off slightly due to "windup" in the rods and 
gearing, the lost travel must be made up, and the average 
thickness of chip throughout the cut must be equal to the 
geared feed rate. 

If the tool is fed by oil from a volumetric pump, it will 
never move faster than the nominal feed rate, but higher cut- 
ting pressures will cause the feed to slow up. The travel lost 
by this increased slippage is never made up. Hence the tool 
is not damaged by being forced to maintain the given feed 
rate, as may be the case when overload causes winding up of 
the mechanical feed gear. 

The rate of leakage in a hydraulic feeding system depends 
upon the pressure, and the pressure is directly caused by the 
resistance encountered by the tool. Consequently the flow of 
oil actually delivered by the pump into the feeding cylinder 
is less as the resistance increases. In actual practice, this 
reduction of feed with increasing pressure may be a very sig- 
nificant fraction of the theoretical feed rate, especially with 
heavy cuts at slow feeds. 

For instance, a standard 3%-inch diameter feed cylinder 
has a piston area of 11.8 square inches and can deliver a net 
feeding force of 11,800 pounds to a cutting tool. When 
working at this maximum pressure of 1000 pounds per square 
inch, the slip of the entire apparatus would quite likely amount 
to 15 cubic inches of oil per minute. In ordinary cuts, such 
a feeding cylinder usually operates a t  pressures of 250 or 300 
pounds per square inch, and the slip is, say, 5 cubic inches 
per minute. 

Therefore, if the feed were adjusted to give 4 inches per 
minute under 250 pounds pressure, the additional slip of 10 

cubic inches of oil as the pressure rises t o  nearly 1000 pounds 
would reduce the rate of feed by nearly % inch per minute, 
leaving a net feed of about 3% inches per minute during the 
excessively heavy cut. This amounts to  a 20 per cent reduc- 
tion in the 4-inch per minute rate of feed. If the feed rate 
were set at 16 inches per minute, the reduction would be 5 per 
cent, as the amount of slip is practically constant for given 
pressures. These rates are based on a type of pump having 
relatively large leakage through a distributing valve. Other 
types would show about one-half as much slippage. 

Speed-changing Hydraulic Transmission.- The hydraulic 
transmission illustrated by Figs. 5 and 6 is so designed that 
the speed of the driven pulley may be varied from zero up 
to the full speed of the driving pulley, so that this mechanism 
may be utilized as a clutch or for changing speeds. This 
transmission is intended for general application. 

The driving pulley A on shaft B (Fig. 5 )  revolves gear C 
and two idler gears D and E (see Fig. 6), These idler gears 
are housed in case F to which the driven pulley G is attached. 
The gears referred to act as a pump. and circulate oil through 
ports H, J ,  K, and L (as indicated by the arrows), provided 
the ports in the cylindrical or plug valves M and N ate open. 

If valves M and N are fully open, the gears will rotate 
freely, because the oil can circulate through the passageways 
without resistance; consequently, the driven member and its 
pulley will remain stationary. If, however, the valves M and 
N are closed gradually, there will be a corresponding increase 
in resistance to the rotation of the gearing, and as a result, 
the driven member will rotate a t  a rate of speed depending 
upon the amount of resistance. When valves M and N are 
completely closed, all rotation of the gears is prevented, and 
the driving and driven members rotate a t  the same speed. 
The transmission then acts like a clutch in engagement, whereas 
when valves M and N are fully open and the driven member 
is stationary, the action is similar to a clutch that has been 
disengaged. Thus it will be seen that the gears revolve as a 
unit only when the valves are fully closed, and they rotate 
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about their axes when the valves are partially or entirely 
open for the purpose either of varying the speed or discon- 
tinuing the drive entirely. 

The main supply of oil is in the main casing at P (Fig. 5) 

I 1 

FIg. d Croar-.sction, Showing Osur and Control Valraa of Eydnalic Tmnaninba  

and a small pump at Q, driven through spiral gearing from 
the main shaft, forces the oil through a central opening R 
in this shaft. Lever S (Fig. 6 )  serves to control the posi- 
tions of valves M and N and the speed variations. Any vari- 
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ation ir! the speed for which the mechanism is set, caused by 
changes in load, is regulated by the centrifugal governor T 
(Fig. 5). 

In  order to relieve the oil pressure at the points where the 
teeth of gears C, D, and E intermesh, small radial holes are 
drilled through these teeth and connect with diagonal holes 
leading to the spaces between the teeth, thus relieving the oil 
pressure and lessening friction. This transmission is also 
designed to provide reversal by special arrangement of gear- 
ing connection with the driven member. The hydraulic 
feature of the transmission, however, is the =me as described. 

CHAPTER XVI 

AUTOMATIC FEEDING MECHANISMS 

MACHINES which operate on large numbers of duplicate 
parts which are separate or  in the form of individual pieces 
are often equipped with a mechanism for automatically trans- 
ferring the parts from a magazine or other retaining device, 
to the tools that perform the necessary operations. The 
magazine used in conjunction with mechanisms of this kind is 
arranged for holding enough parts to supply the machine for 
a certain period, and it is equipped with a mechanical device 
for removing the parts separately from the magazine and plac- 
ing them in the correct position wherever the operations are 
to be performed. The magazine may be in the form of a 
hopper, or the supply of parts t o  be operated upon by the 
machine may be held in some other way. The transfer of the 
parts from the hopper or main source of supply to the operat- 
ing tools may be through a chute or passageway leading di- 
rectly to the tools, or it may be necessary to convey the parts 
to  the tools by an auxiliary transferring mechanism which 
acts in unison with the magazine feeding attachment. These 
automatic feeding mechanisms are usually designed especially 
for handling a certain product, although some types are cap- 
able of application to a limited range of work. The feeding 
mechanisms described in the following include designs which 
differ considerably, and illustrate, in a general way, the pos- 
sibilities of automatic devices of this kind. 

Attachments having Inclined Chutes.- One of the irnpor- 
tant applications of magazine feeding attachments is in  con- 
nection with the automatic screw machine. Most of the parts 
made on these machines are produced directly from bars of 
stock, but secondary operations on separate pieces are some- 

447 
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times necessary, and then an automatic or semi-automatic 
attachment may be employed to transfer the parts success- 
ively to the machine chuck where the tools can operate upon 
them. Many of these attachments have magazines which are 
in the form of an inclined chute that holds the parts in the 

BECTION THROUQH X-Y 
BHOWINQ ELONQATED SLOT 

Flg. 1. Automatic Screw Machine Myarine Attachment 

correct position and from which they are removed, one at a 
time, by a transferring device. An example of this type of 
magazine attachment is shown in Fig. 1. This attachment 
was designed for feeding the handles of safety razors. The 
preliminary screw machine operations involve turning, form- 

ing, knurling, drilling, tapping, and cutting off the handle, 
thus producing a piece of the form shown at A in the illus- 
tration. These partly finished handles are then placed in the 
chute or slide of the feeding attachment, from which they 
are transferred to the chuck, so that a hole can be drilled clear 
through the handle as indicated at B, and one end of the hole 
be slightly enlarged. The upper and lower plates C of the 
chute have grooves milled in them to correspond to the en- 
larged parts of the handle. As each successive handle reaches 
the lower end of the chute and drops into the small pocket 
shown, a spring plunger L attached to the turret advances and 
pushes the work out into the chuck of the machine. 

As the ends of the handles have shoulders, the pocket a t  
the bottom is automatically enlarged t o  permit the passage of 
this shoulder. The work-carrier consists principally of two 
blocks D and E and a finger F. Block D is held in the cross- 
slide and block E is attached to the top of block D. The for- 
ward end of block E is cut out to fit the work, which is held in 
place by finger F. This finger is fastened to lever G, pivoted 
on block D, and normally held in position by a pawl H en- 
gaged by plunger I and pin I.  When a piece of work drops 
into the pocket in block E and the front cross-slide has ad- 
vanced far enough to bring the work in line with the hole in 
the chuck, the enlarged part of the plunger L trips the finger 
F after the work has been partly inserted in the chuck. This 
action is caused by the contact of plunger L with a beveled 
edge on pawl H which disengages the V-shaped end of the 
pawl from a groove in lever G and, a t  the same time, pushes 
back spring plunger I, thus allowing finger F to drop away 
from block E. The pawl H serves a s  a locater for the work 
and, when disconnected from lever G, it swings down and the 
work is pushed into the chuck by plunger L which is held in 
the advancing turret. After a piece has been inserted in the 
chuck, the cross-slide, as it moves outward, brings trip K 
against casting M which, through the combined action of 
lever G, pawl H, and spring plunger I, closes the work-carrier. 
The piece in the chuck is forced in against a spring plunger 
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Big. 2. Xagaxinr Attachment for Pinion Staff8 

held by feed finger N. This spring plunger ejects the work 
when the machining operation has been finished and the chuck 
is opened. 

Feeding Attachment for Pinion Staffs.-The magazine 
feeding attachment shown in Fig. 2 was designed for handling 
pinion staffs of the form illustrated by the dotted lines in the 

upper right-hand corner of the illustration. The chute C is 
supported by a bracket B which is attached to a boss provided 
on the automatic screw machine for holding special attach- 
ments. The bracket A is attached to B and carries the mecha- 
nism for feeding the pinion staffs successively to the place 
where they can be removed by the transferring arm. The 
two main parts of the chute are grooved to fit the pinion 
staffs, so that the latter are held in the correct position. The 
operation of this attachment is as follows : The chute is filled 
with pinion staffs and the lower one is held back temporarily 
by trip F. This trip is connected to link G, which carries a 
pin that engages a slot cut in lever H (see detailed view). 
Lever H has fastened to its upper side a trip-lever plate I the 
inclination of which may be varied. When the transferring 
arm swings upward, it is stopped in the correct position by 
set-screw I ,  which engages stop K, the arm itself bearing 
against plate I and forcing it back, together with lever H. 
This action, through connecting link G, operates trip F and 
allows one piece to drop into the pocket formed at the end 
of this trip. The transferring arm carrying a split bushing D 
then advances and pushing back the nest L passes over the end 
of a pinion staff and grips it. The transferring arm then 
recedes and swings down to the chuck in which the pinion 
staff is placed. When the transferring arm descends, the 
spring N returns trip-lever plate I and lever H to their former 
position. Trip-lever F also swings back in order to catch an- 
other piece, the pinion staff in the trip being deposited in the 
nest L ready for transferring to the split bushing D the next 
time the transferring arm ascends. 

Magazine Attachment for Narrow Bushings. - The nar- 
row bushings shown at A, Fig. 3, are blanked out and drawn 
in a die to the shape shown; they are then turned, faced, and 
threaded (as indicated at B) in an automatic screw machine. 
Two separate operations are required, but the magazine at- 
tachment shown in this illustration is used for both. The 
bushings are placed in the inclined slide or  chute, and the 
lower one is retained temporarily by a finger i, which is held 
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upward by spring k, the exact position of the finger depending 
upon the adjustments of set-screw j which engages a pro- 
jecting end. The transferring arm, which removes the work 
from the lower end of the chute and conveys it to the chuck, 
has a swinging or circular movement, as indicated by the 
dotted line. The work is gripped as the holder (shown in 
detail at C) advances, and then, as the transfer arm starts 
to swing downward toward the chuck, the finger i is depressed, 

Fig. 3. Magazine Attachment for Handllng Parts Shown at A and B 

thus allowing the bushing to slide out of the chute. The 
work-holder has a taper shank b which fits into the main body 
c. On this body is held a ring d through which a pin is driven. 
The pin h in this ring d fits into an elongated hole in body c 
and enters spring plunger e. A slot in body c receives a flat 
spring g, which is provided to grip the work securely. This 
spring also compensates for slight variations of diameter. 

The degree of inclination for chutes of magazine attach- 
ments varies from 20 to 60 degrees and depends upon the 
size and shape of the work. The chute should incline at a 
greater angle for small work than for large work. The chutes 
of attachments used for handling flat pieces, such, for exam- 
ple, as might be cut out in a blanking die, are usually held 
in a vertical chute instead of one that is inclined. 

Hopper Feeding Mechanism for Screw Blanks.-The 
automatic feeding mechanism to be described is used on a 
thread rolling machine of the type having straight dies be- 
tween which the blanks are rolled to form the threads. The 
faces of the dies are in a vertical position and one die is given 
a reciprocating motion in a direction a t  right angles to the 
axis of the screw blank. The automatic feeding mechanism 

Fig. 4. Hopper-feeding Mechanism for Screw Blanhr 

shown in Fig. 4 is arranged to transfer the screw blanks from 
the hopper A to the dies at  B in such a way that each suc- 
cessive blank is in a vertical position when caught between 
the dies. The hopper A, which is a t  the top of the machine, 
is equipped with a plate or center-board C which passes 
through a slot in the bottom of the hopper and is given a 
reciprocating motion by a gear-driven cam. This center-board 
has a vertical slot extending along the upper edge (see detail 
sectional view) which is a little wider than the diameter of 
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the screw blank bodies. As the center-board moves up through 
the mass of screw blanks, one or more of these blanks are 
liable to drop into the slot and hang suspended by their heads. 
If a blank does not happen to be caught for any one stroke 
of the center-board, the mass of blanks is disturbed and it is 
likely that one or more blanks will fall into the slot on the 
next successive stroke of the center-board. 

As some blanks are picked up while in a crosswise or other 
incorrect position, an auxiliary device is employed to dis- 
lodge such blanks. This device consists of three revolving 
wheels at D which have teeth like ratchet wheels. The ar- 
rangement of these wheels is shown by the detailed view. 
The center wheel, which is the smallest, revolves above the 
heads of the blanks which are moving down the slot of the 
center-board in the proper position, as indicated at E. The 
two outer wheels, which are larger than the central one, re- 
volve close to the outer edges of the center-board. If a blank 
is not in the correct position, it will be caught by these wheels 
and be thrown back into the hopper, but all blanks that hang 
in the slot pass between the outer wheels and beneath the 
central one without being disturbed. After the blanks leave 
the center-board, they pass down the inclined chute G, which 
is provided with a guide F that holds them in position. As 
each successive blank reaches the lower end of the chute, it 
swings around to a vertical position and is caught between 
the dies which roll screw threads on the ends. 

Feeding Shells with Closed Ends Foremost.- The possi- 
bilities of mechanical motion and control are almost bound- 
less, if there is no limit to the number of parts that may be 
incorporated in a mechanism, but as complication means higher 
manufacturing cost, and usually greater liability of derange- 
ment, the skillful designer tries to accomplish the desired re- 
sults by the simplest means possible; it is this simplifying 
process that often requires a high degree of mechanical 
ingenuity. The feed-chute shown in Fig. 5 illustrates how a 
very simple device may sometimes be employed to accom- 
plish what might appear at first to be difficult. This is an 

attachment used in conjunction with a n  automatic feeding 
mechanism for drawing shells in a punch-press. These shells 
are fed from a hopper, and it is essential to have them enter 
the die with the closed ends down. If a shell descends from 
the hopper with the open end foremost, it is automatically 
turned around by the simple device shown. The view to  the 
left illustrates the movements of a shell which comes down 
in the proper position or with the closed end foremost. In  
this case, the bottom of the shell simply strikes pin B and, 
after rebounding, drops down through tube C. If the open 

Pig. 5. Slmple Attachment of an Automatic Peedins YIechmlsm for Turning 
Shells Which Enter Open End Foremost 

end of a shell is foremost, as illustrated a t  the right, it catches 
on pin B and is turned around as the illustration indicates. 
If a shell enters the die with the closed end upward, the draw- 
ing punch will probably be broken. 

Feeding Bullets with Pointed Ends Foremost.- An attach- 
ment for feeding lead bullets or slugs t o  press tools with the 
pointed ends foremost, regardless of the position in which the 
bullets are received from the magazine o r  hopper, is illustrated 
in Fig. 6. This attachment is applied to a press having a 4%- 
inch stroke. The bullets enter the tube A which connects 
with a hopper located above the press. An "agitator tube" 
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moves up and down through the mass of bullets in the hopper 
and the bullets which enter the agitator tube drop into tube A. 
As each bullet reaches the lower end of this tube, it is trans- 
ferred by slide C (operated by cam D attached to the cross- 

Fk. & Attachment for Hopper Peediw Hech.ni.m Whlch Dellrsn bu 
Balletr to r Di.1 Feed Plate with Pointed Endr Foremort 

head) to a position under the rod E. The rod-holder L is 
also carried by the cross-head. Whenever a bullet enters tube 
A with the rounded or pointed end downward, it is simply 
pushed through a hole in dial F and into feed-pipe G leading 

to the dial feed-plate of the press. This feed-plate, in turn, 
conveys the bullets to the press tools where such operatioils 
as swaging or sizing are performed. 

The arrangement of dial F is shown by the detailed sec- 
tional views a t  the lower part of the illustration. Whenever 
a bullet enters the dial with the pointed end foremcst, the 
plungers H are pushed back against the tension of springs J 
and the bullet drops into the tube beneath. If the blunt or 
flat end is foremost, the plungers are not forced back, and as 
rod E is prevented from descending further, it simply moves 
upward against the tension of spring K a s  the cross-head con- 
tinues its downward motion. A mechanism is provided for 
turning dial F one-half revolution so that every bullet that is 
not pushed through the dial will be turned around with the 
pointed end foremost before it drops into the feed-tube G. 
This rotary motion of the dial is derived from a rack M at- 
tached to bracket L, and a pinion N with which the rack 
meshes. The location of the dial is governed by an index 
plate 0 and a plunger T which enters one of the notches in the 
index plate; the latter is attached to dial F. A clutch P (see 
also detailed sectional view) is fastened to sleeve R. Fiber 
friction washers S are used to prevent breakage in case any- 
thing unusual should happen. 

When the cross-head descends, the rack M revolves the 
clutch in the direction shown by the arrow. When within1 
onequarter inch of the lower end of the stroke (this position 
is shown in the illustration), the rack M strikes lever U and 
disengages the index plunger T. The rack descends far  enough 
to give it time on the return stroke to  move dial F sufficiently 
to prevent the returning index plunger from re-entering the 
hole it just occupied. On the return stroke, the lost motion 
of the rack in its bracket provides time for the withdrawal 
of rod E before dial F is revolved. This lost motion can be 
adjusted so that the highest point of the upward stroke is 
reached just as dial F has turned 180 degrees, thus bringing 
the other index slot in line with plunger T. If the rack should 
move too high, the friction washers S will allow for this excess 
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movement by slipping. This half revolution of dial F turns 
a bullet that is not pushed through it end for end, so that 
it drops down in the pipe G with the pointed end foremost. 
The slide C is returned for receiving another bullet from tube 
A by the action of spring W which holds the slide roller firmly 
against the cam-plate D. 

Feeding Shell8 Successively and in Any Position.- A feed- 
ing mechanism designed to feed shells or cartridge cases one 
at a time and in any position is shown in Fig. 7. Owing to 
the weight of the heads of cartridge cases, they may readily 
be arranged upon a table heads downward, and the particular 
mechanism to be described is arranged for changing the shells 
from a vertical to a horizontal position before dropping them 
into a trough by means of which they are conveyed to the 
operating tools. The table A upon which the shells are placed 
is slightly inclined so that the shells readily slide towards a 
horizontal disk B which is rotated constantly by a belt and 
pulley. As the disk revolves, the shells are carried towards 
the funnel-shaped mouth of a guideway C where there is a 
wheel D having teeth of irregular form. This wheel is re- 
volved in the same direction as disk B so that it continually 
pushes back some of the shells and prevents jamtning. The 
shells which move too near the center of disk B to enter the 
mouth of the guide-way are carried around until they meet 
the edge of an inclined fence E, which is just above the disk 
near the center, but is arched near the periphery so that shells 
can pass under it. This fence causes the shells to move out 
towards the circumference of disk B, so that they may enter 
the guide-way as they again come around. 

Just beyond the wheel D there is a feed-wheel F which has 
teeth of regular form that fit between the cartridge cases. 
This wheel is rotated in the direction shown by the arrow, so 
as to feed the shells forward at a definite rate along the guide- 
way C. This guide-way, excepting at the mouth, is only 
slightly wider than the shell diameter, so that all the shells in 
it form a continuous and orderly row. The guide-way may 
be curved gradually in any direction, so that the shells which 

enter it with their axes vertical may be turned to any desired 
position as they pass along. As previously mentioned, the 
guide-way, in this case, changes from a vertical to a horizontal 
position. At the end of the guide-way there is a pair of 
stops that act alternately to allow one shell to issue a t  a time 
from the guide-way. The first stop consists of a pair of 
fingers G which rise up through the floor of the guide, and the 

- -- - 

Ng. 7. Xecbmtrm for AutomatieaUy Feedla& Sbrllr Oae at r Time 

second stop is in the form of a gate H which moves down in 
front of the foremost shell of the row. These two stops are 
carried on a pivoted frame J so arranged that, as the gate rises 
to allow the foremost shell to  pass from the mouth of the 
tube, the fingers G rise in front of the second shell to hold 
back the whole row. The frame I is connected with a lever 
K which is intermittently rocked by the cam L. The succes- 
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sive shells drop into the trough M as they are discharged from 
the guide-way. 

Feeding Shells Successively and Gaging the Diameters. - 
The mechanism described in the following is part of a cart- 
ridge-making machine, and its function is to  feed cartridge 
cases or shells from a tube, one at a time, and provide means 
of detecting shells having heads that are over the standard 
diameter. The shells are placed heads downward onto a fixed 

Fig. 8. Yschan1.m for F w d i n ~  Shells Succesdrsly md OWng the Diamrterr 

table from which they are pushed by hand onto a revolving 
disk A, Fig. 8. This feed disk operates on the same general 
principle as the one illustrated in Fig. 7. As each successive 
shell passes from the guide-way of the revolving disk, it is 
placed directly over a push-rod B. This push-rod is pivoted 
to the end of a lever which is oscillated by a cam, thus causing 
the push-rod to move vertically through a guide C and through 
one of the slots D formed in the periphery of the feed disk A. 

Each time the push-rod B moves upward, it pushes a shell 
into the end of tube E. This tube has two gravity fingers P 
and, as the shell rises, its rim lifts these fingers and separates 
them far enough to allow the rim to pass; the fingers then 
drop back behind the rim and prevent the shell from falling 
when the push-rod recedes. When this push-rod makes the 
next successive stroke, the shell lifted by it pushes the first 
shell up into tube E which is bent over to form an arch and 
terminates at El. 

When the vertical section of tube E is filled and the shells 
passed over the top of the arch, they fall open end first down 
into the vertical section El.  Just below the end of tube El,  
there is a device for releasing the shells one at a time. This 
consists of a three-armed lever G, which is pivoted at H and 
is given an oscillating or rocking movement by vertical rod 
J having a roller in contact with cam K, against which the rod 
is held by a spring. As lever G oscillates, it withdraws, alter- 
nately, two fingers L and M which project into the passage- 
way for the shells. These fingers are withdrawn against the 
tension of suitable springs and the upper one catches the 
cartridge shells by the rim, whereas the other one extends 
beneath the open end. When the upper finger is withdrawn, 
a shell drops against the lower finger and, when the latter is 
withdrawn, this shell is released and, at the same time, the 
upper finger moves in and prevents the next successive shell 
from dropping out until it is released by the backward motion 
of finger L. As each successive shell drops, it passes through 
a gage N and then falls over one of the vertical pins 0, which 
are equally spaced around the periphery of the machine table. 
This table is revolved intermittently in order to locate the 
shells beneath a series of tools carried by a tool-holder having 
a vertical reciprocating motion. 

Attached to  the rod J ,  there is a bar P the movements of 
which are steadied by a bar Q mounted in suitable guides. The 
bar P carries a spring plunger R having a beveled end which 
engages a beveled surface as shown; consequently, as rod J 
and bar P are lifted by cam K, plunger R is pushed back far 
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enough to clear the rim of the descending cartridge. When 
rod J descends, however, plunger R moves inward and bears 
downward on the head of the cartridge beneath it, thus push- 
ing it through the gage N and onto one of the series of pins 0. 
If the rim of a cartridge should be so large that it would not 
readily pass through the gage, the resistance overcomes the 
tension of the spring that holds J into contact with the cam, 
and the cartridge remains in the gage until the next stroke of 
the machine. As the table moves around, the attendant will 
notice that there is a pin without a shell upon it and, there- 
fore, he will remove the next successive shell, because, ordi- 
narily, the shells are not so large as to resist being forced 
through the gage by a second stroke of the push-down bar P. 
If an exceptionally large head will not pass through the gage, 
the machine must be stopped and the shell removed by hand. 

Feeding Mechanism for Taper Rolls.-The device here 
described was designed for taking taper rolls, of the kind used 
in roller bearings, from a hopper, selecting these rolls, and 
feeding them small end first into a centerless grinding ma- 
chine. The hopper used is of the type generally applied to 
thread-rolling machines. The center board is arranged with 
a V-groove in place of the usual slot, and the rolls are picked 
up and allowed to slide down into the selecting mechanism 
lengthwise. 

The mechanism is shown depositing a roll R (see Fig. 9) 
into the fixture ready for the feed-bar K to come back and 
pick it up. The feed-bar is actuated by a cam on the oppo- 
site end of the machine (not shown in the illustration). The 
body A of the fixture is fastened to the hopper by a bracket. 
Sliding on body A are two plates B and C, retained by gibs. 
These plates are moved inward by pawls D and outward by 
compression springs E. Pawls D are oscillated about pivot 
pins F by the action of the cam surfaces G on slides H which 
are dovetailed into the body. 

Recessed into slides H is a dog J. Another dog L is at- 
tached to feed-bar K, and is held in adjustment by clamp W. 
Pivoted in the body is a bellcrank M, the forked end of which 

m. 9. Detice for Feeding Taper Roll8 Into Centerleu Orlndllly Ha&w 

straddles dog J, while the ball end meshes with a fork on the 
escapement pawl N. The function of the escapement pawls 
N and 0 is to cut off the feed of the rolls, as they come down 
from the hopper, and allow them to  slide down one a t  a time 
on plates B and C. 

In  operation, the fixture works as follows: Feed-bar K is 
shown in its maximum "in position," and a roll R has been 
deposited ready to be picked up by the feed-bar on its return. 
Plates B and C are in their open positions, and escapement 
pawl N is shown holding back the rolls in the feed-tube. As 
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the feed-bar returns, one of the projections on dog L engages 
dog J and carries slides H outward, forcing plates B and C 
inward through the action of pawls D which ride on the cam 
surfaces on slides H. 

As dog J continues its outward movement it engages a prong 
on bellcrank M, causing it to pivot in the body and oscillate 
the escapement pawl enough to allow one roll to slide out on 
plates B and C. The remaining rolls in the line are retained 
in the feed-chute by pawl 0, which bears on the top of the 
following roll. As feed-bar K completes its stroke, the roll 
at R is fed down by a finger (not shown), and the feed car- 
ries it between the grinding wheels on its return stroke. While 
the feed-bar is on its return stroke, the outer projection on 
dog L engages dog J, carrying the slides H inward. 

Pawls D ride down the cam surfaces on the slides, and the 
compression springs E force plates B and C outward. Dur- 
ing this outward movement of the plates the small end of the 
roll tilts downward, and as the plates continue to move apart, 
the small end drops through, leaving the roll suspended by 
its large end between the plates. The plates continue out- 
ward, allowing the roll to drop small end first through the 
feed-chute into the position R. Meantime bellcrank M is 
engaged by the dog J and oscillates pawl N downward. Pawl 
0 is carried up and the rolls slide forward against pawl N, 
thus completing one cycle. 

Revolving Magazine on Feeding Attachment.- The auto- 
matic feeding attachment shown in Fig. 10 has a revolving 
carrier of magazine B for holding the blanks to be operated 
on. This attachment is used for feeding the blanks from 
which the barrels for watch springs are made. The shape 
of these barrels, which are about % inch in diameter, is indi- 
cated at M. The magazine wheel B is recessed, as shown 
by the side view, to form a pocket for the blanks, and it is 
provided with slots around the edge in which the blanks fit, 
as indicated at N. The blanks are inserted in the attachment 
or magazine wheel through slot C which connects with pocket 
D. The wheel B is rotated by a belt which transmits motion 
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from a pulley on the front camshaft t o  a pulley located on 
shaft S. As these two pulleys are of the same diameter, the  
magazine wheel rotates at the same speed as the front cam- 
shaft. The blanks, as they are carried around by the wheel, 
drop into slide H and from there into a pocket in a bushing 
held by a carrier. The block I of this carrier (see enlarged 
detail view) is counterbored to receive a bushing 0 which 
contains plunger P, and the bushing is cut out to receive the  
spring fingers E. These fingers are attached to plugs F which 
are held in drilled holes in block I. The bushing 0 is free to 

L I 
Pig. 10. Yatazlne Attachment of Revolring 

slide in block I and is held back by spring G, which bears 
against a pin driven into the bushing. A s  a btank rolls down 
the slide H, it is deposited in bushing 0. The cross-slide 
upon which the attachment is mounted then advances to 
locate the blank in line with the hole in the chuck. When i n  
this position, the turret advances and a stop on it pushes 
plunger P forward, thus forcing the blank from the fingers 
E and depositing it in the chuck. The  spring Q which re- 
turns plunger P is made much heavier than the spring G used 
for holding back the bushing 0. The object of this arrange- 
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ment is to insure that the bushing will be pushed out close 
to the face of the chuck before the plunger forces the blank 
out of the spring fingers. 

Self-contained Automatic Dial Feed.-In this design, 
which is for power presses, the necessary indexing and lock- 
ing movements are obtained by very simple means through a 
self-contained mechanism which can be mounted on a press 
or  removed from it quickly, without drilling holes in the 
press or  attaching connecting-rods, levers, or other operating 
parts, to the crankshaft. A simple chain connection with the 
punch-holder provides the motions required for unlocking 
the dial and indexing it to the next station or working position. 

The upper end of this chain A (see Fig. 11, which is partly 
diagrammatic) is attached to extension B on the punch-holder, 
and the lower end connects with indexing lever C. A s  the 
end view shows, the chain passes around a guide pulley D. 
The swinging movements of lever C about its pivot E are 
utilized in conjunction with gpring ccmtrols, as described 
later, to unlock, index, and again lock dial F. 

Pawl G is used for indexing dial F, and pawl H for lock- 
ing the dial so that each successive die is accurately located 
relative to its punch and the dial is held securely during the 
working stroke. How the indexing and locking movements 
are derived will now be explained by describing the action 
of the different parts during, first, a downward and then an 
upward stroke of the ram. 

The dial is shown in its normal o r  locked position. As 
the ram moves downward, the horizontal part of the chain 
moves in the direction indicated by the arrow (see also upper 
view, Fig. 12) and spring J turns lever C around its pivot E. 
The locking-pawl release-lever K is normally held against 
stop-pin L in locking pawl H, by a light spring M, as shown 
in Fig. 11, but when the projection N on lever C engages 
lever K, as shown by the upper view Fig. 12, lever K turns 
about its pin, allowing C to pass. Pawl H, however, is not 
disturbed, the dial remaining locked. 

This turning movement of lever C also withdraws indexing 
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pawl G preparatory to  the next indexing movement. The 
central view in Fig. 12 shows the relative positions of the 
parts when the ram is near the bottom of its stroke. The 
projection N has passed lever K,  thus allowing leven K to 
swing back to its position against stop-pin L. Meanwhile, 
ratchet G has withdrawn nearly a space and a half around 
dial F. 

As the upward stroke of the ram begins, the movements 
are, of course, reversed, as indicated by the arrows in the 
lower view, Fig. 12. The chain connecting with the punch 
is now pulling lever C in the opposite direction. While pawl 
G is moving from the position shown in the central view 
around into engagement with slot 0, the dial is unlocked by 
the engagement of lever C with K,  which, in turn, acting 
against pin L, swings pawl H back to the position shown by 
Jhe lower view. The continued movement of lever C, acting 
through pawl G, indexes the dial, and just before the ram 
reaches the top of its stroke, lever K clears projection N, 
thereby allowing the larger and more powerful spring P, Fig. 
11, to swing pawl H into the locking position against the 
tension of the lighter spring M. This completes the cycle of 
movements. 

I t  will be noted that the important motions required for 
unlocking and indexing are derived from the positive action 
or pull of the chain. This dial feed is used on a press that 
runs at 90 revolutions per minute. I t  is advisable to  have 
a hard wood brake Q to assist pawl H in preventing the dial 
from over-running at the end of the indexing movement. 
Two guide pins R assist in aligning the punch and in keeping 
all parts together when the attachment is removed from the 
press. A hardened steel plate S takes the thrust of the punch- 
ing, forming, or  drawing operation. Spring P is 5 inch in 
diameter, 4 inches long, and made of 0.060-inch steel wire; 
spring M is 5/16 inch in diameter, 2s inches  long, and made 
of 0.035-inch wire; and spring J for the indexing lever is 1 
inch in diameter, 4 inches long, and made of 0.080-inch wire. 

The   articular dial feed illustrated was designed for use 
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on a standard press having a 2-inch stroke, and it is used in 
assembling small locks requiring a number of operations, such 
as bending lugs, upsetting pins, etc., the work being indexed 
successively under the different punches (not shown) attached 
to the punch-holder. Locating gages or pockets are attached 
to plate F and the completed parts are ejected in front by air 
pressure. Plate F also serves as a bolster plate in order to 
provide ample die space. 

The ease and rapidity with which this dial feed can be 
placed in position or removed from the press is an important 
feature of the design, as it can be applied or  removed as 
quickly as an ordinary die having leader or guide pins. Owing 
to the simplicity of the design of this mechanism, it costs little 
to construct, so that it is practicable to have a number made 
for different operations or parts, the self-contained feeding 
mechanisms being interchanged on the press, the same as dies. 

CHAPTER XVIZ 

DESIGN OF AUTOMATIC FEEDING MECHANISMS 

WHEN an automatic machine designer has solved a great 
many problems during the course of his experience, he reaches 
a point finally where he does not need to do so much experi- 
menting before originating a plan or  design for a certain 
operation. Two experienced men, however, working on the 
same problem will seldom decide upon the same method of 
handling, yet both solutions may be equally good. 

Two jobs may be similar but they are not often exactly 
alike. A machine may have been designed and built for a 
certain operation, and the designer may be called upon to  
design another for a piece of almost the same shape. A small 
difference may make it necessary to use an entirely different 
method of handling. When experimenting with a model, 
if  it is found that it works properly without a slip or failure 
under every test, it may be considered satisfactory, but when 
it fails to function just once, the trouble must either be over- 
come or a different scheme tried. I t  is best to develop an  
idea along lines that previously have been found successful, 
whenever this is possible, but for much of this work there is 
no precedent, and a new idea must be worked out to suit the 
case. Take nothing for granted, until i t  has been proved. 

A customer may say, "I want tc dump all these three sizes 
of pieces into a hopper and have them come out through three 
chutes separated according to their size. Can you do it?" 
Assuming that the designer is confronted with a case of this 
kind (which is by no means uncommon) it may be best t o  
answer the question by asking another, for example: "Why 
don't you separate them first as they come from the manufac- 
turing machines, and keep them separate?" There may be 
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conditions which prevent this, but usually much can be done 
to simplify a design by adopting improved methods for pre- 
vious operations. Many people think that one can do any- 
thing with an automatic machine, and while there is some 
truth in this, the cost may be prohibitive. One complicated 
machine can sometimes be designed for several operations 
on a difficult piece of work, but it is always expensive and 
likely to get out of order. I t  is nearly always better to use 
two or three simple machines than to make one complicated 
one, for in the latter case, when anything goes wrong with 
the machine the entire production stops until the trouble is 
overcome. The careful designer considers these points before 
he starts actual work. 

A designer is frequently called upon to handle and arrange 
pieces that are dumped into a hopper and many times a much 
simpler arrangement could be used by starting at the begin- 
ning of the problem instead of in the middle. Any piece of 
work that is made in a machine is removed from it in a uni- 
form manner, and if, after completion, these pieces are to be 
packed in a carton, package, or box, the feeding into the 
packing machine can be greatly simplified by devising a simple 
arrangement to apply to the machine that does the manufac- 
turing. Such a device can often be made to stack the pieces 
into a removable carrier or magazine which can then be at- 
tached directly to the packing machine. The nature of the 
work sometimes prohibits the use of anything of this sort, but 
it is well to keep it in mind as a possibility. 

In the selection of pieces from a mass, there are several 
principles frequently used : Gravity, vibration, oscillation, ro- 
tation, and centrifugal force. Some kinds of pieces will fall 
by gravity, perhaps assisted by vibration of inclined planes 
or hoppers. Others need to be oscillated in order to disturb 
the mass and change the arrangement continually. The prin- 
ciple of rotation is often applied in many ways. Centrifugal 
force can be applied successfully to separating devices, but 
its application in automatic machine design is seldom appred 
ciated by the average designer. Gravity and vibration are 

probably most used, yet both of these methods must be applied 
properly to secure positive results. If we should place a single 
piece of work of a given shape in a fixed position on a n  in- 
clined plane, we know that it will slide downward if the 
angle is great enough, but if  other pieces are in contact with 
it, we cannot tell what may happen. Several examples will 
be shown to indicate the advantages of prearrangement of 
pieces before handling. 

Feeding Shallow Boxes Top Side Up.- At A in Fig. 1 is 
shown a cup-shaped wooden disk which is to be passed through 
a machine and the depression filled with a composition. Our 
problem calls for feeding the pieces in such a way that they 
will always come through the machine cup side up. If they 
are arranged in a stack as a t  B, the matter is quite simple, as 
they will drop easily into the carrier C ready for any other 
operation. 

If we are required to handle the pieces from a hopper, the 
first step is to  flatten them out so that they will slide edgewise 
down a chute, as indicated a t  D. T o  d o  this, they may be 
placed on a vibrating inclined plate E so that they pass through 
the opening at F into the chute. An oscillating brush at G 
can be used to disturb the pieces and break up any fixed ar- 
rangement. When the pieces have passed through into the 
chute D, the cup sides will not face in the same direction- 
some will be one way and some another. Referring to  the 
enlarged view at H, the end of the chute is seen at K with 
one piece L entering the selector, and another following it at 
M. The selector revolves intermittently in the direction shown 
by the arrow at N. There are six slots equidistantly placed 
in the edge of the selector, and a guard plate covers its face, 
as shown at 0 in the sectional view. A s  the selector revolves, 
it takes one piece at a time from the chute and carries i t  
around to the point P. If the piece has entered in the position 
shown at Q, it drops down through the chute R, but if it has 
entered in the reverse position as a t  S, i t  is carried around t o  
the next station T and drops through the other chute U. 

The mechanism governing this is simple. The revolving 



474 FEEDING MECHANISMS 

selector V has at each one of the six slots a spring plunger 
W, at the end of which there is a hardened roll X which 
travels around the circular plate Y. This plate is continuous 
except at the point P, where it is interrupted. If the cups 

face in the direction 0, the light spring behind plunger W 

simply throws the piece out into the chute at R, but if the 
cup lies as at S, the plunger enters the cup and prevents it 
from dropping until the selector has passed that point. Be- 
fore reaching T, roller X rides up again on plate Y, thus 
withdrawing the plunger and allowing the piece to drop into 
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chute U. It is only necessary to twist the chutes R and U in 
opposite directions, making a quarter turn, to have both pieces 
come out facing the same way at the bottom of the chutes, at 
which point they can be easily handled as required. The 
spring behind the plunger must be very light in order to  pre- 
vent friction when the pieces slide out. 

. - 
I looHI)arv 

Fig. 2. Inclined Tray Method of Feeding Piece# Into a Chats 

Considerable expense can be saved by using trays in which 
to  arrange the pieces before feeding them into the machine, 
instead of using a hopper. Fig. 2 shows at A a form of tray 
that can be used, the pieces being rapidly spread out by hand 
so that only one layer is in the tray. Some of the pieces will 
be right side up, as shown at  B, while others will be upside 
down, as a t  C. If the tray is made with one end D so  that 
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i t  can be pushed back far enough to allow one piece a t  a time 
to  come through, this opening will serve as a gate, and the 
tray can be set up on an incline and against supports at  E and 
F, so that the pieces will drop down one at a time into the 
chute G. From this they can go into the selector as in the 
preceding case. 

Feeding Mechanism for Plain Flat Disks.- Let us take 
another example of a disk A (Fig. 3) .  This is just like the 
other, except that it has no depression and could be handled 
from the hopper or  from a stack by means of a reciprocating 
slide, a s  shown at C in Fig. 1, or by a rotating selector with- 
out the plunger. If flat pieces are being handled which are 
to  be packed in bottles or boxes, the preceding method would 
be much too slow. Assuming that the tablet shown at A is 
to  be deposited in a bottle, thirty pieces by count, it would 
be out of the question to use any such method as that men- 
tioned. The pieces are to be dumped into a large hopper, 
several thousand at a time, as the requirements for produc- 
tion are such that not more than one second can be allowed 
for  counting and putting them into the bottle. I t  would be 
difficult to make a counting device to operate as rapidly as 
this and with certainty, but the pieces could be weighed, or 
they could be arranged thirty in a row approximately 11% 
inches long, as shown at  B. If they could be arranged this 
way, it would still be difficult to keep the chute full and deliver 
the pieces as rapidly as required. 

If the pieces are dumped into a hopper, the previously 
demonstrated methods can be employed for making the parts 
come through an opening flat side down on an incline great 
enough so that they will slide down it to a gateway shown 
a t  C. This gateway is open a t  D over a rubber-faced disk E 
which revolves slowly. A guard strip F runs across the re- 
volving table at an angle, and there is also a guard at  G, the 
lower end of which blends into the chute H. From point 
K to L there is just room enough for thirty pieces to lie. In 
operation, as the pieces drop through on the disk at D, the 
circular movement combined with gravity causes the pieces 

to roll rapidly down the incline and into the chute H until 
they have filled it completely. They will then back up against 
the guard G until relieved by the opening of valve M. This 
is timed so that, as it opens, another valve at N closes. As 
there are four o r  five pieces 0 still in contact with the rubber 

Big. 3. Principle Applied in Counting a Large Rombm of Pieces 

face of the disk, these will receive a rapid movement from 
it, pushing out those ahead so all the thirty pieces will shoot 
into the mouth o f  the bottle P. 

Care must be taken in designing a mechanism of this sort 
to work out the important points by means of a model, as 



478 FEEDING MECHANISMS FEEDING MECHANISMS 479 

otherwise it will not function satisfactorily. A slight change 
in the angle of the guard plates, chutes, and the speed of the 
rotating disk make a great difference in the operation, but if 
the principle is understood, it is comparatively easy to make 
up a simple model which can be used for demonstrating pur- 
poses and to obtain the right relation of the various guards 
and chutes. 

Filling Small Boxes with Tablets.- Fig. 4 shows at  A a 
pasteboard box containing twenty-four disk-shaped tablets. 

Pig. 4. Method of Packing Pieces Into Boxes 

They are arranged in the box in layers, as  shown a t  B. The 
problem is to take the pieces from a hopper, arrange them in 
the box as shown, and put on the cover E. The production 
required is not less than twenty boxes per minute, and there- 
fore not over one second must be consumed in putting in each 
layer. Arranging the pieces and putting them in the box is 
not particularly difficult, but we must also feed the boxes and 
covers into position and put on a cover. It is advisable to 
use two sets of chutes for the two lavers in the box: this can 

be done easily enough, although care must be taken t o  pro- 
vide a sufficient supply so that both chutes will be kept full 
and still have a reserve. By using two chutes, one layer is 
put into the box which then moves over to the other chute and 
receives the second layer. If the chutes are arranged properly, 
the production time will be only that required for putting in 
one layer. 

The arrangement for feeding is simple, and needs but a 
brief description. The tablets lie in a nesting device, a part 
of which is shown at F. They are held back by a rubber cowl 
G, and lie between guides shown in the end view H. These 
guides are open at the bottom and contain long steel fingers 
K, having a hook on the end at L. A t  the proper time these 
fingers move forward over the box M, pulling with them the 
tablets, which pass under the cowl G. The fingers K then 
move backward again, and as they do so, the cowl G restrains 
the pieces from following, and they drop into the box one 
after the other in their proper arrangement. I t  is advisable 
to make the fingers lie as close to  the top of the box as pos- 
sible, in order to minimize the amount of drop. 

Let us now consider the handling of the box and cover. As  
both of these are rectangular and regular in shape, it is not 
difficult to arrange a feeding device fo r  them, but the putting 
on of the cover is more difficult. If we take up one thing a t  
a time, and decide to load the boxes from a stack, as shown 
at  A in Fig. 5, we must realize that even with fifty boxes t o  
a stack, a new magazine full would be required about every 
two minutes and a half. Therefore, it may be well to arrange 
for an indexing holder B containing six magazines, which can 
be quickly removed and replaced when empty. A device can 
be made which will index the table one station at every fifty 
strokes, either (1) by using a ratchet and pawl and a dog, 
which will drop into an index-plate a t  the proper time; (2) 
by putting exactly fifty holders on the conveyor belt and using 
a suitable dog on the side to index the table; or (3) by means 
of a cam. The first or third method is  to be preferred. 

The conveyor belt C removes the boxes one at a time by a n  
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intermittent movement, and carries them along to the first 
loading station D, at which point the first layer of tablets is 
put in by the method previously described. The conveyor is 
arranged with cross-pieces E spaced only a trifle further apart 
than the width of the box. As it passes under the magazine 

Fig. 5. Peeding the Bore8 Into the Machine and Putting on the Covers 

it stops, allows one box to drop, and continues to do this 
regularly. The next step is to put on the cover. 

Placing Covers on Boxes.-By arranging the covers in a 
stack of similar form to that used for the boxes, a reciprocat- 
ing slide can be used to remove them from the bottom of the 
stack, as shown by the diagram at F. Fig. 5. The cover G 

drops into the slide H and lies on top of two flexible rubber 
strips K which prevent it from falling through. A t  the proper 
time, the slide reciprocates and takes the position shown by 
the dotted lines at L, the cover then being directly over a box 
full of tablets shown at M. A pusher N lies directly over the 

C - F L r n l U  WWL 

Flg. & Other Yethod. of  Putting Coverr on Bore8 

cover, and is used to press the latter down on the box. The 
control of this mechanism is obviously very simple and does 
not need detailed description. 

There are other ways of putting on a cover, one of these 
being indicated in Fig. 6 at A. Here the chute is set at such 



482 FEEDING MECHANISMS 

an angle that one side of the cover hangs low enough to be 
caught by the edge of the box B as it passes under it. A.light 
rubber or cloth cowl at C drags over the cover as the conveyor 
pulls it through. This device might be satisfactory if it did 
not depend on gravity for the operation, but unless the covers 
are fairly heavy there is a possibility of a miss now and then. 

The lower view shows still another method often used for 
picking up pieces of this sort. Here the covers fall down 
a curved chute and come to rest as indicated. A perforated 
suction plate picks up one cover by vacuum, moves it over 
to the box and presses it down by a vertical movement of the 
ram. This device is rather more complicated than the others, 
but could be made very satisfactory. The pneumatic method 
of handling can often be used for conditions of this kind, 
but care must be taken with any materials that lie close to- 
gether and that are somewhat porous, as there is always a 
possibility of the suction going through more than one piece 
and picking up two, when only one is wanted. 

I t  will be noted that in working out this problem it was 
considered in unit form, and attention has not yet been given 
to the power application. Often a great deal of unnecessary 
trouble is caused by the designer attempting to decide upon 
the method of driving and timing up a unit during the prog- 
ress of the design. The units can be designed and located 
from the preliminary freehand sketch, and after their posi- 
tions have been settled, the main driving shaft cams, levers, 
etc., can be placed most advantageously. 

CHAPTER XVIII 

HOPPER DESIGN FOR AUTOMATIC MACHINERY 

WHEN materials are to be handled in bulk, they are often 
dumped into a hopper, from which they are removed through 
an opening in the bottom. I t  is difficult t o  classify the various 
kinds of hoppers and divide them rigidly into groups, but by 
considering the kinds of materials handled, we can make an 
arbitrary distinction sufficient for our purpose. The follow- 
ing list covers the types most commonly required: 

1. Granular materials, which flow readily. 
2. Liquids of all kinds, heavy or  light. 
3. Plastic materials, such as cement, asphaltum, and other 

mixtures, candy in certain forms, cream cheese, flour dough, 
etc., some of which are sticky or  spongy. 

4. Disk-shaped or oval pieces of uniform size and shape. 
5. Cylindrical or  conical pieces of uniform size or shape. 
6. Irregular shapes of various kinds. 
The first thing to consider in the design of a hopper for 

materials of any kind which are to be handled in bulk, is the 
general shape of the material; and the next, the manner in 
which the pieces or materials can be taken from the hopper- 
that is, their arrangement as they issue from it. Problems 
connected with these two points are some of the most impor- 
tant in automatic machine design, for upon their correct solu- 
tion the functioning of the machine is largely dependent. A 
hopper may be cylindrical, conical, rectangular or any other 
shape best suited to  the material. The different conditions 
encountered can best be understood by citing a few examples. 

Hoppers for Different Substances- Granular substances, 
unless they are very irregular (as might be the case if the 
material is formed in crystals) will fall down almost any 

483 
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kind of an incline and through almost any form of opening. 
Liquids, of course, will do the same, but for pasty or gummy 
substances a gravity feed is usually impractical, and the ma- 

Fig. 1. Bumplrr of Hoppsrr Vaed for Granular Yntedalr 

terial must be forced through the hopper by mechanical means. 
Disk-shaped or oval pieces are often fed by gravity and re- 
moved by inclined chutes. In such cases it is frequently neces- 

sary to use an agitator or some other form of mechanical 
feed to keep the flow constant. Cylindrical or conical pieces 
are very likely to clog in a hopper, and must be stirred up 
continually or agitated to prevent lodging. In some cases 
it is not even possible to use a regular form of hopper, and 
the pieces must be spread out on a large inclined plane. In  
analyzing a given condition, think first of the arrangement of 
pieces as applied to the method of handling after the work 
has passed through the hopper. 

Examples of Hopper Design. - Fig. 1 shows several ex- 
amples of different forms of hoppers, to illustrate the man- 
ner in which the material passes through the hopper and is 
discharged from it. In example A, the hopper B is of pyra- 
midal form. The material has no tendency to wedge or crowd, 
but flows readily in a continuous stream to the bottom of the 
hopper at which point an adjustable gate or valve D controls 
the amount passing through. If handled on a belt moving in 
the direction F, the material will naturally spread out as shown 
at E, so that it can be carried and delivered in the quantities 
required. Side guards can be used (as shown by dotted lines) 
if desired. In example G, one side of the hopper H is straight 
and the other is angular. Often the space available makes 
it more convenient to have a hopper of this form. In the 
other direction, the sides may be straight, as at 2, or tapered, 
as at W. A valve at L permits adjustment according to re- 
quirements, and the material is deposited on the belt M. Care 
must be taken in proportioning the opening of the hopper so 
that too wide a mass is not distributed on the belt, as shown 
at X, for in a case of this kind there would doubtless be con- 
siderable loss as the belt moves along. 

In example 0 a somewhat objectionable form is indicated 
at P. With certain materials there might be no great objec- 
tion to this form, but when handling anything of a heavy 
nature, the weight of the rectangular mass at  Q might be 
sufficient to deflect the belt, as shown at V, thus causing 
variable amounts to pass by the valve R. Assuming that the 
belt travels in the direction of the arrow, the material would 
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be drawn out at S and carried away as needed. With a wide- 
mouthed hopper like this, a great deal of pressure is con- 
tinually being exerted by the column of material above the 
belt, and this pressure varies according to the quantity of 
material in the hopper. Conveyors for this sort of material 
are often made concave and lie on three rollers, in which case 
no guards are required, as the concave form keeps the ma- 
terial from falling off. 

I n  Fig. 2, the example shown at  K is a pyramidal hopper 
L containing a granular material M which is to be removed, 

Fig. 2 Oarrded Hoppers for Otmular Sulmtmcea 

carried upward, and discharged at point P, intermittently. 
A plain belt conveyor is used, and on this are fastened at equal 
spaces, the clips 0 which hold the material and prevent its 
rolling down the incline. The guards on each side at N lie 
close t o  the cross strips and have leather or rubber ends which 
prevent loss of material. This type of hopper is useful when 
granular materials are to be fed in approximately uniform 

quantities and carried from one level to another. The ex- 
ample illustrated was used to remove bulk candy and transfer 
it to a higher level, where it was spread out into distributing 
chutes. 

Valve Arrangements in Connection with Hoppers. - The 
example shown at  Q, Fig. 2, is quite different in its general 
form, although the material is held in a hopper R of the ordi- 
nary form. The lower part o,f the hopper is narrowed so 
that the material passes down through i t  in the form of a rec- 
tangular column. A rotating valve T having six openings 
of equal size is located as shown, and one portion of the 
hopper U extends down around the valve. When in the posi- 
tion shown, the material fills the compartment shown upper- 
most and the guard U prevents the previously filled compart- 
ment from emptying until it is nearly upside down. The 
buckets V pass along under the valve, and a given quantity 
of the material is emptied into each bucket as it goes by. 
The movement of the buckets may be regular or intermittent, 
and the rotation of the valve can be easily controlled by means 
of projecting arms on the buckets, as  shown in the side view 
at W. These arms can be made adjustable and placed so that 
they will strike a spider X and carry i t  around a given dis- 
tance as they move along. In  designing devices of this kind, 
it is a good plan to make the length of the arms adjustable and 
the positions of the striking portions on  the buckets also ad- 
justable, in order to compensate for slight variations in move- 
ment. 

Another form of valve arrangement which is independent 
of the movement of the buckets, but is timed to suit their 
progress, is shown in Fig. 3. The usual form of hopper A 
carries the material B in the pyramidal portion, but the lower 
part is rectangular and quite long, being so proportioned that 
its contents will fill one of the buckets N. The valves C and D 
lie in guides at the top and bottom of the rectangular portion 
of the hopper. In the upper valve, there is an opening E, 
and in the lower an opening F, the two openings being so 
placed that when orie is in line with the hopper the other is 
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closed. The arm G, pivoted at K, connects the valves by 
sliding joints at  H. Lever L connects with rod M, which 
pivots on block 0 in slotted disk P. A reciprocating move- 
ment is transmitted to lever L, as the disk revolves. 

The kind of material that is being handled determines 
whether a small amount of leakage is permissible or not, but 
in normal cases the slide valves can be made of cast iron or 
brass working in guides of steel. Careful fitting is not usually 

required on this kind of work, but the guides should always 
be long enough to permit a free sliding movement and good 
alignment. 
Continuous Rotary Hopper Valves. - In the example 

shown in Fig. 4, a continuous rotary feeding device is shown. 
The hopper 0 and the valve P are similar to that shown at Q 
in Fig. 2, but the operation is by means of a ratchet gear R 
mounted as shown. The arm T has a pawl on it at S so ar- 
ranged that it engages with ratchet R. The disk X is slotted 
at W, and the block V is adjustable in the slot to control the 

movement of lever T through the connecting-rod U, as in a 
preceding example. The disk is driven by a chain from the 
sprocket Y, and the buckets Q are controlled in their move- 
ment by suitable gears or sprockets and chain running from 
the same shaft. When two separate units are to be timed 
accurately, a chain drive or gearing should always be used. 

Fig. 5 shows a form of rotating hopper valve which may 
occasionally be found useful when quantities are to be meas- 
ured and deposited accurately in buckets or other receptacles. 
The hopper A contains the material B which flows downward 
until it enters the section H of the rotary valve. There are 

six chambers H arranged radially about a center on which the 
valve rotates. The entire valve mechanism is supported by 
brackets C and D arranged according to the general design 
of the mechanism. The valve plate F fits closely against the 
under side of the hopper, and in each compartment there is 
a hole leading directly into the throat of the hopper. The 
plate G also has a series of corresponding holes, but there is 
only one opening in plate K from which the chute t leads. 
As the buckets M pass under the spout L the indexing mecha- 
nism operates at the proper point and discharges the contents 
of one of the compartments into the buckets, as indicated. If 
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small quantities only are delivered and if the conveyor move- 
ment is proportioned properly, the materials can be dumped 
without stopping the conveyor, but for larger quantities it 
may be necessary to use intermittent gears or some other con- 
venient method to stop the movement for a moment when the 
valve L is open to insure delivering the required amount. 

The operating mechanism of this device is very similar to 
one previously described, the lever 0 being attached to  3 
pawl working on a ratchet gear, the movement of which is 
controlled by the rod N which pivots in block R. The disk 
P has a slot in which the block may be adjusted to govern the 
movement of the pawl. By driving shaft X from the bevel 

gear S by means of the ring gear T, the "take off" for the 
conveyor comes from the same shaft through sprockets U and  
V connected by a chain. Naturally, the location of the various 
driving units is dependent largely upon the general design 
of the machine and the other portions of the mechanism which 
must be driven. I t  is, of course, essential that all units which 
must function in a certain relation to  each other must be con- 
trolled from a single shaft. When accurate timing is not 
necessary, intermediate gears and lever movements can some- 
times be used to simplify the design. 

Hoppers for Liquids. - So far we have considered only 
the hoppers used for materials that flow readily by their own 
weight, and as liquids of thin consistency are led through the 
hoppers in much the same manner, we will consider the prob- 
lems arising in their handling. Although granular substances 
and liquids will both flow readily, there is considerable differ- 
ence in the valve arrangements. I n  granular substances, a 
small amount of leakage around the valve is not serious, but 
when liquids are handled, more attention must be paid to this 
feature. Several points of importance should be noted: 

1. The nature of the liquid, its value and its consistency 
are matters that affect the design of the valve mechanism. 
Waste and cleanliness do not go together; if you were to see 
any machine handling liquids which were dripping all over 
it, you would not think the machine thoroughly efficient. I t  
is not a good plan to  allow surplus material to run down o r  
overflow into a tank or  tray arranged t o  carry it off, unless for  
one reason or  another the liquid must be flooded over the re- 
ceptacle. conditions of this kind are sometimes found in the 
making of molded products in order to be sure that the molds 
are thoroughly filled. A thin liquid will flow readily through 
a valve which can be shut off by suitable mechanism without 
difficulty, but a heavier fluid may drip all over the machine 
and the receptacles unless a suitable valve is  used. 

2. The distribution of the product into containers affects 
the design of the valve. Measuring valves are most com- 
monly used for controlling the flow of liquid. When the valve 
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opening is very small, the pressure of the outside air may be 
sufficient to prevent the liquid from flowing unless a "vent" 
is provided. I t  is usually necessary to provide some means 
also for controlling the drip from the spout to prevent waste. 

Pig. 6. Containerr and Valrsr D e m e d  tor Thin Llpuid. 

Valves Used for Thin Liquids. - Fig. 6 shows several 
forms of valves used for thin liquids. Some of these are good, 
while others are objectionable. At A the hopper C is of angu- 
lar form. A point of importance is the variable pressures 
caused by small or large quantities of liquid in the hopper. 
The method of supply makes considerable difference in the 

design of the hopper, and it is quite common to find a cylin- 
drical form used with a conical bottom leading to another 
cylindrical portion as shown at E. 'If the liquid is poured 
into the hopper from time to time, the pressure on the valve 
is variable, but if it flows into the hopper through a supply 
pipe, a float valve can be easily applied which will shut off 
and open the pipe as the liquid falls o r  rises in the container. 
By this means the pressure can be kept nearly uniform, and 
better results can be obtained. The type of valve shown in 
this example is unsuitable for use in handling liquid. The 
valve F slides backward and forward through guides of sim- 
ilar form to those used in handling granular substances, but 
it is almost impossible to make a mechanism of this kind tight, 
and the liquids will drip out at L and run down over the sides 
of the containers below. If the fluid is sticky, it may cling 
to the outside, as shown at  M. If not, it will run down the 
sides and get all over the machine. I n  cases where the ends 
of the valve are covered, material is likely to collect there and 
cause trouble in cleaning. 

The form shown at  B is considerably better, as the hopper 
N terminates in a spout 0, and the fluid is held back by a 
hinged shut-off valve P which fits tightly against the face of 
the opening. As this valve is operated it cuts off the supply 
in such a way that there is only a small amount of drip. This 
can be caught without difficulty by the containers, and al- 
though a few drops may remain with the heavier variety of 
liquids, those that are thin will not drip to any great extent. 
This form of shut-off valve is very frequently used and is 
recommended for its simplicity. 

A form that is adapted to a variety of uses is shown at R 
in the same illustration. The hopper U contains a liquid which 
flows in the lower part and against the valve W which pre- 
vents i t  from passing through until the valve is opened. The 
valve seat X is fastened to the lower part of the hopper, and 
the angular surface of the valve keeps it tight. The rod V 
is guided as shown, and is connected by a sliding joint to an  
operating rod. This is pivoted in a bracket which may be 
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attached in some convenient way, depending upon the des~gn 
of the machine. The connecting-rod G has a roller H at the 
lower end which contacts with the cam shown. The roller is 
kept in contact with the cam by the spring D which thrusts 
against the collar K on the shaft. As the cam revolves in the 
direction shown by the arrow, the valve is opened and the 
liquid flows down over the conical portion Z and into the 
container. The spring D closes the valve quickly when the 
roller drops off the cam, but the spring must be fairly stiff in 
order to  make a tight joint. The enlarged detail at S shows 
the construction of the valve seat and the valve. The conical 
surface should be made as narrow as possible, as it is easier 
to keep it properly fitted if this is the case. 

When any sort of liquid is to be handled through a valve, 
it is very important that the construction permit quick and 
easy removal of the units for the purpose of cleaning. This 
point is of great importance when handling any sort of food 
product or any liquid that has a corrosive action on the metal. 
The selection of metals used in valve construction is also an 
important factor in the design. Stainless steel can often be 
used in valve work. 

Experiments will usually show the effect of a fluid on a 
certain kind of material, but it is important to have all con- 
ditions that will obtain in using the machine fulfilled when 
making the test. Rubber is sometimes used for valves, and 
in such cases replacements should be made as easy as possible, 
because frequent renewals are necessary. A designer who 
does not consider such points as these fails in the essentials 
of good design. When considerable labor is necessary in re- 
placing a certain part subject to wear, or when cleaning the 
machine after the day's work, this labor is just so much lost 
time that might have been avoided by greater forethought in 
designing. 

CHAPTER XIX 

MAGAZINE FEEDING ATTACHMENTS FOR 
MACHINE TOOLS 

THE magazine attachment in any automatic machine must, 
first of all, deliver the work, even if it should be of irregular 
form, in a uniform manner. Some pieces are much more diffi- 
cult to handle than others; for example, the bevel gear forg- 
ing A, Fig. 1, is larger and therefore much heavier at one end 
than at the other. Also, as it is a forged piece, it may have 
fins, seams, or other small projections which will interfere 
with smooth movement. Obviously, a straight-guide maga- 
zine cannot be used for this piece, assuming that it is to be 
machined on centers or  in a chuck. In  any case it must be 
delivered from the magazine with the same side always in a 
given position. When irregular pieces are to  be handled in 
a magazine, the greatest care must be used in planning the 
arrangement, in order to prevent wedging, interlockng, or 
cramping of any kind. Such conditions may develop from 
many causes, such as too much or too little clearance in the 
magazine guides, or a lack of forethought in arranging the 
pieces. Also, if forgings or  castings are made from several 
dies or patterns, they will likely vary somewhat and cause 
trouble in feeding. 

The first step in designing a magazine for an irregular 
piece is to look carefully at its general shape, the size of the 
fillets, and the location of seams, fins, or  raised numbers which 
may prevent a smooth rolling movement. I n  considering the 
work shown at A, we know that it will undoubtedly have fins 
longitudinally where the dies part; that fillets will be in evi- 
dence at the junction of the head with the stem; and that it 
must be delivered from the magazine in about the position 
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shown. It is often necessary to find the approximate center 
of gravity of a piece in order to determine whether it will 
be likely to overbalance if handled in a certain way or in a 
particular position. Usually this can be determined by laying 
the work on a straight edge, such as a ruler or scale, or even 
by balancing it on the finger, and then marking the approxi- 
mate center of gravity with a piece of chalk. 

A sample piece is not always available in the preliminary 
stages of design, but an approximation can be obtained graph- 
ically from a drawing of the piece or from a wooden model 

I 

I r-l 
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which can usuaIly be made in a short time. When gravity 1s 
used entirely for feeding the pieces, the possibilities of friction 
must not be overlooked, as much trouble is caused by neglect- 
ing this important factor, particularly when the pieces are 
arranged to slide down an inclined plane or when they rub 
against each other in the magazine. All surfaces which come 
into contact with the work o r  on which it slides, should be 
made narrow in order to  reduce friction to a minimum. 

In determining the shape of a magazine for a given piece, 

several sketches should first be made of different schemes, 
and then a careful examination will usually show which idea 
is most practical. The use of paper, pasteboard, tin, and 
wooden models will often lead to an excellent development of 
an idea, the operation of which, on paper, might be prob- 
lematical on account of unforeseen conditions. By this means 
it is possible to determine, without great expense, whether a 
certain mechanical contrivance will function properly. 

One of the most important points in machine design is 
the elimination of the element of chance in the operation of 
some unit. A design may look all right on paper and may 
be mechanically correct, yet when i t  is built, some unfore- 
seen condition may prevent it from functioning properly 
without more or less expensive changes in the construction. 
If the actual operation of a unit could be seen before i t  is 
built, many troublesome factors would be eliminated. The  
designer will do well to experiment with simple inexpensive 
models whenever there is an element of doubt regarding the 
working of a mechanism. 

Designing a Magazine for a Bevel Gear.- Having consid- 
ered the arrangement of pieces so that they will come to  the 
carrier in the desired position, we have only to decide upon 
the best design of magazine. Gravity feeds are unsatisfactory 
for some kinds of work, and it is necessary to resort t o  
mechanical operation. However, this is seldom required in 
magazines for feeding bar work, forgings, or  castings of the 
sort being dealt with. There are several ways in which 
forging A, Fig. 1, can be fed. One form of magazine is 
shown in Fig. 2, the plan view clearly showing the general 
arrangement of the guide plates. I n  the right-hand elevation 
the magazine is shown emptying a piece into carrier A in 
which it is clamped by spring B and carried over to the centers 
at C on which it is to be turned. The  clamp is withdrawn, 
as shown at D, after the chucking. In this magazine the 
upper pieces are held back by the shutter mechanism E. A n  
adjustable stop for the carrier is provided a t  F. 

The fillet at the point where the stem of the forging joins 
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the head might cause trouble unless clearance is provided. 
If there were only a small fillet, there would be no trouble, 
but a large one might result in wedging and stop the progress 
of the pieces through the magazine. If designed with suffi- 
cient clearance to take care of all possible variations, there 
would doubtless be no trouble with this design. The general 

Pig. 2, Bumple of Der lp  for Bevel OIU Yagazine 

construction of a magazine of this sort needs no particular 
comment, but it is advisable to make the back plate and one 
side plate adjustable so that the magazine can be set to suit 
varying conditions. 
Magazine Used for Two Operations. - Example B, Fig. 1, 

is a small bronze casting which is to be fed from a magazine 
and faced, turned, and bored while held by stem D. In an- 

other operation, the work is to be held on a plug and gripped 
on the large finished diameter while the other side is finished 
and the chucking stem cut off. Assume that a magazine 
adjustable to suit both operations is highly desirable, as the 
work is to be done in a special chucking machine and the 
device used in connection with the turret. The magazine 

Fig. 3. T m e t  Lame Magazine for Feeding Caatins B, Pig. 1 

should be set in such a position that a t  one complete revolu- 
tion of the turret the chucking device would receive work 
from the magazine. The turret would then move forward 
and allow the piece to be gripped by the chuck jaws. 

Fig. 3 shows the general arrangement of a suitable maga- 
zine for this piece, and its position with respect to the turret. 
It is loaded from the front of the machine by the operator, 
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who can obviously attend to several machines without diffi- 
culty. Sufficient details of construction are shown for the 
designer to understand, but most important of all are the 
principles involved, as these can frequently be applied to other 
work of a similar kind. Magazine B should be supported in 
some suitable manner, depending upon the type of machine 
and the position in which the magazine is held. In  this case 
bracket C is fastened to a pad at the back of the machine and 
on it is mounted a structural steel channel M, to the upper 
part of which angle-irons N are fastened. These extend for- 
ward and are riveted to the sheet-metal guides of the magazine. 
It is usually much better to arrange the supporting members 
at the back of the machine rather than in front for several 
reasons, one of these being that there is less likelihood of 
interference with the working parts of the machine, and an- 
other, that, when so situated, it is not in the way of the 
operator. 

The magazine chute is constructed of sheet steel, bent to  
shape, and is slightly inclined to allow the pieces to roll down 
easily to point D, at which position the first piece is supported 
by the hinged valve E. The turret chucking device F is 
fastened to the face of the turret, and has metal guides G 
and H at each side. The two locating pins K should be made 
adjustable to take care of variations in the size of the pieces 
handled. On the upper side of the turret, a trip L is located 
in such a position that when the turret is indexed to the loca- 
tion shown, the trip strikes valve E and opens it, as indicated 
by the dotted lines, thus allowing one piece to fall down into 
nest F. After the piece has dropped, the turret moves for- 
ward and carries the work to the chuck, which should be air- 
operated and have jaws of suitable form to grip the stem 
ready to machine the part. After the work has been done, 
the jaws should open automatically, and the piece drop down 
into the bed of the machine, leaving the chuck ready to re- 
ceive another piece. Coil springs 0 allow for variations in 
placing the work in the chuck. 

In designing a magazine and carriers of this sort, the de- 

signer must follow through the entire process carefully, always 
keeping in mind that when one piece is removed from the 
magazine another immediately takes its place, and so pro- 
vision must be made to receive it and not permit i t  to follow 
the first piece into the carrier. When springs are applied for 

Fig. 4. Turret Latbe Yagaxlae Plnced Directly Over the Sptndle 

closing magazine valves, a little experimenting is sometimes 
necessary to obtain the proper form of spring and one that 
has the required strength. Also locations of pins on which 
the work rests may not always be correct, and then the piece 
will not be properly centered for chucking. Therefore, it is 
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generally better to make such points adjustable so that suit- 
able settings can be made without difficulty. 

Magazine Located Above Spindle.- Another magazine 
for placing work in the chuck is indicated by the diagram 
Fig. 4. This magazine is for parts of the general form 
shown at B, Fig. 1. Here the chute A is arranged above the 
spindle, and is supported by brackets B The design of the 
chute is much the same as in the previous example, but the 
work comes down and rests against a double valve instead of 
a single one. Turret C comes forward at the proper time 
with a carrier D having projecting fingers E above it which 
open the valve and allow the work to drop into the nest on 
the turret. A continuation of the turret movement carries 
the work forward to the chuck jaws. The dotted diagram 
in the lower part of the illustration shows the position of the 
work in the carrier after dropping and before chucking. In 
almost every form of magazine, the carrier or chucking device 
design is controlled by the shape of the work and the form 
of the chute. When mounted on the turret and used to push 
work into a chuck, such a device must be flexibly mounted 
if the nature of the work requires that it should be pushed 
back firmly into the chuck jaws. When this is not necessary, 
the movement can be controlled by the cam that operates the 
turret. 

Magazine Placed at Rear of Machine.-A magazine for 
application to the rear of a machine is shown diagrammatic- 
ally in Fig. 5. The mounting is similar to those used for bar 
or other work held on centers. The work lies in the chute 
with one piece over another, and the lowest one either resting 
on carrier A or in the chucking position B. With this arrange- 
ment the necessity for a spring valve is obviated, although the 
carrier must have suitable provision for keeping the pieces 
vertical, and also spring releasing members C which will allow 
the work to pass into the chuck when pushed by a device on 
the turret. The carrier is equipped with adjustable work s u p  
ports D. The design of any magazine should nearly always 
be of open construction for several reasons: I t  is easy to 

see when the magazine needs refilling; it is not likely to become 
clogged with dirt; and it is cheaper to make than a closed form. 
There are cases when the closed form is preferable, but seldom 
on this kind of work. Sheet metal can be bent without diffi- 
culty into various forms and readily riveted or  brazed together, 
which makes it a desirable material from which to construct 

Fig. 5. Magazine Dealgned tor Same Part as that In Flg. 4 but for 
Application to Rear oi Machine 

chutes. The inside surfaces should be kept smooth by using 
countersunk-head rivets, where necessary, or  better still, by 
designing the magazine in such a way that rivets do not pass 
through walls where moving parts are carried. 

Supports for the magazine should nearly always be made 
adjustable to provide for variations in castings or forgings. 
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More than one adjustment is often necessary for the size of 
the work and its relation to the carrier. When a gravity feed 
is used, it is not always necessary to support the magazine 
rigidly, but when mechanical feeding devices are applied, the 
supports must be rigid enough to carry out the operation with- 
out undue vibration. 

Friction Between Rolling Parts.-Friction surfaces 
should be made as small as possible consistent with good 
design, always bearing in mind that line or  point contacts with 
the work are to be preferred. Pieces that are to roll into 

Fig. 6. Effect of Prictlon on the Rolling of Partr in Magazine 

position should be fed in a chute having a sufficient incline 
so that they will roll freely. Care must always be taken with 
circular pieces having long surfaces that come into contact 
with each other, as shown in Fig. 6. Pieces A, considered 
one at a time, would roll down a slight incline unless they were 
badly distorted. However, when in a group, the first one 
starts to roll and gets away from the others, as shown at  B, 
but a grain of sand or small chip in front of one of the others, 
as at C, may prevent it from starting because of the resistance 
a t  this point and the friction of the contact at points D. Of 

course, i f  the angle of the incline is great enough no trouble 
will be found, but while a 5-degree angle is sufficient to carry 
a single piece i t  is advisable to make the incline steep enough 
to prevent any possibility of sticking. 

The importance of a smooth-working positive valve action 
for releasing pieces from a magazine should be emphasized, 

Fig. 7. Dsriga for Handling the Tophear7 Forging C, Fig. 1 

for on the correct admission of the pieces to the carrier de- 
pends the success of the entire mechanism. Cases are found 
where springs, rubber bumpers, or  sheet rubber "cowls" are 
necessary at the mouth of the magazine. 

Feeding Forgings of Irregular Shape. - Piece C, Fig. 1 is 
to be machined on centers that have previously been drilled. 
Assume that a faceplate driver is used with an air-operated 
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device for driving the work by gripping the ball-end, a float- 
ing movement being provided to allow for variations in the 
distance between the shaft center and the ball. There are 
several &eresting problems connected with designing an at- 
tachment for this piece. First, the faceplate must be stopped 
a t  a specified position in relation to the work, in order that 
the arm may enter the holding device properly. 

The magazine for this work must be different from any 
of the previous examples, as the pieces are so heavy at  the 
ball end that they cannot be balanced on the cylindrical por- 
tion. Therefore a special arrangement of guide rails and 
guards is necessary, as shown at  A, Fig. 7, in which the pieces 
rest on kni fe-edges B with a guard C and D at each end spaced 
far  enough apart to allow clearance. Another guard E pre- 
vents the piece from tipping out of position. These pieces 
cannot be held in a vertical chute because the overhanging 
ends would strike each other and cause incorrect positioning. 
However, they can be held in guides at an angle of 45 degrees, 
as shown at F, and while they will not roll they will slide 
easily down this incline without wedging or cramping. 

There is a necessity for a stop arrangement at the lower 
end of this device similar to a valve, but this can be of trigger 
form to allow one piece to come through and stop the others, 
as  shown in the enlarged diagram at  H. There are two slid- 
ing cut-off blades K and L, both of which are controlled by a 
movement of lever M which is attached to a pivoted shaft. 
To  this shaft another lever 0 is connected in such a way that 
when carrier G comes into position for a load, it strikes the 
end of lever 0 and pulls it over, thus withdrawing blade L 
and letting one piece of work fall into the carrier. At  the same 
time blade K is moved up to prevent the next piece from fol- 
lowing. When the carrier returns again, spring R pulls lever 
0 forward returning blade L into place and withdrawing blade 
K. There is an adjustable trip I on the carrier. Care must 
always be taken to design shut-off mechanisms with suffi- 
cient adjustments so there will be no difficulty in timing up 
the movement. 

CHAPTER XX 

DESIGN OF MAGAZINE CARRIERS AND SLIDES 

IN transferring parts from a magazine chute or  hopper to 
the cutting position in an automatic machine, a carrier or 
some other mechanical means is required, unless the work 
can be fed directly by gravity. The important factors in de- 
signing a carrier are shape of work, form of magazine, method 
of transferring work from carrier to holding units, and 
method of holding the work. If an automatic machine is to 
be designed for continuous work on the same piece day after 
day, it is not necessary to provide adjustments, except for 
taking up lost motion and wear. However, it is well to re- 
member that a standard product may be redesigned and that 
even minor changes in size or  shape may make it necessary 
to adapt the machine to new conditions. I t  is nearly always 
possible, without much extra expense, t o  provide for such 
contingencies in designing, and it is therefore advisable to 
make locating points, guides, stroke of carrier, etc., adjustable 
within reasonable limits. 

Points Involved in Designing a Carrier.- Let us consider 
the conditions encountered in designing a carrier for deliv- 
ering bars from a magazine to a chucking device in which 
the work is held on centers and gripped on the outside by 
floating jaws. The easiest way t o  determine the points of 
importance in developing any design is to consider the things 
that must be done. In this case, the work must fall from the 
magazine into the carrier, which must move over toward the 
supporting centers, and at  the end of the travel, the work 
must be pushed out of the carrier and gripped by the chuck; 
the carrier must then move back into position for receiving 

507 
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another piece from the magazine. It  is evident that the work 
must be properly located in the carrier and perhaps held in 
a fixed position while the carrier moves forward to the chuck- 
ing position. At this point any device used for holding the 
work must be positively released, leaving the work free to 
be pushed forward as required. Provision must also be made 
for returning the carrier without interfering with the piece 
that is left on the centers. 

It will be assumed that the magazine delivers the work to 
the carrier in a position parallel to the axis of the centers on 
which it is to be placed. The problem, then, is to move the 

n. L Diyrrms S h o r l q  Pr0p.r and Impropa Yathodr of 
Dellruin# Bu Work to Centm 

work in the carrier from the magazine toward the front of 
the machine, until it reaches position A, Fig. 1, which npre- 
sents a plan view. At this point it is pushed forward out of 
the carrier by a movement of the tailstock center, until it is 
located on the two centers and gripped by the floating jaws 
of the chuck. 

The carrier must not interfere with the longitudinal move- 
ments of the work nor cause it to assume an incorrect posi- 
tion in relation to the centers or the chuck. At B is shown, 
exaggerated, a condition that might obtain if the work were 
located improperly in the carrier. In such a position, the 

centers would not enter the countersunk ends of the work and 
trouble will result. Of course, the centers will align work 
when it is not badly out of alignment, but they can only 
justify a certain amount of error. Then, again, the work 
may be parallel with the centers, but above, below, or  at  one 
side of them, as shown at C. Such a condition should exist 
only when the carrier supports are poorly designed, allow- 
ing chips or dirt to collect on the bearing seats, or when the 
adjustments for the carrier movement are loose or  incorrectly 
set 

Carrier Supports. - Several examples of carrier supports 
for bar work are shown diagrammatically in Fig. 2, that at 

Fig. 2. Examples of Dineren2 Methods of SapporU2~ Cylindrical 
work in carriers 

A being a plain V-form with one portion hinged at D to per- 
mit its withdrawal from the work after the latter has been 
placed on the centers. This design can easily be made adjust- 
able by slotting the hole provided in the swinging piece for 
the hinge-pin, thus permitting a change in the relation of the 
two sides of the vee to suit different diameters of stock. A 
spring E is needed to hold the hinged portion in position, and 
this spring must be stiff enough so that it will not be depressed 
by the weight of the work. I t  must be so located as not to 
interfere with other parts of the mechanism. 
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In example B, the work is supported on two pins, one of 
which must either be of a spring-plunger type or held in a 
portion of the carrier that is hinged as in the preceding ex- 
ample. There are some advantages obtained in using a con- 
struction like this. I t  is simple and not likely to get out of 
order nor change its position in an operation. Another ad- 
vantage is that the pins do not collect chips o r  dirt and can 
easily be replaced if worn o r  broken. Also, it is easy to pro- 
vide an adjustment for various kinds of work. 

In the final example C, the carrier is provided with two 
strips F, both of which may be made adjustable, or  one fixed 
and the other adjustable, according to conditions. This ques- 
tion depends somewhat on the arrangement used to regulak 
the stroke of the carrier. If the stroke is not adjustable, both 
jaws of the vee must be adjustable, as otherwise they could 
not be arranged to receive and center the work properly. In  
this type of carrier also, one of the jaws must be hinged to 
allow easy withdrawal after chucking. 

Examples of Carrier-slide Design.- Fig. 3 shows the ar- 
rangement of the magazine, carrier-slide, and carrier on an 
automatic machine handling bar stock. The work falls from 
the magazine to carriers A which are mounted in slides B. 
These slides, in turn, rest in saddles at C, which are adjust- 
able lengthwise on a dovetail way extending longitudinally a t  
the rear of the machine. The  carriers and slides are moved 
back and forth across the machine by the bar D which passes 
through a boss at the rear of each slide. This construction 
permits longitudinal adjustment of the slides without dis- 
turbing the feeding mechanism. 

Another construction is illustrated in Fig. 4, in which car- 
rier A is a steel bar which is adjustable on slide B. The latter 
part is an iron casting, ribbed for stiffness, and dovetailed to 
fit saddle C. A taper gib D .provides adjustment for wear. 
Carrier-slides should always have a long bearing in the sad- 
dles, extending out if necessary, as a t  Y, with an extension 
on the saddle serving as a support. The shaft used to  move 
the carrier-slides backward and forward passes through the 

hole in boss E, and is a sliding fit in the hole so that the car- 
riers may be readily adjusted for long o r  short work without 
disturbing any other mechanism. 

Saddle C can be adjusted along dovetail F, after loosening 
gib G, which should again be tightened when the desired posi- 
tions are reached. Adjustment of the carriers on the slides 
is possible by means of the slotted holes H. Portion J of the 

Fk. 3. Arrrngemmt of the hlrgarlne, Cmier-rlide, and Carrier 
on an Automatic ldachins 

vee into which the work falls is hinged and supported by a 
flat spring as before, a slotted hole again permitting adjust- 
ments for diameter. Stud S limits the upward movement of 
jaw J. The dotted lines at K illustrate the operation of the 
swivel jaw when withdrawing from work placed on the ma- 
chine centers. 

In detail X, the magazine supports a re  dovetailed a t  L to 
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receive the carrier-slide M to which the carrier N may be 
fastened in any convenient way, so long as it is adjustable to 
some extent. There are both advantages and disadvantages 
in this construction, one advantage being that there are fewer 
pieces in the mechanism and adjustments are therefore sim- 
plified. The magazine supports must extend farther to the 
rear in order to give a long bearing to  the slide. One dis- 
advantage is that as the relation between the carriers and 
the magazine guides must always be the-same, no adjustment 
is possible. A change in relation can only be obtained by sub- 
stituting an offset carrier or adding special filler blocks be- 
tween the slide and carrier to bring the latter into the re- 
quired position. In designing this type of slide, the front 
face of slide M should be about in line with or a trifle back 
of the adjacent end of the work. In general, it will be found 
that the ideal construction is one in which simplicity is com- 
bined with a compact design requiring a minimum amount 
of space. 

Control of Camer-slides. - The movements of carrier- 
slides are usually controlled through levers actuated by a cam. 
The position of the camshaft, timing of the slide movements, 
and general method of operation are dependent to a large 
extent on the design of the machine. I t  is customary to use 
a single camshaft for controlling the movements in order to 
avoid the lost motion likely to occur if several shafts were 
used with intermediate gearing. With all movements taken 
from one shaft, it is much easier to regulate the timing and 
there is less possibility of a certain movement starting too 
late or too early on account of lost motion. 

One method of operating a carrier-slide is illustrated in 
Fig. 5. The work A is shown just as it has dropped from 
the magazine into carrier B. Shaft D extends through both 
carrier-slides and enters slots in operating arms C, which 
control the movements. Both arms C may be fastened to 
pivot shaft E by means of keys, pins, or set-screws. Lever 
F has a roller G at one end, which engages with a cam H, so 
proportioned as to give the required movements at the proper 
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time relative to other movements of the machine. Spring K 
keeps the roll in contact with the cam. The axis of the cam- 
shaft is in line with the work-holding centers. 

Safety Devices for Slides. - With automatic machinery 
there is a possibility that the work may not lie properly in the 
slide, and this will cause considerable damage unless some 

Pi&. 5. Dkpmmrtic V i m  Showla# One Method of 1m)utly thr 
Fomud md Retorn Xwamntr to the Curir 

provision is made to guard against such a contingency. It  
is well to anticipate such possibilities in designing by using 
the imagination and trying to conceive what the result would 
be i f  the piece did not fall properIy into the carrier. One of 
the simplest safety devices that can be used for carrier-slides 
is a friction clutch, so placed that it will not drive the mccha- 
nism if an excessive strain occlrrs. 

In Figs. 6 and 7 are shown examples of clutches suitable 
for such an application. In Fig. 6 the rocker-shaft is desig- 
nated by A, and on it are mounted levers B which control the 
carrier-slide, only one lever being shown. A friction collar 
C, with a leather disk D secured to its face, is keyed or pinned 

Pi& C Friction Clatch whlch may be Applied u a Safety Device 
to Curier Yachnnirma 

Pie. 7. Tao Priction Clatch Dedgna which muY be 
Uued with Carriers 

to the shaft. Lever F may be a steel o r  malleable-iron casting 
or a drop-forging, and is a running fit on the shaft. Roller 
H is held in contact with the cam in a manner similar to that 
shown in Fig. 5. 

The hand-knob L is used to compress coil spring K and 
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produce the desired friction in the device by forcing the face 
of the hub on lever F against the leather face of collar C. The 
friction should be sufficient to permit the transmission of 
power to shaft A under normal conditions, but the clutch 
faces should slip when undue resistance is met. As the power 
required for this particular movement is small, an excessive 
pressure is not needed. It  is an easy matter to regulate the 
friction by releasing or compressing the spring. 

For mechanisms in which only a slight pressure is required, 
a steel disk C working against a cast-iron surface D, as shown 
at A in Fig. 7, is often sufficient, the steel disk being pinned 
to the lever. Another clutch that could be used for the same 
purpose is shown at B. This is of the conical type, possessing 
considerable pulling power which, of course, is dependent on 
the angle, diameter, width, etc., of the faces. This type is 
more expensive than the leather-disk form shown in Fig. 6, 
and it is not as well suited to the purpose. 

Carriera for Irregular Pieces.- In handling symmetrical 
bar work, two parallel carriers of more or less fixed design 
are almost invariably used, but such forms are not often 
adapted to the handling of irregular work. Some of the im- 
portant points that apply in designing a carrier for this kind 
of work are as follows: 

1. The shape of the piece to be held; it is essential to use 
a carrier that will hold the work invariably in the position 
required for its proper transfer to the chuck. If the work 
is fed to the carrier by gravity, and if it is heavier at  one end 
than the other, provision must be made to prevent it from 
tipping or tilting to one side when entering the camer. 
2. The release of the work as it is transferred; if there 

is more resistance on one portion than on another, the piece 
may be forced out of position so that it will not locate prop  
erly in the chuck. The pressure of any springs used for hold- 
ing the work is often a troublesome matter. Experiments 
are frequently required before the most suitable form can 
be determined. 

3. The return of the carrier to the magazine for another 

piece; the carrier should not "drag" unduly on the piece that 
has just been chucked, and it should close as soon as possible 
after leaving the piece so as to prevent the accumulation of 
chips or dirt. An air blast can be directed on the locating 
surfaces just before a new piece of work falls from the maga- 
zine, but this is necessary only when a great many chips are 
formed. Chips and dirt can also be eliminated by means of 
suitable guards so placed that they will not interfere with the 
work. 

For certain kinds of irregular work, the carriers previously 
mentioned can be used, it being possible to make adjustments 
to suit conditions. When work of larger diameter is to be 
handled, however, another form is sometimes required, in 
which only one slide is used. Fig. 8 shows an example of 
this kind, which can be used when the magazine is arranged 
at the back of the machine. The work is contained in a ver- 
tical magazine A as indicated, and fed by gravity into carrier 
B. This piece of work has a chucking stem C, as illustrated 
clearly in the enlarged view Y, which is grasped in the jaws 
of a special chuck. As the work lies in the carrier, it is in 
front of the chuck, and so it must be pushed to the left to bring 
it into a position where the chuck jaws can seize it. This is 
accomplished by means of a pusher-rod on the turret of the 
machine and by a carrier design that readily releases the work. 

Attached to the front side of parts B and D are three leaf 
springs E, mounted as clearly shown in the enlarged detail. 
The springs are made of sheet metal, bent over on each side 
to form a lug F adjacent to the walls of the carrier and 
assembled with a pin to form a hinge. Another spring G 
normally holds each spring E upright. On the opposite side 
of the carrier from the chuck, are three guard plates H which, 
in combination with springs E and the vee, form a more or 
less flexible "nest" in which the work is held upright while 
it is carried forward into the chucking device. When the 
carrier reaches this position, the turret pusher-rod advances 
and pushes the work past springs E into the chuck. 

The carrier must make the forward motion without inter- 
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ference and must withdraw after the work has been chucked. 
In addition, it must hold the work approximately upright 
while moving from the magazine to the chucking position. A 
carrier having a wide range of adjustment is not always 
required for this kind of work, although it is advisable to 
provide a limited amount of adjustment to take care of normal 

Flg. 8. Curier in which the Work h Held by Xeam of S p r i n ~ s  
t h t  Open Up In Placin~ tbe Work in the ChucL 

variations in the size of work and to provide for minor 
changes in the design. This can be easily done by making 
member D separate from the carrier so that it can be moved 
backward or forward with relation to the other side of the vee. 

Occasionally the same device may be used for several pieces, 
while in other cases it must be made to suit the particular 
piece. The method of holding the work in the carrier and 

the type of chuck employed affects the design to some extent. 
A similar spring valve arrangement can be applied to various 
forms of carriers, whether the magazine is at the rear of the 
machine, near the chuck, or  above the turret. The require- 
ments are that the carrier shall locate the work properly for 
chucking, hold it securely while moving into position, and 
release it readily when placed in the chuck. 

Every form of carrier has its own peculiarities, and the 
designer must be continually on guard to  avoid overlooking 
some small matter that would vitally affect the functioning 
of the mechanism. For example, when protruding chuck 
jaws are used for holding the work, if the chuck is stopped 
in a certain position when the piece is inserted, the position 
of the jaws may affect both the carrier and the pusher by 
means of which the work is inserted in the chuck. Also, 
when the work is picked up by a moving chuck, it may be 
necessary to  so design either the carrier or the pusher that a 
certain portion can revolve while the work is being inserted in 
the chuck. Conditions like this tend t o  complicate the design 
and make it more difficult t o  avoid "hitches" in the operation. 

I t  is not possible to give much information of value apply- 
ing to conditions of this kind; the solution of such a problem 
is dependent largely upon the skill of the designer. Experi- 
ments with wooden or  other models are almost always neces- 
sary in order t o  develop a scheme that will produce satis- 
factory results. The preliminary idea can often be developed 
on paper in proper proportion in order to make sure that it 
can be applied to the machine, but in perfecting the design, i t  
is highly important t o  test it by using a working model. 
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SECOND VOLUME OF INGENIOUS MECHANISMS 

THIS additional volume of INGENIOUS MECHANISMS 
FOR DESIGNERS AND INVENTORS has been published 
as a companion book to Volume I in order to present illus- 
trated descriptions of a large variety of mechanisms and 
mechanical movements not a t  hand when Volume I was 
produced. The continual demand for Volume I from engi- 
neers and machine designers, both here and abroad, is not 
only a tribute to the value of this treatise, but an indication 
of the need for information on outstanding mechanical 
movements. The publication of this second volume makes 
it possible to present many additional mechanisms of great 
practical value to designers of automatic machines or other 
devices, as  well as  to students of the general subject of 
mechanism. 

Many of the main sections or chapters in Volume I1 have 
titles similar to those found in the first volume to assist the 
user of both books in locating all the information on a given 
subject, but the mechanisms illustrated and described in the 
two volumes are entirely different in .design. While the 
second volume is a continuation of the first one, each book 
is an  independent treatise; taken together, they constitute 
an unusually complete work of reference on the very im- 
portant subject of mechanism. The numerous mechanical 
movements featured in Volume 11, like those in Volume I, 
have been applied successfully to automatic machines and 
many other forms of mechanical apparatus. While i t  is not 
feasible in any work of this kind to include mechanisms 
that are directly applicable to every type of machine and 
operating condition, it is believed that the numerous de- 
signs found in Volumes I and I1 embody mechanical prin- 
ciples which may be utilized in the solution of practically 
any mechanism designing problem likely to be encountered. 

CHAPTER I 

CAM APPLICATIONS AND SPECIAL CAM DESIGNS 

Cams in their various forms doubtless are more useful to 
designers of automatic and semi-automatic machines than 
any other type of mechanical device. Mechanical move- 
ments which would be difficult or impracticable t o  obtain 
by other means may, in numerous instances, be derived 
readily either from a single cam o r  from two or more cams 
used in combination. The cams which follow illustrate a 
variety of interesting applications taken from different 
classes of mechanical equipment. Other applications of 
cams and cam-operated mechanisms will be found in Chap- 
ter I, Volume I, of INGENIOUS MECHANISMS FOR DESIGNERS 
AND INVENTORS. 

Indexing Cam for Varying Stroke of Follower.-For a 
given number of strokes of a slide, almost any variation in  
the length of each successive stroke may be produced by 
means of an indexing cam mechanism like that shown in 
Fig. 1. The construction of this cam is economical and the 
design is unusually simple, when the movements involved 
are considered. The cam member consists of a core A in 
which a re  secured eight cam inserts B. Each insert i s  
tapered a t  a different angle and has a throw correspond- 
ing with the required movement of the follower roll C. 

The core is keyed to a shaft turning in bearings on the 
slide D, which is reciprocated through a rack and gear by 
a member of the machine in which the cam ia used. To one 
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end of the core shaft  is keyed a helical gear, meshing with 

a similar Rear on the vertical shaft E. This shaft, running 
in two bearings cast integral with the slide, carries a ratchet 
wheel J, which is operated by the pawl F, pivoted to the  
machine base. There a r e  as many teeth in the ratchet 
wheel z q  there a re  inserts. 

The various movements are obtained in the following 
manner: From the position indicated, the slide moves 
toward the right, causing the follower roll to ride along the  
bearing G and on t h e  insert R to point H. The slide now 
returns, during which time the follower roll is also returned 
by means of a coil spring (not shown). Toward the end of 
the return stroke, a s  the  roll dwells on bearing G, a tooth 
in ratchet J engages the pawl F. Upon the continued move- 
ment of the  slide, the  pawl forces the ratchet wheel around 
one tooth, causing the  core to rotate until insert K is in line 
with the follonver roll. Thus, on the return stroke, the roll 
rides on insert K, which imparts a shorter movement to the  
follower than the preceding one. In this way, each succeed- 
ing movement of the  follower is varied until the core has  
been indexed one re\~olution. At this time, the roll will 
again be in line with the insert B and the cycle of move- 
ments will be repented. 

Although not ahonlr. a friction brake should be applied 
to either the  core or  the  ratchet-wheel shaft  to prevent over- 
run of the cam due to  the momentum imparted by the pawl. 
Other combinations than that shown here may be obtained 
by using different insert3 to vary the throw o r  a different 
number of inserb t o  increase or decrease the number of 
follower movements per cycle. In the latter case, the num- 
ber of teeth in the ratchet wheel muet be changed to tor- 

respond with the number of inserts. 
b m - P l a t e  with Four Adiustable Lobe~.- Indevelo~ing 

a n  automatic machine, i t  was necessary to provide means 
for  transmitting a n  oscillating motion to  an arm or lever 
from s rotating ahaft. The arm was attached t o  a slide 



4 CAM APPLICATIONS AND SPECIAL CAM DESIGNS CAM APPLICATIONS AND SPECIAL CAM DESIGNS 5 

which was returned to the zero position by meails of a coil 
spring after having reached its maximum position. 

The variation in the sizes of the product made necessary 
an  occasional change in the length of travel or movement 
of the slide. To obtain the desired adjustability with the 
least number of actuating parts, the adjustable cam-plate 
shown in Fig. 2 was designed. The two side plates A are  
spaced a given distance apart by spacers B and are clamped 
together by screws C. Four cam-plates D, spaced 90 de- 
grees apart, are held on pivot studs E. Circular slots F are 
milled in these plates through which clamp bolts G are in- 
serted. 

These plates are a sliding fit between the plates A, so 
that when bolts G are tightened, cam-plates D are held se- 
curely in place. To the outer side of one end plate A i s  
fastened the Ranged bearing H ,  which is held by a cross-pin 
to the driving shaft I. The lever arm roller J was made 
wide enough to allow it to ride on both the central cam lobe 
and on the periphery of side plates A. The various distances 
to which the cam lobes can be projected and the angles of 
rise and fall are shown in Fig. 3. This particular cam has 
four adjustable lobes, but a larger or smaller number of 
lobes can be used. 

Cam for Guiding a Follower Along a Square Path.- 
A mechanism for guiding a pointer along a square path 
is illustrated in Fig. 4. The rotating shaft A, through the 
action of cam B and dovetailed slides C and Dl causes the 
pointer E to follow the square contour indicated by the dot- 
and-dash outline. The horizontal slide D is mounted in the 
stationary member F, which also serves as a bearing for  
the shaft A; and the vertical slide C is mounted in the 
slide D. Elongated holes are provided in both slides so that 
the slides will clear the shaft in operation. 

Alternate vertical and horizontal movements of slide C 
are obtained through the action of the positive cam B, the 
lay-out of which is shown in Fig. 5. Here it will be seen 
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that  sections PQ and RS are concentric with the shaft A, 
and sections RP  and SQ are drawn by scribing arcs having 
centers a t  S and R, respectively, to form the rises of the 
cam. 

Referring again to Fig. 4, pointer E, attached to slide C, 

N. 4. Poaitlve Cam Movement for Ouldlnr Polnter L do- 
Square Path Ind~catad by Dot.md-daah Lines 

is in i ts lowest position and has just completed one half of 
the horizontal movement imparted by the cam B. As the 
cam continues to rotate in the direction of the arrow, slide C 
will move toward the left, carrying pointer E to position G. 
During the entire horizontal movement the concentric por- 

tions of the cam are in con- 
tact with the surfaces K 
and H ,  preventing slide C 
f r o m moving vertically. 
However, when the pointer 
E reaches position G these 
concentric surfaces contact 
with surfaces J and L and 
prevent horizontal move- 
ment of slide C. In the 
meantime, the cam rises 
come in contact with the 

PIE. I. Lny-out of Cam Used 08 
~ . a b a a ~ . ~  8hom ~n ~ t .  4 surfaces K and H and raise 

the slide C until the pointer 
reaches position M. These alternate vertical and horizontal 
movements guide the pointer E in its required path. 

Combination Cam and Parallel Motion for Guiding 
Spindle in Square Path.--The mechanism shown in Fig. 6 
was designed to guide the center of the spindle A along a 
square pathway indicated by lines M and N. I t  is used in 
conjunction with a woodworking machine for  gouging out 
an endless grooved recess of square contour into which a 
decorative insert is fitted. The movement involves two s e p  
arate motions-a cam motion and a parallel motion. The 
former is the actuating member which imparts the move- 
ment to  the follower, while the latter serves merely to 
maintain the direction of motion of the follower. By the 
use of interchangeable cams and follower plates, as ex- 
plained later, the follower can be made to follow paths of 
various dimensions. 

The mechanism is mounted on the machine frame B, and 
consists chiefly of cam C, follower D which carries the cut- 
ter-spindle A, and the parallel motion links E, F, and G. 
The follower is connected to the stationary bracket H 
through these links. With this arrangement, the angular 
position of the follower will remain unchanged, regardless 
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of its location relative to the cam. The cam is of the tri- 
angular type, imparting movement in the four directions 
required. 

From the position shown the cam is rotated in a clock- 

m, 6. - for O u l d l ~ ~  Twl d o o r  a Path of h u m  O D t h  

wise direction. Since edges J and K a re  concentric with the 
camshaft, continued rotation of the cam will not impart a 
norrzonta1 movement to the follower; but the upper edge L 
of the cam will raise the follower so that the center of the 
spindle will move along a path coinciding with the line M. 
When the curved edge J becomes tangent to the top cam 
surface of the follower, the center of the spindle will co- 
incide with the top end of line M and the vertical move- 
ment of the follower will cease. Edge L will now force the 
follower toward the right so that the spindle center will 
follow a path coinciding with line N. 

The action of the cam and follower is the same for each 
side of the square over which the spindle center passes. 
This cam is of the positive type, since the distance between 
the two points a t  which the edges of the cam intersect a line 
passing through the center of the camshaft is the same, re- 
gardless of the angularity of the line. 

If the spindle is required to follow a square path of 
smaller dimensions, the cam surfaces of the follower are  
lined by means of four flanged plates, and a cam giving the 
required throw is substituted for the one shown. The cam- 
plate can be quickly attached by means of screws which pass 
through the plate flanges into tapped holes R. 

Owing to the movement of the spindle in a plane normal 
to its axis, the upper end of the spindle is provided with 
two universal joints and a sliding sleeve. This provides a 
flexible connection with the upper driving shaft of the ma- 
chine. Since, however, this arrangement is a common one, 
it is not shown. The follower is supported in i t s  overhang- 
ing position from the bracket H by two pads integral with 
the follower, which rest on finished pads cast on the ma- 
chine frame. In order to compensate for wear in the lever 
and link connections, the connection pins were designed as 
shown in the cross-section. With this arrangement, any 
wear can be taken up by tightening the check-nuts Q. 
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Changing Cam Speed by Transforming Uniform Circular 
Motion into Periodic Variable Motion.-Fig. 7 shows a 
mechanism by means of which a uniform circular motion 
is transformed into a periodic variable circular motion. 
The driven shaft A and the driving shaft B rotate in bear- 
ings located on the same axis. Disks C and D are securely 

m. 7. Yaoah.l~m for Aaoelw&Hn# B p r d  of Driven Bhrft %dW 
a Pnrtl9n of E u h  Revolution 

mounted on shafts A and B. The bearing G carries the 
flanged disk H, which is slotted a t  S to receive the pins 
E and F in the disks C and D. The feet of bearing G are  
slotted so that the position of the bearing may be changed 
in relation to shafts A and B. The motion of shaft B is 
transmitted to shaft A by the pins E and F, which act in 
the slot S in disk H. 

In the position shown in the illustration, bearing G is 
so located that the axis of disk H coincides with that of 
shafts A and By in which case the motion of shaft B is 
transmitted uniformly to shaft A. If the bearing G is 
moved to one side, the axis of disk H is thrown out of 
alignment with those of shafts A and B. As disk H then 
revolves in the same plane but on a different axis from 
shafts A and By the pins E and F will alternately approach 
and recede from the center of disk H, thus imparting a 
periodically fast and slow motion t o  disk C. The amount 
of variation in the motion given shaft  A is controlled by 
the amount of movement given bearing G. 

An interesting application of this mechanism was made 
on a machine on which shaft A carried a cam. The speed 
with which the operating point of the cam passed under 
the follower was varied by shifting the bearing G. 

Right- and Left-Hand Threaded Cam for Converting 
Rotary into Oscillating Motion.- A simple mechanism for 
converting rotary into oscillating motion consists of a cylin- 
der having a right- and IefUland thread and a half-nut 
made as shown in Fig. 8. This mechanism was incorporated 
in a specially constructed printing press for the purpose 
of imparting a reciprocating motion to the rollers which 
assists in distributing the ink. A similar arrangement can 
be used in numerous other applications, when the speed of 
rotation is not too high and the load is not too great. 

In the application referred to, three rollers were used 
for distributing the ink. The two outside rollers were 
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operated by a double rocker arm actuated by the crank- 
arm A, which is fitted with a half-nut B. The right- and 
left-hand threaded cylinder C a t  one end of a rotating 
shaft serves to oscillate or move the end of arm A forward 
and back. The center ink-distributing roller is moved by 
a single rocker arm driven by another threaded cylinder 
similar to the one shown a t  C. The rocker arms are pivoted 

Fir. 0. hllndur O u n  0 wlth E@ht end Left-hmd Thrrdm Dal.aed b It-* 
Dlrcotlon of Travel of Half-nnt B at Erch End of Itrokm. 

thun Imputlnr m Onclhtlnr Yotlon to Lwar A 

and carry ball-bearing pins that work against the flanges 
of spools on the ink-distributing rollers. Thus, as the rocker 
arms move back and forth, they transmit the required mo- 
tions to the ink-distributing rollers. 

The half-nut B is made from a T-shape, the thickness of 
the stem being equal to the width of the thread groove. The 
stem is formed to a concave shape to fit the contour of the 
root diameter of the thread, while i t s  over-all length is 
made somewhat greater than the outside diameter of the 
thread. Its minimum length must be such as to more than 
span the gap made by the crossing of the right- and left- 
hand threads. At  the center of the T-shaped bar is an 
elongated hole D, which slides over a pin E attached to the 
crank-arm. Thus, pin E causes the crank to rock back and 
forth with the longitudinal travel of the  nut. An elongated 
hole is necessary for pin E, since the a rm swings in an arc 
while the nut travels in a straight line. 

When the half-nut approaches the end of its travel in 
one direction, its axis is on an angle with the center line of 
the shaft. This angle is equal to the pitch angle of the 
screw. In order to reverse the travel, the axis of the half- 
nut must pivot about pin E until i t  is in the proper angular 
position for the reverse traverse motion imparted by the 
thread of the opposite hand lead. 

The last thread on the cylinder C i s  cut back a sufficient 
distance to allow the half-nut to pivot, and the "following" 
edge where the thread runs out a t  the end is filed back 
sufficiently to  allow the nut to clear this surface and the 
end flange. The nut is also beveled a t  the edge where it 
enters the thread. The threaded cylinder C and the half- 
nut B are shown separately in the views to the left. 

This mechanism operates smoothly, having a short dwell 
at each end of the stroke while the nut  reverses and picks 
up the opposite thread. In the printing press application, 
the two outside rollers are operated by  a double rocker arm 
which causes them to move an equal amount in opposite 
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directions. I t  is desirable to introduce as  much variety as 
possible into the motion of the three rollers in order t o  
smooth out the ink more effectively. For this reason, t h e  
leverage f o r  the crank-arm of the center roller is made 
somewhat different from that for the outside rollers. I n  
this case, t h e  length of the thread on the cam for actuating 
the crank-arm of the center roller i s  longer than that of 
the cam for  the outside rollers. With this arrangement, 
the center roller continuously varies its position in relation 
t o  the outer rollers. 

Mechanism for Making Quick Change in Angular 
Positions of Feed - Cams.- The staggered production re- 
quirements and the available tool equipment for rough- 
turning several parts of similar design necessitated chang- 
ing the angular relationship of the two principal feed-cams 
on one shaft for each tool set-up. The arrangement pro- 
vided to permit the positions of the cams to be changed 
quickly to suit the machining requirements of the different 
parts i s  shown in Fig. 9. 

Cam A on shaft B is driven by shaft C through keys D 
in sleeve E. Keys D operate in spiral slots F. Pin G fits 
in sleeve E and extends through slots H of shaft B. Pin G 
also extends through the shifter shaft  J in shaft B. Axial 
movement of shifter shaft J, by means of lever K, from 
position V t o  Z causes cam A to  advance clockwise in rela- 
tion t o  cam L. This movement of sleeve E from position 
S to T causes keys D to operate in  slots F of shaft C. 
Shaft  J is piloted in shaft C to maintain the alignment of 
shafts B and C. The follower on cam A is released when 
changing cam positions. Shifter lever K is provided with 
conventional means (not shown) for locking in any of t h e  
required positions. 

Cam and Eccentric Combinations.- The vertical ram B, 
Fig. 10, is given the required motion by combining a cam 
and a crank or eccentric motion. In this mechanism, gear C 
eupports cam D and gear E supports the eccentric A. The 
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sliding member F which carries the fulcrum of the lever G 
is driven by means of a connecting-rod H. The movements 
of both the cam and the crank serve to give the lever G 
a long stroke. A small slideway a t  the outer end of lever G 
provides the connection with the ram B. 

The sliding member F may be omitted in some cases and 
the end of lever G connected directly to an eccentric on a 

?fa. 10. CbmMnrtlon of Our., Cnnk. 0- L I L ~  Looutrio 
fa O p e n t i n s  Run 

crankpin, aa shown in the upper view, Fig. 11. For special 
cases, the cam profile may also take the form of an eccentric 
disk. In that event, the form of the mechanism can be 
changed, so that the cam is replaced by an eccentric which 
actuates a rod. The crank-arm can also be replaced by an 
eccentric A, as ahown in the lower view. This gives a 
simple mechanism having two eccentric rods coupled to- 
gether by means of a link G. 

Compound Cam Drive to Reduce Cam Rise.-The poa- 
sibilities of mechanisms consisting of links, gears, and 
cams for imparting oscillating movements t o  bellcranks are 
indicated by the illustrations Fig. 12. These mechanisms 
are incorporated in a shoe-sewing machine. The first de- 
sign, shown in the view to the left, consists of a simple cam 
drive. The motion of the swinging member A is trans- 

mitted by means of a rod B to the bellcrank C, which is 
required to oscillate or swing back and forth through an 
angle of approximately 80 degrees about the center of 
shaft D. 

To obtain this movement, the driving cam E must have 
a rise of about 1 21/32 inches. The quick rise in the cam 
groove required to meet this condition, however, prevented 
the mechanism from being satisfactory for this particular 
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application. An enlargement of the base diameter of the 
cam disk or a change in the distance between the fulcrum 
of the lever and the cam axis to overcome this difficulty was 
impractical. 

For this reason, the improved mechanism shown in the 
view t o  the right was designed. In the latter mechanism, 
an additional motion is imparted to the swinging lever by 
the use of another cam. The two cams F and G are driven 
in opposite directions by spur gears H and J, which a re  
of equal size. These gears revolve on the same axis as the 
cams that they drive. Cam F actuates roller K attached t o  
the slide L, which is mounted between guides on the cam- 
plate. The lever AIZ is attached to the slide L and receives 
an additional motion from the cam disk G through the 
roller iV. 

The motion of bellcrank lever P is derived from lever M 
through rod Q. As shown in the illustration, the stroke of 
lever ,!')I ia  greatly increased by the two cams F and G and 
the slide L. The rise of each cam in the new mechanism i s  
reduced to about 5/8 inch. The mechanism described works 
satisfactorily a t  speeds ranging from 400 to 500 revolu- 
tions of the driving gears per minute. 

Long-Stroke Cam of Small Diameter with Rapid Return.- 
Cylindrical cams of the usual type for imparting a rela- 
tively long and powerful stroke to the follower must neces- 
sarily be large. Frequently this is undesirable, especially 
in rt machine of light construction. In designing a certain 
machine for inserting the packing in stuffing-boxes, a rather 
long stroke of a slide was required to press the packing 
into place. The return or  idle stroke was to be rapid. Be- 
cause of the light construction of the machine and the  
elevated position of the cam, it was desirable to  have the 
cam of small diameter, as well as light. 

To meet these requirements, the cam mechanism illus- 
trated in Fig. 13 was developed. I t  consists of the cylin- 
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drical cam A, secured to a shaft running in the stationary 
bearings B. The cam is rotated by means of a worm (not 
shown) and worm-gear C, and is engaged by the follower 
roll D on the slide E. This slide is mounted on the machine 
column M and carries the levers G and J on the shaft N. 

Although both levers are free to rotate on the shaft, the 
lower lever G is normally held against the pin 0 in lever J 
by means of the coil spring L. The upper end of lever J is 
connected to a plunger P. This plunger slides in a bearing 
cast integral with the slide and carries the follower roll. 
A counterweight on cable H returns the slide to its upper 
position, the upward movement being limited by stop Q on 
the slide and adjusting screw R on the machine column. 
Stop K is fastened to the machine column and serves to 
operate levers G and J for engaging the roll with the cam 
groove a t  the top of the stroke a s  explained later. 

In the position shown, the slide is about to begin its down- 
ward stroke. As the cam i s  rotated i n  the direction of the 
arrow, the slide moves downward until the roll has reached 
the part of the groove at 8'. Here the bottom of the groove 
is sloped gradually toward the outside of the cam; thus 
when the cam continues to rotate, the roll is forced out of 
the groove and the slide is returned t o  the upper position 
by the counterweight. Just  before the slide reaches the 
upper position, the lever G comes into contact with the 
stop K and swings lever J with plunger P toward the left 
carrying the end of the roll stud against the cam. At the 
top of the stroke the roll is forced into the groove through 
the action of coil spring L. As the cam continues to rotate. 
the slide is once more carried downward. 

Axial Movement from Mating Cam Sections Rotating 
at Different Speeds.- Certain copper tubes used in con- 
nection with steam-heating apparatus are covered with 
strips of copper, the strip being wound around the tube 
and soldered. The strip and the solder must be removed 
from the ends of the tubes to  provide a bare length of 1 inch 
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for connection to a tank or header. This "stripping" of the 
tube ends is done by using a machine having three cutters, 
which a re  held radially and feed inward as the cutter-head 
rotates about the tube. The machine used for this work 
is shown by the sectional and plan views. 

The end of a wound tube (represented by the zigzag 
lines) is pushed over a stationary pilot B, Fig. 14, which 
fits snugly inside the tube. An air-operated clamp is next 
tightened and the tube is ready for the stripping operation. 
The head of the machine, which contains the three cutters 
(one of which is shown at D), revolves continually at the 
rate of 600 revolutions per minute, and  when a clutch is 
tripped by a foot-pedal, the three tools feed inward a dis- 
tance of 3/4 inch a t  the rate of about 0.018 inch per revolu- 
tion. The mechanism for obtaining and controlling this 
feeding movement is the interesting feature of the machine. 

The drive from the motor to the cutter-head is through 
gears F and G. Gear G is attached to the main spindle K, 
which connects with the cutter-head. A head L, which is 
rotated by the cutter-head proper, is free to slide for a 
limited distance along spindle K. Attached to sliding head L 
there is a cam M which fits a mating cam N. Cam N is 
free to revolve on spindle K, and it has  attached to  it a 
gear H which meshes with the gear J. 

Before the tool feeding movement begins, cam M drives 
the mating section N through the step or shoulder 0 (see 
plan view), and gears H and J revolve idly. When the 
tools are to be fed inward, cam N is rotated 40 1/2 revolu- 
tions to 40 revolutions of cam M. The result is that cam N 
exerts a wedging effect against M, causing the latter, with 
head L, to slide along the spindle. When this sliding move- 
ment occurs, racks R, attached to sliding head L, transmit 
this movement through pinions t o  racks S, attached t o  the 
cutter-holders. The method of obtaining this differential 
movement between cam sections M and N will now be de- 
scribed. 
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In order to start the tool-feeding movement, a clutch trip 
lever is raised by depressing a foot-pedal. This releases 
a clutch dog or plunger connecting plate P through a clutch 
with the shaft of worm-wheel W, which is rotated continu- 
ally from the driving shaft. As soon as  plate P begins to 
revolve, the dog or clutch lever R is forced out of the notch 
in plate P, thus connecting, through a clutch, the driving 
shaft with gear J; consequently, cam section N is now 
driven from shaft E through gears J and HI and since i t  
rotates 40 1/2 revolutions to 40 revolutions of cam M, the 
wedging action and traversing movement previously re- 
ferred to occurs. This difference in the speeds of cams 
M and N is due, of course, to the ratios of gears F and G 
as conipared with gears J and H. Gear F has 25 teeth 
and G 40 teeth; hence, for each turn of gear G, F makes 

40 
40/25 turn. Therefore, 40 turns of G require - X 40 = 64 

25 
turns of shaft E and gear F. For each turn of gear J ,  H 
makes 31/49 turn, as J has 31 teeth and H 49 teeth; hence, 

3 1 
if J makes 64 t u n s  then H will make - X 64 = 40 1/2 

49 
t u n s .  

While the driving shaft is turning sixty-four times in 
order to complete one cycle in the movement of the feeding 
mechanism, plate P is turned 64/65 revolution, as the 
worm-wheel W has sixty-five teeth. At  the end of the 
cycle, clutch lever R is again opposite the notch in plate 
P and gear J is disconnected from the driving shaft, thus 
stopping the fecding movement automatically. Shoulder 0 
on cam N is also around to  the point where section M can 
slide back into engagement, which i t  is  forced to do by 
means of springs concealed in the cutter-head. The differ- 
ence in the speeds of the two cam sections is so slight that 
this re-engagement occurs easily and without objectionable 
shock. 

Duplex Cam Action for Turning Cam Contour and 
Maintaining Proper Cutting Angle of Tool.-A special 
movement, embodied in a camshaft lathe, controls the turn- 
ing tool by two sets of cams, so that the cutting angle in 
relation to  the cam outline will always be the same. A par- 
tial cross-section of the lathe showing the carriage slide can 
be seen in Fig. 15. Both the cam a t  the top and the one 

m. 16. C m a . a . a t l o ~  of Lathe, W o d n g  C u a u  thrt 
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at the left revolve a t  the same number of revolutions per 
minute a s  the camshaft to be machined. The cam a t  the 
left is used as a master while the top cam controls the 
swinging motion of the tool about the horizontal axis in 
such a way tha t  the cutting angle remains constant. 

With the combined movements of both cams, the desired 
result is obtained. The master cam a t  the  left is ground ac- 
curately in the lathe by using a grinding wheel in place of 
the cam roller and of the same size, while a suitable mem- 
ber engages a revolving cam of correct form on a shaft 
between the lathe centers. 
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Double-Acting Cam which Oscillates Follower and also 
Indexes it Horizontally.-In the mechanism shown in 
Fig. 16, a cam is used to impart an oscillating movement, as 
well as a horizontal indexing movement, to the table of a 
machine for sawing teeth in combs. A comb is clamped 
rigidly between the straps A on the table C. This table 
oscillates about the bearing B and receives its motion from 
the cam E acting against the follower D. The cam is driven 
by a belt passing over the pulley I. The circular saw G 
revolves in stationary bearings, the comb being fed to i t  by 
the oscillating action of the table. 

The principal feature of this cam motion is the manner 
in which the horizontal movement is imparted to the comb 
for cutting the successive teeth. On the outside of the cam 
is cut a continuous V-groove which engages corresponding 
grooves in the follower D. The several turns of the groove 
on the cam follow a parallel plane perpendicular to the 
center line of the shaft K until they approach the dwelling 
portion H, where they are deflected to one side a distance 
equal to the pitch of the groove. This pitch i s  also equal to 
that of the slots being cut in the comb. The grooves in the 
follower, however, are not continuous but are  a series of 
separate grooves. 

In the position shown, the table is a t  its lowest point and 
the saw has just completed cutting a tooth in the comb. As 
the cam continues to revolve in the direction of the arrow 
an upward movement is imparted to the table. When the 
dwelling surface of the cam has come in contact with the 
follower, the comb is clear of the saw, and the horizontal 
or indexing movement of the table begins, continuing until 
the follower has passed over the angular portion of the cam 
groove. Further movement of the cam carries the table 
downward, causing the comb to be fed against the saw for 
cutting the next tooth. This completes the cycle of opera- 
tions. The follower D does not revolve in actual operation, 
but can be adjusted to present new wearing surfaces. The 
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design of this mechanism permits the use of interchange- 
able cams and followers for slotting combs having teeth of 
different pitches. 

Straight-Line Movement Applied to a Cam Follower.- 
A practical application of a straight-line movement ob- 
tained by means of a link and a lever is shown in Fig. 17. 

This movement is applied to the follower roll of a cam on 
an automatic machine intended for sawing slots in latch 
needles. 

The roll E moves 3 inches forward and backward, and 
the return movement is effected during one-twelfth of a 
revolution of cam C. Originally, the roll lever A was pivoted 
to the stationary bracket B, and was not equipped with the 
auxiliary link D. Consequently, the center of the roll E fol- 
lowed a curved path, and on the return of the lever A, the 
roll had a tendency to leave the cam surface, especially 
when the machine was operated a t  high speed. This action 
caused the roll to strike the low point of the cam with an 
appreciable impact during each cycle. 

To overcome this condition, the pivot hole in the upper 
end of the lever A was elongated and the link D added to 
force the roll E to travel in a straight instead of a curved 
path. The center distance between the pivot F and the 
roll E is equal to that of the holes i n  the ends of the link. 
The lower end of the link is pivoted to the bracket, while 
i ts upper end is pivoted to the lever. This pivot is located 
in such a position that the distance X equals one-half of 
the distance Y. 

As the cam rotates from the position shown, the upper 
end of lever A is gradually lifted and lowered through the 
action of the link, so that the center of the roll E follows 
very closely the center line G. Thus, when the steep incline 
of the cam is reached, the roll is returned along the same 
straight line and remains in contact with the incline in- 
stead of leaving the cam surface, as when the roll followed 
a curved path. 

Varying t he  Cam Dwell with Two Adjustable Follower 
Rolls.-An increase in the variety of products manufac- 
tured in one plant made i t  necessary to alter some of the 
wire-forming machines so that the dwelling periods of their 
slides could be varied. To do this, instead of employing one 
follower roll for each slide, two adjustable rolls were used, 
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as shown in Fig. 18. The two dwelling periods of the slides 
can thus be varied to suit requirements. The cam, indi- 
cated a t  A, is secured to the driving shaft and engages both 
rolls B and C. The rolls are mounted on flanged bushings 
and secured to slide D by studs. They can be adjusted to 
any position along the curved T-slot E. 

The amount of dwell and the timing of the rise and fall 
of the slide depend upon the distance between the two rolls 
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and their location along the T-slot. For instance, if the 
slide were required to dwell longer in its upper position, 
the distance between the rolls would be increased. On the 
other hand, if the dwelling time in the upper position was 
to be decreased, the rolls would be brought closer together. 
The time a t  which the rise and fall of the slide occurs may 
be varied by adjusting the rolls along the T-slot without 
changing their center distance. 

Double-Faced Cam for Rapid Rise without Excessive 
Side Thrust.- The cam for operating the slide of a certain 
machine required a rapid rise without excessive side thrust. 
To meet this requirement, a double-faced cam was used (see 
Fig. 19). Each face or edge of this cam C has a rise equal 
to one-half the total rise required. The cam has a sliding 
fit on shaft A,  and i t  is revolved by the driving gear G 
which meshes with gear teeth extending around the center 
of the cam. 
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As the cam rotates it rises, owing t o  the fact that it rests 
on a roller R, which is supported by the machine frame F 
and remains stationary except for rotation about its own 
axis. Bearing against the top face of the cam is another 
roller RI, which is supported by slide S; this slide is the 
one that is operated by the cam. It will be evident that 
when the cam makes one revolution, slide S moves a dis- 
tance equal to the sum of the leads of both cam faces, but 
roller RI  and the slide take the thrust of only one cam face. 
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Reciprocating Motion to Square Bar from Cam Made 
of Helical Gear Segments.-A novel and what proved to 
be a very practical application of helical gear segments and 
pinions is shown by Fig. 20. Shaft A has an intermittent 
rocking movement, which is alternately clockwise and coun- 
ter-clockwise. The range of these movements is through 
an angle of about 5 degrees. This rocking lever is required 
to impart an endwise movement to the square bar or 
shaft B. For this purpose, a segment of a single helical 
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gear C is attached to lever D, and a helical pinion F of equal 
angle, but of opposite hand, is fitted to the shaft B. Shaft B, 
being square, cannot rotate, and is therefore forced t o  move 
endwise. 

The helical segments and the helical pinions used in this 
construction were much less expensive than cams. A com- 
plete ring gear furnishes enough segments for several ma- 
chines. By making the number of teeth in the pinion s 

multiple of 4 and cutting four keyways in the shaft hole, 
i t  is possible to bring new teeth of the pinion into the work- 
ing position when wear takes place by changing the posi- 
tion of the gear on the shaft. When the  square shaft B 
can be made to serve equally well in any position, only one 
keyway is necessary, as the shaft and gear can be keyed 
together a s  a solid unit and relocated in  one of four posi- 
tions to bring unworn teeth into contact with the aeg- 
ment C. The segment C is supported on each side, a roller 

FRONT VIEW 

w 
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support being used when necessary t o  reduce the  friction 
load. Gears with teeth having a helix angle of 45 degrees 
or more give satisfactory performance in this kind of 
service. 

Double Cam Drive for Three Reciprocating Rods.- 
The lever-motion mechanism shown in Fig. 21 is used on 
a wire-forming machine to obtain the motions described in 
the following: Two rods J and L are given a reciprocating 
motion, the timing relationship of which must be adjust- 
able. Each of these rods must pass through a complete cycle 
of motions for each revolution of the drive shaft, although 
they never operate simultaneously. A third rod K is given 
a similar reciprocating motion of lesser magnitude. The 
latter rod, however, must pass through two complete cycles 
for each revolution of the drive shaft, each cycle being per- 
formed simultaneously with the cycle of the other two rods. 
Any change in the timing relationship between the first two 
rods must be automatically transmitted to  the third rod. 

The cams A and B operate a t  the same speed, and impart 
the required oscillating movements to  the levers C and D. 
Cams A and B, although similar in outline, are  set with 
their lobes approximately 180 degrees apart, and each cam 
can be adjusted slightly in its timing relationship with the 
other cam. Lever C fulcrums on stud E ,  while lever D 
fulcrums on stud F. Studs E and F are so located tha t  
levers C and D are in a horizontal position when their oscil- 
lating ends are  held a t  their lowest points by the cams. 

Lever I is supported on studs G and H, carried on the  
oscillating ends of levers C and D, respectively. Rods J, K, 
and L a r e  attached to levers C, I, and D, respectively, and 
serve t o  transmit the motion to the required points. As 
lever C is oscillated by cam A, lever I is given a similar 
motion, being pivoted on stud H, which is held in a fixed 
position by cam B. 

After lever C has passed through its cycle and come to 
rest, lever I is given a similar movement a t  the opposite 

end by cam B through lever D. A s  the movement of lever I 
is produced entirely by levers C and D, i t  must always op- 
erate in exact synchronism with these levers, regardless of 
the adjustment of cams A and B. T h e  front view shows 
the levers a t  rest. The side view shows rod K moved t o  its 
lowest point by the  action of lever I. 

Obtaining Instantaneous Movement of Cam-Operated 
Lever.- One of the best known means of imparting a very 
quick movement in one direction t o  a reciprocating par t  of 
an automatic machine i s  by a cam and spring mechanism, 
such as shown in Fig. 22. The member to be actuated (not 
shown) is attached to the upper end of link A. The other 
end of this link is  connected to the  rocker lever B, pivoted 
on stud C. Lever B acts in conjunction with cam J through 
roller E and spring F. 

The left-hand diagram shows the  mechanism just at the 
end of a dwell period of the lever B. Further rotation of 
the cam in the  direction indicated by the  arrow will result 
in roller E dropping into the recess of the cam and thus 
producing a quick downward movement of lever B and 
link A. I t  i s  clear that  no matter how heavily spring F is  
loaded, there is a relatively slow accelerating movement of 
lever B while point G of the cam moves from the position 
shown t o  point K on roller E, o r  along the arc GK. Only 
when the  cam has made an angular movement equivalent 
to angle GDH does lever B completely lose the restraint 
imposed upon i t  by the cam and roller and allow spring F 
to pull lever B downward with a quick motion. The point H 
is found a t  the  intersection of the cam outline with an 
arc  KH swung about stud C a s  a center and tangent to 
roller E. 

The angle GDH, through which t h e  cam rotates during 
the delayed action, depends primarily on the  length of the 
radius of the  roller E and t o  a much smaller extent upon 
the lengths CK and GD. This angle represents, in terms 
of angular velocity of the  cam, t h e  delay in the time of the 
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snappy spring action, the delay being greater the larger 
the roller size, the shorter the roller a r m  CS, and the slower 
the rotation of the cam. 

In most cases, this delay is not objectionable. I t  may 
even be welcome in some cases, as i t  results in much less 
shock to  the mechanism. However, there are occasions 
when this delay must be eliminated, a s  for instance, when 
a hot fluid which sets very quickly must be pumped into a 
mold. Under such conditions, a very sudden action on the 
fluid-forcing pistons is desired. The right-hand diagram 
shows how this action can be effected by the addition of a 
few parts. 

At the side of cam J is mounted a n  auxiliary shoe M, 
which i s  rotated about shaft D. This shoe engages the 
square block L, which is held rigidly t o  the lever B. Lobe 
NQ of the shoe M remains in contact with block L for 
some time after cam J has lost contact with the roller E. 
During the time cam J and shoe M a r e  rotating from the 
position shown to the point of release, lever B remains 
nearly stationary, as the lobe NQ of shoe M slides under- 
neath the flat face of block L. Further movement of the 
cam and shoe in the same direction results in an instan- 
taneous drop of lever B. 

Following the sudden drop of lever B, shoe M and block L 
are inoperative. After the desired dwell, the follower is 
restored to i ts initial position by the lobe P of the cam, 
which acts upon the roller E alone. Jus t  before the end of 
the cycle of shaft D, both the roller and the block engage 
the cam and the shoe simultaneously. A little care in the 
design of the details insures smooth operation. 

The anguIar margin between points N and G can be ma- 
terially reduced without danger of the  roller interfering 
with the cam during the sudden drop. If desired, this an- 
gular margin can be increased, provided lobe NQ of the 
shoe is made of sufficient size. This is a very desirable 
feature, as the exact moment of the drop can be adjusted 
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within fairly wide limits, independent of the exact moment 
of the withdrawal movement. 

Cam Mechanism that Returns Lever to its Starting 
Position when Machine is Stopped.-In a certain type of 
machine, an oscillating lever is required to return to its 
starting position, or very near it, regardless of the part 
of the cycle in which the machine is stopped. This lever, 
which is indicated a t  A in Fig. 23, controls the movement 
of an  independent feeding device on the machine. 

Iig. 93. Cam-actuated k r e r  that I l r a y a  Xetnnu to Its Btutlng Podti@% 
lL-ud1e.a of the Put of the Cycle In rhleh tho h h h s  I a  Btoppd 

The mechanism consists chiefly of a disk B which rotates 
continuously in the direction of the arrow and a cam C 
which is pivoted on the disk shaft D and held normally 
against the spring bumper E by spring F. 

As the disk rotates from the position shown, cam C and 
lever A become locked and remain stationary until the 
lug G, secured to the disk, comes in contact with the roll H 
on the lever. Further movement of the disk then forces the 
lever toward the right, so that the upper roll J on the lever 
will move out of the hooked part of the cam. The remain- 
ing part of the stroke of lever A is imparted by the cam 
through the action of spring F. As the end of the cam 
passes roll J, the lever is immediately returned to its start- 
ing position by the spring K. 

With this arrangement, i t  is obvious that the movement 
of the lever is obtained through a trigger action between 
cam C and roll J and regardless of the position in which 
disk R may stop, the lever will always return to  its starting 
position when roll J is released. 

If, however, the disk is stopped during the angular move- 
ment a of lever A, that is, before the roll J i s  released, the 
lever also will stop and will not return to  its starting posi- 
tion. In the present application, however, the lever does 
not begin to function until i t  has moved through this angle, 
and hence is sufficiently near its starting position to fulfill 
the conditions required. 

Single Cam Action Performs Four Different Functions.- 
An excellent example of a multiple cam action in which 
four movements are obtained essentially by one simple 
edge-cam is shown in Fig. 24. It is applied to a device 
used for capping bottles, and although two cams are used 
here, they a re  identical and impart the  same movements 
simultaneously. The cam arrangement is such that by 
swinging the forked lever G toward the right, a split collar 
or "table" grips the neck of the bottle, the table being auto- 
matically locked in this gnnition while continued movement 
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of the lever causes the cap to be forced in place. To r e  
move the device from the bottle after the capping opera- 
tion, the lever i s  merely returned to its original position. 

One of the outstanding features in  the design of this de- 
vice is that only one screw is required in  its assembly. No 
machining is done on any of the parts, a s  sufficient clear- 
ance has been allowed to  permit the use of unfinished cast- 
ings. This arrangement resulted in an  inexpensive product 
which in no way affects i ts utility. The body A is cast in 
two parts, which are held together by the interlocking hooks 
at B and the screw C. The cup-shaped capping hood D is 
held in place between the two halves of the body and pre- 
vented from rotating by the two lugs E. Inside the cap- 
ping hood is a rubber pad F which is forced into place and 
held by a stem projecting through a hole in both the hood 
and the body. 

The forked capping lever G has two pins H cast integral 
with it. These pins serve a s  a pivot for  the lever and en- 
gage holes in the lower part  of the body. On each side of 
the forked lever is a cam J. The most important part of 
the device is the split collar o r  table which consists of two 
parts-the lifting cam-plate K and the guide plate L, the 
latter having a sliding fit in the body. Both parts of this 
table are interlocked, as shown in Fig. 25. 

The cams J on the capping lever impart four different 
movemenb. When lever G is in its farthest position to- 
ward the left, the table halves are  separated in order to 
permit the open end of the bottle to  pass through. Separa- 
tion of the table halves, as  indicated in both sectional views, 
is accomplished as the point of the cam engages the projec- 
tion M on the cam-plate. Referring to the extreme Eeft- 
hand view, it will be noted that  the table halves are  to- 
gether, in position to  grip the neck of the bottle. This is 
done with the portion R of the cam as i t  engages the pro- 
jection N on the cam-plate when lever G is swung toward 
the right. Continuation of this lever movement (see ex- 
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treme right-hand view) causes the cam to rotate into a 
position where i t  has forced the cap down over the bottle 
top, thus completing the operation. 

During the capping operation, there i s  a side thrust on 
the cam-plate K which tends to separate the halves of the 
table. This would, of course, permit the bottle neck to pass 
through the table. To prevent this, latches 0 are provided 
on the cam-plate. These latches hook over the end of the 
guide plate and lock the two halves after they have been 
closed around the neck of the bottle. 

When the lever G is swung toward the left to open the 
table halves, the cams on this lever tilt the cam-plate K 
enough to disengage the latch and permit it to  pass under 
the guide plate L. This is shown clearly in the central 
view. A spring P, Fig. 24, keeps the cam in contact with 
the cam-plate. One end of this spring is fastened to the 
body and the other end to the guide plate. 

Switching Arrangement for Cylindrical Cam with 
Intersecting Grooves.- Cylindrical cams having intersect- 
ing roll grooves are sometimes used when a cam of small 
diameter is desired, or when two revolutions of the cam- 
shaft are required t9 one cycle of the follower. These 
cams have also found application in sewing machines, gas 
engines, etc. In  the ordinary cam of this type, the break 
in the grooves a t  their intersection necessitates the use of 
a follower of special design, because a roll would become 
wedged a t  this point. The roll is usually replaced by an 
oblong shoe, the sides of which curve inward a t  the ends 
so that the shoe will be a sliding fit i n  any part of the 
groove. 

This arrangement is not always satisfactory when a 
smooth action of the follower is required, owing to the in- 
creased clearance around the shoe a t  the intersection of 
the groove. Moreover, a t  this point, the  pressure of the 
sides of the shoe against the corners of the groove causes 
a great deal of wear on both members. These objections 
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are overcome, however, by the  rather ingenious switching 
arrangement on the cam illustrated (Fig. 26). I t  is en- 
tirely automatic and provides a continuous groove for the 
roll, regardless of which groove the  roll is in. 

The arrangement consists of the grooved plunger A, 
member J secured t o  the plunger shank, and the stationary 
cams B and C. These cams are mounted on the a rm F 
extending within the cored portion of the cylindrical cam 
and serve to rotate the plunger 90 degrees for every revolu- 
tion of shaft E. Cam C has a shank which is a sliding fit 
in a hole bored in the arm F. The shank is backed up by 
a coil spring to  compensate for the  interference of cam C 
when engaging with member J. Pins D lock the plunger 
in position after  each indexing movement. 

In the position shown, the lower end of plunger A has 
engaged cam B. Further rotation of the  cylindrical cam in 
the direction of the arrow will cause cam B to force the 
plunger outward until pins D have been withdrawn from 
holes G. The plunger is now free to rotate. As the cylin- 
drical cam continues its rotation, the end of cam C comes 
in contact with lobe H on member J and rotates the plunger 
90 degrees. In this position, the pins D are directly over 
another set of holee like those a t  GI and the plunger is 
seated through the action of the coil spring L and locked 
in position by the pins as they enter these holes. 

The groove in  the plunger i s  now aligned with cam groove 
K in which t h e  roll is guided as the cylindrical cam con- 
tinues to  rotate. For each succeeding revolution of this 
cam, the indexing action of plunger A is  repeated, so that 
the plunger groove is always in line with the proper cam 
groove. In  designing a cam of this type, i t  should be re- 
membered tha t  thc cam grooves must cross a t  an angle of 
exactly 90 degrees; otherwise inaccurate alignment of the 
cam and plunger grooves will result. Hardened bushings 
in the  cylindrical cam may also be provided for the index- 
ing pins to  reduce wear a t  these points. 



46 CAM APPLICATIONS AND SPECIAL CAM DESIGNS CAM APPLICATIONS AND SPECIAL CAM DESIGNS 47 

Cam-Operated Threading Tool and Automatic Index- 
ing for Multiple Thread Cutting.-To meet the demand for 
an economical method of chasing quadruple threads on the 
short sleeves, an  automatic threading lathe was redesigned. 
The usual lead-screw was replaced by a cam, and the croas- 
feed was arranged to feed once in every fourth pass of the 
tool. By employing a cam and proportioning the change- 
gears correctly, i t  was possible to index the work automat- 
ically from thread to thread with each longitudinal cycle 
of the tool. 

A diagrammatic plan view of the lathe is shown in Fig. 
27. The work, indicated at D, is mounted on an arbor and 
supported in the lathe in the usual manner. The gear A on 
the spindle and gear B on the camshaft K are  connected by 
means of an idler. On the right-hand end of the camshaft 
is keyed the cam J which imparts an intermittent recipro- 
cating movement t o  the carriage E through the bronze fol- 
lower H attached to the slide G. In  order to maintain con- 
tact between the follower and cam, a weight M was pro- 
vided, which i s  connected to the carriage by a cable passing 
over pulley L. 

The ratio of gears A and B is such that, for  every revolu- 
tion of the cam, the work rotates 1 3/4 revolutions. In other 
words, the work assumes a new angular position a t  the be- 
ginning of each cut. This change in position is equivalent 
to 90 degrees. Thus the work is indexed smoothly from 
thread to thread without employing a complicsted indexing 
mechanism. 

Calculating Gear Ratio and Developing Cam.- The 
method of calculating the gear ratio and developing the cam 
for the multiple-threading operation will now be described. 
In Fig. 28, the line ON was drawn equal to the cam circum- 
ference, and on this line the cam was developed. Line ON 
was divided into seven equal parts by vertical lines num- 
bered as  indicated. Since the thread to  be cut was quad- 
ruple, each one of these equal parts was assumed to repre- 
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sent one-fourth of a spindle turn. Thus the ratio of the 
spindle turn to the cam turn is 7 to 4 ;  that is, when the 
cam completes one turn, the spindle makes 7/4 or 1 3/4 
turns. Gears corresponding to this ratio have 40 and 70 
teeth. The larger gear or the one having 70 teeth is mounted 
on the camshaft. 

Now i t  is obvious that the part of the cam that forms the 
thread must be an accurate helix, the development of which 
is a straight line. To develop this line, a point was located 
on vertical No. 4, 3.120 inches (the thread lead) above line 
ON. Through this point a straight line was drawn from 
point 0 to vertical No. 7. It was found that stopping the 
thread-forming portion of the cam on vertical No. 3 pr* 
vided ample carriage travel for cutting the thread. 

The exact dimensions for the cam rise were found by first 
dividing the thread lead (3.120) by 4 t o  obtain the rise for 
onequarter revolution of the spindle, or 0.780 inch. This 
rise was then multiplied by the number of spaces from 0 
corresponding to threequarters of a revolution of the spin- 
dle, and the total cam rise, 2.340 inches, was obtained. The 
lead (5.460 inches) for the working portion of the cam 
was found by multiplying the entire number of spaces by 
the rise during one-fourth revolution of the spindle. 

The dwell a t  the top of the cam allowed time for backing 
the tool out of the thread before the carriage started on its 
return movement. The longer dwell at the bottom allowed 
time for moving the tool forward and for the functioning 
of the cross-feed. With this arrangement, the work rotates 
continually in the same direction. To enable multiple 
threads of different leads to be cut on this machine, the sizes 
of suitable cams and gears can be computed by the method 
described. 

This lathe can also be used for chasing internal thread8 
in short bores. In this case, the action of the cross-feed i s  
reversed, ao that the cutting tool will be moved toward the 
center of the bore a t  the end of each cut. 
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Double-Acting Pivoted Cam Mechanism for Folding 
Die.-- The forming plunger H and slides I of the die shown 
in Fig. 29 are so actuated by an  ingenious mechanism that 
the two tabs of a flat blank are folded and tightly clenched 
over the central portion, as  shown a t  B, in  one stroke of the 
punch-holder C. After placing the piece in the position 
shown a t  W, the press is tripped. 

The upper surface of part G, coming in contact with stud 
F, causes cam E to act on plunger H. Plunger HI acting on 
the work, forces it between the ends of slides I, causing the 
tabs of the work to be bent upward. As the lobe of the cam 
E passes the roller PI the spring L in plunger H reacts on 
cam E, causing it to swing quickly to the right until it is 
restrained from further movement by stud F coming in  
contact with the lower flange of part G, as shown in Fig. 30. 
This has the effect of causing plunger H to rise rapidly and 
thus avoid interference with the inward movement of the 
slides I. As the ram reaches its bottom position, the slides I 
are operated by the cams D, causing the tabs in the work 
to be folded over. 

Fig. 30 shows the die with the ram at the bottom posi- 
tion. As the ram ascends, the slides I return to the posi- 
tions shown in Fig. 29, while the cam E, being returned to 
its original position, again acts on plunger HI causing it to 
press tightly on the folded tabs of the work. On this stroke 
of plunger HI there are three thicknesses of metal under 
it, whereas on the first stroke there were only two thick- 
nesses. This causes plunger K to recede a distance equal 
to one thickness of the stock. Thus the pressure on the 
work will always be equal to that exerted by the spring N, 
and can never be great enough to crush the work. 

Operating Two Slides in Opposite Directions with 
One Single-Groove Cam.-In redesigning a tapping ma- 
chine to be used for tapping opposite sides of a part 
simultaneously, two tapping heads were required to travel in 
opposite directions. This movement, as first suggested, was 
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to be obtained by means of individual cams. A simpler 
method was devised for transmitting movement to both 
heads from a single cylindrical cam being used, as indicated 
by the diagram, Fig. 31. 

The diagram is so clear that i t  hardly requires a descrip- 

tion. There are numerous cases to which this idea may be 
applied, with a great reduction in construction and upkeep 
cost. As indicated, one cam groove serves both heads (not 
shown). In  stationary guides A and B, on opposite sides of 
the  cam, are slides C and D. These slides carry the  rolls E 
and F, both of which engage the same cam groove. The 

slides a r e  connected to their respective heads by the  tie- 
rods G and H through which the required movement is 
transmitted. 

Sliding Triangular Cam for Reducing Cam Size and 
Stroke.. In many automatic machines, sliding cams are 
employed for transmitting a straight-line movement to  the 
tool or t h e  work-holder, followed by a dwell to permit load- 

Ing and unloading of the work. Frequently this dwell is 
u n u s u ~ l l y  long, and the movement of the  cam follower con- 
siderable; hence, a cam of the  usual design would not only 
be large in proportion to other par ts  of the machine, but 
also would require a comparatively long stroke. These ob- 
jections are  overcome with the cam shown in Fig. 32. This 
cam is positive and compact. 
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Thc cam A is supported a t  the ends H and J by suitable 
bearings, and is given a reciprocating horizontal movement 
by some member of the machine. It has a continuous roll 
groove following a triangular path, and is  equipped with 
locking plates B and C for retaining the  roll D in the proper 
section of the groove. These locking plates are  a sliding 
fit in the caps E and F, respectively, and a re  normally held 
in the position shown by coil springs. 

In the position indicated, the cam has nearly completed 
its stroke toward the right. Further movement of the cam 
will cause the roll to depress the locking plate B; and a t  t h e  
end of the stroke, when the roll has reached the end of t h e  
horizontal section of the groove, the  plate will once more 
return to the position shown. 

As the movement of the cam i s  reversed, the roll is forced 
upward along the  edge of the plate and  finally into t h e  
groove, imparting a vertical upward movement to the fol- 
lower arm G. This movement of the follower arm continues 
during the first half of the cam stroke. During the re-  
mainder of the stroke, however, the  follower arm is re- 
turned to i t s  start ing point, after  having passed the locking 
plate C, which is  similar t o  plate B. 

At this point, the movement of the cam is reversed and  
the roll simply rides in the horizontal section of the groove 
for the entire return stroke of the cam. During the latter 
stroke no vertical movement i s  imparted to the roll, and  
hence the follower arm G dwells a t  this  time. This completes 
the cam cycle. The distance that  the cam follower moves, 
a s  well as the  timing, may be varied by changing the angle 
of the angular groove sections. 

Double-Adion Cam that Rotates Follower and Moves 
it Axially.-The interesting mechanism Figs. 93 and 34 is  
used in a four-slide spring-winding machine. Springs 1/2 
inch in diameter and 1 1/4 inches long a re  made in th is  
machine. At  one station, the spring is coiled and cut off. 
It is then carried, by means of a transfer arm, to another 
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station, where the ends are bent parallel with i ts axis, after 
which the completed spring is ejected from the machine. 
The transfer arm moves through three different planes dur- 
ing each cycle, yet all its actions are controlled by a single 
cam. The reason for forming the spring ends a t  a separate 
station is that another spring is being wound while the 
preceding one is being formed. With this arrangement, the 
production is practically double that obtained when the 
forming was done on the coiling mandrel. As a matter of 
fact, i t  would have been extremely difficult to perform all 
the operations at  one station. 

The transfer arm A has two jaws B mounted on its over- 
hanging end. Between the jaws is gripped the coil spring 
W, on which the coiling and cutting operations have been 
performed. The jaws are centralized by the pin C against 
which they are held normally by the coil spring shown. The 
arm is bolted and doweled to the vertical plunger E, which 
is a free fit in a long bearing cast in the machine frame. 
The plunger is given a combined vertical and rotary move- 
ment by means of the cam G mounted on the drive shaft H. 

The connection between the cam and the plunger is made 
by the roll J pivoted in the plug K. The plug, in turn, is a 
free fit in a hole bored in the lower end of the plunger. Thus 
the plunger can be rotated to any position, yet the roll will 
remain in the same plane, being constrained by the con- 
tinuous cam groove L. As indicated, jaws B have grasped 
spring W and elevated i t  vertically to the position shown, 
through the action of cam G. Incidentally, the coiling arbor 
R has automatically receded to permit the spring to pass 
upward. The lower end of plunger E is square and is a 
sliding fit between the flanges of the cam. Thus, when the 
square end is confined between the flanges, the plunger can- 
not rotate. However, a t  certain points in the flanges, gaps 
are  provided to permit rotation of the plunger for swinging 
the transfer arm 90 degrees to the forming station indicated 
in dot-anddash outline a t  the upper part of Fig. 34- 

The finger N is fastened to the cam for the purpose of 
rotating the plunger a t  this time. This finger engages a lug 
on the collar 0, pinned to the plunger, and starts the rota- 
tion of the plunger. The rotary movement is then picked 
up and continued as  the end P of the flange comes in contact 
with the squared end of the plunger. This action is more 
clearly illustrated in Fig. 35. Here the cam is rotating in 
a clockwise direction and the finger N is about to swing the 
plunger in the direction indicated by the arrow. 

Fir .  85. Plan Vier of Collar 0. Fir.  33. B h o w i n ~  Flnrsr N About to 
Rotata Plunrer E 

As the cam rotates the finger N engages lug Q and rotates 
the plunger until the flange end P comes in contact with the 
squared end of the plunger and continues the rotation of 
the latter until i t  has completed its 90-degree movement. 
At this position, the squared end of the  plunger enters be- 
tween the flanges, thus preventing further rotation of the 
plunger, and in addition, the finger and lug absorb the 
entire starting torque. The rotary movement of the plunger 
occurs while the roll is passing over the concentric portion 
S of the cam ; hence, the height of the arm remains constant 
a t  this time. However, as the cam continues to rotate, the 
roll descends to the low concentric par t  of the cam lobe at T 
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and dwells, causing the arm also to descel~d and dwell. In 
descending, jaws B enter between two stationary guides U 
which prevent the jaws from opening during the forming 
operation. The operation at this station consists of bending 
the projecting ends of the spring outward so that they will 
be parallel with the axis of the spring. This is done by the 
automatically controlled punches which advance, with their 
slides, and bend the ends over the corners Y of the jaws. 
The position of the spring ends relative to the jaws is main- 
tained by the two pins indicated. 

When the ends have been formed, the cam raises the arm 
vertically to  its former height. At this time, the roll en- 
gages the cam surface a t  Z and, as on the opposite side of 
the cam. the plunger ana arm are brought back to their 
original position. In this case, however, finger D, engaging 
lug F, starts the rotation of the plunger, after which the 
corresponding flange end completes the 90-degree move- 
ment. When the arm is swung back, a latch (not shown) 
engages the pin V and opens the right-hand jaw, allowing 
the completed spring to drop into a chute. The cam then 
allows the arm to dwell until the succeeding spring has been 
coiled and cut off. Next, the roll passes to the cam surface 
XI causing the plunger and arm to descend until the jaws 
snap over and grip the spring. This completes the cycle. 

The heavy coil spring on the plunger insures constant 
engagement of the roll with the cam. Although this mech- 
anism was designed primarily for a two-station machine, 
the same principle can be used for three or more stations 
by merely modifying the cam throws and adding the re- 
quired fingers and lugs. In order to facilitate the machin- 
ing of the cam, the cam is made in two sections and fast- 
ened together with screws, the parting line coinciding with 
the side of the roll groove. For the purpose of simplifica- 
tion, this sectional construction is not shown. 

CHAPTER I1 

INTERMITTENT MOTIONS FROM GEARS AND CAMS 

The term "intermittent motion" is applied to mechanisms 
for obtaining a "dwell" or possibly a series of dwells or 
moving and stationary periods of equal or unequal lengths. 
Many different designs of intermittent motions are in use 
because they are required on so many different types of 
automatic and semi-automatic machines. The intermittent 
motions illustrated and described in this and the two fol- 
lowing chapters, supplement the two chapters on this gen- 
eral subject found in Volume I of INGENIOUS MECHANISMS 
FOR DESIGNERS AND INVENTORS. 

Advancing Reciprocating Motion with Dwell at Each 
Point of Reversal.-In coating certain parts of household 
appliances with enamel by means of a combination dipping 
and baking machine, the parts are  hooked on an endless con- 
veyor chain and passed through a bath of enamel and then 
through an adjacent heating oven f o r  drying the coated 
surfaces quickly. In order to facilitate the spreading of 
the enamel while the parts are passing through the bath, 
the chain is given an advancing reciprocating movement. 
The chain advances to deliver the  parts  to the oven. 

This movement of the chain i s  obtained by the mechan- 
ism shown in Fig. 1. The mechanism is mounted on the 
base A of the machine. It consists essentially of a com- 
bination of planetary gearing and a double intermittent 
gear arrangement. The intermittent gearing provides the 
reciprocating movement, while the planetary gearing i s  
necessary to transmit this movement t o  the chain sprocket. 

Beginning with the intermittent gearing, ring gear B 
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and center gear C are supported in the stationary bear- 
ing D and mesh with the driving pinion E, which rotates 
in a stationary bearing. At the left-hand end of the sleeve 
that forms the journal for gear B is keyed a n  ordinary in- 
ternal ring gear F, and on the shaft t o  which gear C is 
secured is keyed the pinion G. Gear H is free to turn with 
the stud in a rm J and meshes with internal gear F and 
pinion G. The arm J is keyed to  an extension sleeve in- 
tegral with the conveyor chain sprocket K, the sleeve be- 
ing free to rotate on the center shaft. 

When driving gear E rotates in  the direction indicated 
by the arrow, the single tooth will engage the adjacent 
tooth space in  gear B and rotate the latter 1/18 revolution. 
During this movement, gear C will be locked in a station- 
ary position by gear E. Hence, the partial rotation of 
gear B will rotate gear F and cause gear  H to roll around 
the stationary pinion G and swing arm J ,  with the sprocket 
K, in the same direction. 

As the gear E continues to  rotate, i t s  cylindrical portion 
locks gear B and the single tooth engages a tooth space 
in the center gear C, rotating the latter 1/11 revolution, 
after which the cylindrical portion of gear E locks it in a 
stationary position. Rotating gear C in this way causes 
gear G to rotate and roll gear H on the now stationary 
gear F. In this manner, gear H carries arm J and sprocket 
K around the center shaft in a direction opposite to that 
of the driving gear E. This completes one cycle of move- 
ments. 

The required angular movements of the sprocket are as  
follows : 14 1/2 degrees, or approximately 0.04 revolution, 
in a clockwise direction, a s  observed from the right-hand 
end of the mechanism. The sprocket then dwells and re- 
verses i ts movement, rotating 9 degrees, or 0.025 revolution. 
The angular advance of the sprocket for each cycle is 
0.04 - 0.025 = 0.015 revolution, or about 5 1/2 degrees. 
In calculating the ratios and the number of teeth and tooth 
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spaces in the gears, two separate conditions are involved: 
First, the sprocket movement when gear E rotates gear B 
while gears C and G are locked; and second, the sprocket 
movement in the opposite direction when gear E rotates 
gear C while gears B and F are locked. 

One  Revolution of Shaft 3s Followed by Dwell 
Equivalent t o  One  Revolution.-The shaft A of the drive 
shown diagrammatically in Fig. 2 is required to make a 
revolution and then stop or dwell for  a period equivalent to 
one revolution. Shaft A is driven by shaft B, which ro- 
tates continuously. The gear G is keyed to shaft A and 
meshes with the gear E, which is a running fit on shaft B. 
The sleeve C is pinned to the driving shaft  B. When the 
drive is in operation, the clutch dog D, which is a sliding 
fit in a slot in sleeve C, drives gear E one-half revolution; 
then as  the angular face on the dog comes in contact with 
the angular or cam face F of the stationary piece H, the 
dog is withdrawn from contact with gear E at point K, 
allowing gear E to remain stationary while shaft B makes 
one-half revolution. 

After shaft B has made one-half revolution, the dog D 
passes out of contact with the piece H a t  point L, allowing 
the dog to re-engage gear E through the action of spring S. 
Gear E then makes one-half revolution, following which 
the cycle of movements described is repeated. Thus gear E 
rotates one-half revolution and then remains stationary 
while shaft B rotates one-half revolution. 

As gears E and G have a driving ratio of 2 to 1, gear G 
is given the required intermittent motion. A wide range 
in the timing of the intermittent motion may be obtained 
by varying the ratio of the gears and the length of the 
actuating or cam surface of the piece H. 

Positive High Speed Intermittent Rotary Motion.- 
The mechanism shown in Fig. 3 provides the intermittent 
rotary motion required for operating the conveyor of a 
wire stitcher. The member A receives i ts intermittent ro- 
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tary motion from the continuously rotating shaft B through 
the positive indexing action of an eccentric strap C operated 
by the eccentric L keyed to shaft B. A sprocket or gear- 
not shown-attached to the hub or face of member A trans- 
mits the intermittent motion to the conveyor. 

At each revolution of shaft B the member A is indexed 
1/11 revolution by pin D which engages one of the eleven 
evenly spaced slots S. During the idle or return movement 
of pin D, the member A is locked in position by pin E. The 
ratio of the idle time between the indexing movements, to 
the indexing time, is 73 to 107 in the design illustrated. 

At the beginning of the indexing movement, member A 

Fig. 8. A Conm-tly Roteting Shaft B . n d  Eceantric 1 m p . N  r Poeltlre I n t d t t m t  
Motion to Wernbor A whiah 11 Looked During the Idlm Period 

moves slowly, but the speed increases rapidly t o  the  maxi- 
mum and then slows down as the end of the movement is 
reached. As  the mechanism stops the load slowly and with- 
out shock, i t  can be operated at high speeds, a s  compared 
with the usual ratchet wheel and pawl mechanism, which is 
difficult to balance and has a tendency to "overthrow" un- 
der appreciable loads. 

The member A is always engaged by one or both of the 
actuating teeth D and E. These teeth are pivoted to the 
extreme opposite ends of the eccentric strap C. Overthrow 
is prevented by the locking tooth El which is a free sliding 
fit in the groove G machined in the frame H. This slot 
restricts the movement of the pivoted tooth E so tha t  i t  is  
forced to travel in a vertical direction. 

The view a t  the left shows the parts of the mechanism in 
the positions they occupy at the completion of the indexing 
movement. It will be noticed that the tooth E has entered 
one of the slots in member A before tooth D has become 
disengaged from another slot of the member. 

The peculiar motion imparted to the eccentric s t rap C by 
the eccentric L, due to the vertical path which i t .  lower end 
is forced t o  follow, causes the top end of the strap t o  move 
in an elliptical path, carrying with i t  the actuating tooth D. 
Tooth D is always held in a radial position by a slot in the 
guiding arm, which is a free fit on the hub of member A. 
The elliptical motion and the radial guide force the actuat- 
ing tooth D to engage and disengage successively the slots 
in the edge of member A,  thus converting constant rotary 
motion into a positive intermittent motion. 

The mechanism is equally efficient when operated in 
either direction. In adapting i t  f o r  other purposea, the 
following characteristics should be considered : The slot 
spacing in member A controls the amount of intermittent 
motion and also the idle time. There must be an odd num- 
ber of slots if the best action is to be obtained, but as a gear 
or sprocket drive of the proper ratio can be used to  suit in- 
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dividual requirements, this characteristic is not a vital fault. 
If too few slots are used, the eccentric throw will be 

excessive and the action of the mechanism will not be so 
smooth as  with a greater number of slots. It is well to 
bear in mind that fewer slots decrease and more slots in- 
crease the idle time. 

The interior of the mechanism shown is filled with grease, 
but the  flanged parts of the frame could be fitted with a 
cover and a packing ring could be provided on the hub of 
member A so that the mechanism could be filled with oil. 
With this form of lubrication, the carrying power would be 
increased to handle greater loads a t  higher speeds. 

Fir. 1. Intsrmlttent Ywhnlun rhlah Prorid- r Lmu.r Idl. Pdad tbu tha 
h i m  Shown Ln Fir. 8 

Another Design of Positive High-Speed Intermittent 
Motion.- The intermittent rotary motion jus t  described is 
suited fo r  use where the idle time is short, as compared 
with the feeding time. The total idle time between the 
rotary o r  feeding movements in the  case of the  mechanism 
about to be described is equivalent to  more than 180 de- 
grees per revolution, while in the  case of the  previously 
described mechanism it was less than 180 degrees. 

The principal difference in the designs is found in the 
location of t h e  actuating teeth D and E (see Fig. 4)  in 
relation t o  the member A to  which the  intermittent o r  in- 
dexing motion is imparted. The actuating teeth operate on 
the outside of the slotted ring of member A, so tha t  the 
idle time occurs while the eccentric throw travels above the 
center line during the return stroke of s t rap S. The for- 
ward or  feeding movement, therefore, occurs while the 
eccentric throw travels below the horizontal center line. 
With this arrangement, the longer throw of the eccentric 
is utilized for the idle o r  return movement of arm S, while 
the shorter throw is employed fo r  the  feeding movement. 
I t  will be noted tha t  the shaft  and i t s  eccentric driver B 
rotate in a direction opposite to that  of the driven mem- 
ber A,  whereas in the design previously described, these 
members rotate in the same direction. 

When the mechanism is in operation, the  central shaft 
to which the eccentric driver B is  keyed rotates a t  a con- 
stant speed. The lower end of the  s t r a p  S is restricted to 
a vertical motion by the  tooth E. Tooth E is pivotally 
mounted on s t rap  S ,  having a wide bearing on the strap, 
and slides freely in a groove in the  rigid frame. The tooth 
D at the opposite end of s t rap S has a similar pivoted con- 
nection t o  the s t rap  and slides freely in  a groove cut in  the 
radial rocker guide R, which is a f ree  turning fit on the 
central shaft  bushing. The guide rocker R serves to  main- 
tain the tooth D in a radial position with respect t o  the 
central shaft. When the mechanism i s  in operation, the 
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eccentric B causes the teeth D and E alternately to engage 
and disengage the equally spaced slots T cut in the annular 
r ing and produces the intermittent motion of member A. 

The vertical motion of the bottom end of the strap S, 
combined with the rotary motion a t  the center imparted 
by the eccentric B, gives the top end of the strap carrying 
tooth D a peculiar elliptical motion. This motion is  such 
tha t  tooth D alternately engages and disengages successive 
slots T, thereby imparting the required intermittent motion 
t o  the driven member A. The length and shape of the teeth 
a r e  such that  either or  both teeth are  always in engage- 
ment with slots in member A, thus giving a positive control 
over the motion. Tooth E locks the part  A in position while 
tooth D is  on i ts  return or idle stroke. Tooth D engages 
a slot preparatory t o  the forward movement before the lock- 
ing tooth E is disengaged. A hub a t  the side of member A 
is provided so that a sprocket or gear can be attached to  it,  
through which the motion is transmitted to  other parts. 

This mechanism has several desirable characteristics, 
such as i ts  slow starting and stopping action, absence of 
over-throw, positive locking between movements, compact- 
ness, and ability to operate in either direction. It can also 
be operated a t  relatively high speeds. The idle time is  de- 
termined by the number of slots, and is always equivalent 
t o  more than 180 degrees per revolution. With nine slots. 
as in the design illustrated, the idle time is 200 degrees per 
revolution. With fewer slots, the idle time would be greater, 
and with a greater number, the idle time would be less. For  
the best action, there should be an  odd number of indexing 
slots. 

Planetary Intermittent Gearing.- Intermittent gearing 
of the planetary type may be used to advantage in cases 
where the driving and driven shafts must be in line with 
each other, and where a large number of dwells per revolu- 
tion of the driven shaft is required. A drive of this type 
is shown in Fig. 6. 

The ring gear A is stationary, and the  single-tooth gear B 
is driven by means of the shaft  C through the  gears D and 
E. Gear D i s  keyed to  shaft  C, while gear E is integral 
with gear B. Both gears E and B are  free t o  turn on the 
shaft J, mounted in the arms F and G. A hub on the lower 
end of a r m  F turns freely in the stationary bearing H, the 
intermittent movement being taken f rom this hub. Gears 

r 
Pitch diameter of rlne gear =9 6* 
Pitch diameter of a l l  other gea;s ~3.2" 
All teeth are 5 dlarnet 

D, E, and B, in this case, have the same pitch and pitch 
diameters; hence, according to the  principles of epicyclic 
gearing, one-third of a revolution of shaf t  C is required to 
index the  a rm F one division. 

In the position shown, the single tooth in gear B is about 
to engage a tooth space in the r ing gear. A s  soon as this 
engagement occurs, arms F and G will s tar t  to rotate on 
shaft C in a counter-clockwise direction. Rotation of the 
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arms continues until the single tooth has left the tooth 
space, a t  which time the concentric portion of gear B en- 
gages the corresponding cylindrical surface L in the ring 
gear, locking gear B and causing arms F and G to dwell. 
The arms continue to dwell until the tooth in gear B has 
engaged the next tooth space in the ring gear, which causes 
the arms to move toward their next dwelling position. In 
designing the single-tooth gear B, sufficient clearance should 
be provided, a s  indicated, at  K; otherwise, interference with 
the ring gear will result. 

Rotary Motion which Varies from Zero to Maximum 
and Vice Versa.-The purpose of the mechanism illus- 
trated in Fig. 6 is to produce an intermittent rotary motion 
which will s tar t  and stop a driven member without shock 
and yet keep i t  under positive control throughout the cycle. 
This motion is obtained by the practical application of the 
mathematical curve known as  the epicycloid, which is the 
cuwe traced by a point on a circle as the latter revolves on 
the outside of another fixed circle. 

The arm A is keyed to the driving shaft  B which revolves 
continuously a t  a constant rate. At each end of arm A is 
a revolving shaft C ,  which has a revolving gear D keyed to 
one end and a short arm or crank E keyed to the other. 
The two revolving gears D mesh with a fixed gear F which 
is concentric with the driving shaft. All three gears a r e  of 
equal diameter. At the end of each crank E is a roller G, 
the center of which lies on the pitch circle of the correspond- 
ing gear D. The circular plate H revolves freely on the 
driving shaft B as  it is driven by rollers G, each of which 
engages a radial slot in the plate. The drive is taken from 
plate N in any desired manner. 

I t  will be seen from the illustration that the centers of 
the rollers G trace the epicycloids shown by the broken 
curves in the end view. As the arm A rotates, the angular 
velocity of the centers of the rollers and of the driven plate 
gradually increases from the zero point a t  K until, i n  the 
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position shown, the angular velocity is greater than that 
of the driving shaft; from this point and during the follow- 
ing half revolution of the driving arm, the angular velocity 
of the roller center and of the driven plate is gradually re- 
duced again to zero at  point K. Since the gears are of equal 

diameter, the roller centers and the driven plate make a 
complete revolution in the same time as  the driving shaft. 

The angular velocity of the driving shaft  is constant. If 
B equals the angular position of the driving arm from the 
zero point K, and u equals the angular velocity of the driven 

6a (1 - cos 8) 
plate H, then u = . The maximum angular 

E - ~ C O S ~  
velocity of the driven plate is 1.3 times that of the driving 
arm. 

Mechanism for Driving Two Shafts Intermittently and 
Alternately.- The mechanism shown diagrammatically in 
Fig. 7 was designed for use on a special machine. In opera- 
tion, the constantly rotating shaft A, through a gear train, 
drives worm-wheel B one revolution in  the direction indi- 
cated by the arrow, after which the gear-shifting mechan- 
ism functions automatically, causing worm-wheel B to dwell 
and the driving motion to be transmitted to worm-wheel C 
through another gear train. After worm-wheel C has been 
driven one revolution, the gear-shifting mechanism again 
functions, causing worm-wheel C to  dwell while the driving 
action is again transmitted to worm-wheel B, thus complet- 
ing the cycle, which is continuous as long as  the driving 
shaft A rotates. 

The clutch member Dl which is slidably keyed to  shaft G, 
is shown in the neutral position, but: when the mechanism 
is in operation, this clutch is in engagement with either 
pinion E or F, causing shaft G to rotate in one direction 
or the other, depending upon which pinion is engaged. The 
driving of shaft G in either direction from the crown gear 
on shaft A is made possible by the "free-wheeling" type fric- 
tion clutches, consisting of two members H and I, and the 
friction rollers arranged as shown in the section view in the 
lower right-hand corner of the illustration. Two mem- 
bers I of the proper hand are keyed to  the shaft and the 
two friction members H and J are slipped over them. Thus. 
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when the clutch member D is in mesh with pinion F, the 
wedging action of the friction rollers serves to lock mem- 
bers H and I together as one piece, while member J runs 
freely over its mating member I. When the clutch engages 
pinion E, the direction of rotation of shaft G is reversed, 
the drive being through friction clutch J, while member H 
runs free. Thus, the direction of rotation of shaft G is 
controlled by the movement of clutch member D. 

Spur gear teeth on members H and J mesh with the spur 
gears K and L, which have worms cut on their hubs that 
mesh with the worm-wheels B and C, respectively. The 
manner in which the clutch is automatically controlled to 
give the worm-wheels B and C their respective intermit- 
tent movements is shown by the upper view. 

Assume that the mechanism is in operation and that 
clutch D is in engagement with gear E,  so that worm- 
wheel C is being driven in the direction indicated by the 
arrow. When pin M on the worm-wheel comes in contact 
with the flat spring on the swinging arm N, which is a 
free turning fit on the worm-wheel shaft, it causes the 
swinging arm to come in contact with the roller on shifter 
lever 0. The latch P would be down a t  this time instead 
of in the position shown. In the down position, a step on 
the latch engages a collar Q on the shifter slide, preventing 
the slide from moving to the right. Thus, continued rota- 
tion of the arm N serves to compress the spring R until a 
cam surface on the shifter lever lifts latch P, releasing the 
spring, which forces clutch member D to the right into 
mesh with gear F, engaging the drive to worm-wheel B, 
and allowing worm-wheel C to dwell. When this takes 
place, the shifter lever 0, being released from the pressure 
exerted by spring R, also moves to the right and the arm N 
is rotated past the roller on lever 0 by the flat spring, pre- 
viously compressed by pin M. 

When worm-wheel B has rotated through the required 
angle, the pin S comes into contact with the flat spring on 

a swinging arm similar to the arm N previously described. 
The movement of the clutch member D into engagement 
with gear E is accomplished automatically, the same as the 
movement in the opposite direction. This cycle of opera- 
tions i s  repeated automatically. 

Adiustment of Intermittently Driven Sprockets while 
Drive is Operating.- Motion picture projectors are de- 
signed to  give the film a rapid intermittent movement, stop- 
ping it sixteen times every second. These dwelling periods 
in the movement of the film are so timed that the light is 
projected through the film only when i t  is stationary. Mov- 
ing pictures, therefore, are in reality a series of sixteen 
stationary pictures projected on the screen every second a t  
normal operating speed, and owing to the "persistence of 
vision" this rapid succession of still pictures causes the suc- 
cessive views to blend into one another and produce the 
effect of continuous :notion. 

The edges of the film have accurately spaced perforations 
which are  engaged by teeth on a double sprocket E (see 
Fig. 8). The drive to this sprocket is through the internal 
driving gear A, the driven gear B, driving disk C of the 
intermittent motion, and driven member D on the sprocket 
shaft. This driven member turns 1/4 revolution for every 
complete turn of driver C, and this quarter turn of D oc- 
curs during one-fifth of the revolution of C. During the 
remaining four-fifths of a turn of C, member D is locked 
in the stationary position. 

This mechanism has an original feature which makes it 
possible to shift the film sprocket E from, say, its lowest 
position, which is the one illustrated, to  a higher position, 
without interfering with the intermittent drive and while 
this drive is in operation. It  was discovered accidentally 
that four points in a plane may be so located relative to one 
another that two of these points, if moved along straight 
lines perpendicular to each other, will cause a third point 
to describe an  arc  about the fourth; thus, if points a, b, 
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and c on the diagram are located properly, the movement 
of point a to a, and of c to cl will cause point b to describe 
an arc of radius R about point e. 

Before describing the essential requirements in this de- 
sign, its practical application will be explained. This ap- 
plication is illustrated by the diagram just referred to, in 
conjunction with the sectional view just above it, which 
represents the actual mechanism. The line abc  of the dia- 
gram represents the center line of the a rm G. When the 
axis of the sprocket E is shifted along a straight line, as 
indicated on the diagram at ccl the axis of roller H moves 
along a perpendicular straight line @al. In conjunction 
with these two straight-line movements, the axis of driven 
gear B (represented a t  b on the diagram) describes an arc 
bb,  of 90 degrees. As this arc  is concentric with the axis 
of driving gear A, driven gear B continues to mesh prop- 
erly with A during the straight-line movement of sprocket 
E, which is the requirement. 

From what has preceded i t  will be evident that, in de- 
signing this mechanism, the problem is to  so proportion the 
angular arm abc  that when c and a move along straight 

- 

lines at  right angles, point b will follow a circular arc hav- 
ing a radius R equal to one-half the difference between the 
pitch diameters of gears A and B. To obtain this circular 
movement of point b, the design must be according to the 
following requirements : 

Points a and c muat be equidistant from point b.  
The angle between arms ab and bc must be 120 degrees. 

If z equals the length of the straight-line movement, and t/ 
equals the dimension ab or bc, then, 

2 1 
Radius R = 

The movement of sprocket E is effected by a hand-lever 
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connected with link F. This adjustment in the position of 
the sprocket is only used when an improperly made splice 
in the film requires what is known as  "framing." 

Intermittent Rotation for Measuring Typewriter 
Ribbon as it is Wound on Spool.- In  winding typewriter 
ribbon on spools, a device like the one shown in Fig. 9 is 
used for stopping the rotation of the spool when a prede- 
termined length of ribbon is wound up on it, at which time 
the ribbon is cut off. The spool is slipped on the end of the 
power-driven shaft A, and the ribbon i s  drawn from be- 
tween the two rolls B and C. A coil spring (not shown), 
acting upon the upper roll, serves to  keep a constant pres- 
sure of the rolls on the ribbon, so that  as the ribbon is 
wound on the spool, both rolls are rotated. 

Roll C ,  through the medium of the gears D, E, and F, 
rotates the chain sprocket G, over which the chain H is 
hung. Protruding from one of the links in this chain is 
the pin J which, through the levers K and L, disengages 
the clutch M  from the driving pulley N and thus discon- 
tinues the rotation of the spool. The length of the ribbon 
wound on this spool depends upon the circumference of the 
roll C ,  the ratio of the gears, the number of teeth in the 
sprocket, and the number of links in the chain. 

For every cycle of this chain, the pin depresses the lower 
end of the lever K, and in doing so, forces the upper end 
of the lever toward the right, allowing the hand-lever L to 
swing in a clockwise direction under the pull of the 
spring 0. This hand-lever is secured t o  the clutch mem- 
ber M ,  a t  the right-hand end of which is a cam-shaped pro- 
jection engaging a similar projection on the stationary hub 
of the bracket P. As the end of lever L moves downward, 
the clutch member is oscillated on the shaft  A and the cam 
projections are  disengaged, allowing the coil spring Q to 
force the clutch member to the right and disengage ita 
teeth from those of the driving pulley, thus discontinuing 
the rotation of the shaft and the spool. 
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To prevent further rotation of the rolls (due to inertia) 
after the clutch has been disengaged, the brake arm R is 
provided. This arm is attached to the pivot shaft of the 
lever K, so that just as soon as this lever has been tripped, 
or immediately after the clutch has been disengaged, the 
end of the nand-lever L swings downward and wedges 
against the edge of lever K, forcing the brake-shoe against 
the roll C. 

P U N  w c w  
O f  TRIP LNU 

DISENOAGED 
VIEW X-X 
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In the design shown, roll C has a circumference of 
12 inches, and the ratio of the gears and sprockets is such 
that when the roll rotates once, the linear movement of the 
chain is equal to the pitch of the chain; hence, the number 
of links in the chain corresponds to the number of feet of 
ribbon upon the spool. Although designed primarily for 
winding typewriter ribbon, this device could doubtless be 
used successfully for other applications. 

Intermittent Movement from Continuous Rotary 
Motion.- A mechanism for transforming continuous rotary 
motion into intermittent rotary motion is shown in Fig. 10. 
A movement such as  this is often applied to indexing plates 
or tables of multi-stage drilling or chucking machines. The 
mechanism consists chiefly of two clutch members A and B, 
which are automatically disengaged a t  uniform intervals by 
means of a key actuated by the trip-lever C. 

The driving gear D is rotated uniformly, receiving its 
motion from some other member of the machine. This gear 
meshes with the pinion E on the lower clutch member B. 
In the upper clutch member A is a sliding key F, which is 
backed up by a coil spring. This key is forced by the spring 
into the slot G when the lower clutch member is rotated 
into a position where the key and slot are in alignment. 
When this engagement occurs, both members of the clutch 
are locked together. The ring R, which is shrunk on the 
lower part of the clutch member A, serves to retain the key 
in its slot. 

Pinion H is  integral with the upper part  of the clutch 
member A and meshes with the gear J. This gear, in turn, 
serves to drive an indexing plate (not shown). The clutch 
is engaged through the action of the pin K in the driving 
gear D; and a t  a certain point in the rotation of this gear, 
the pin trips the lever C so that the lever and the dog M 
assume the position indicated by the dotted lines in the 
detail plan view a t  the right. The shaft on which the lever 
and dog are keyed rotates in a stationary bearing secured 
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to  the machine. As soon as the point of the dog is lifted 
out of the wedge-shaped slot in the key, the latter is free to 
drop down into the slot G, provided the two members of the 
clutch are located in the proper position radially. When 
the key enters the slot G, the gear J rotates. In the mean- 
time, the pin K has passed the lever C, and the dog M is 
returned to its original position in the annular groove N 
by a spring (not shown). 

When the clutch has rotated nearly a complete revolution, 
a bevel face 0 on the key F (see detail in lower right-hand 
corner) comes into contact with a bevel P on the dog; and 
as the clutch continues to rotate, the key is forced upward 
and out of the slot G, as  shown in the detail view. 

This mechanism will operate satisfactorily a t  speeds up 
to 50 revolutions per minute, but a t  higher speeds, the key 
is not given sufficient time to drop into the slot G. If ac- 
curate indexing is required, the usual plunger arrangement 
for the indexing plate is used in conjunction with the 
mechanism described. A mechanism of this type lends it- 
self very well to jobs where it is necessary to vary the in- 

dexing ratios. To obtain 
the various ratios, the 
gear H may be made de- 
mountable with respect 
to  clutch member A. In 
this way, gears H and J 
can be changed to suit 
the required indexing  
ratio. 

Escapement Type of 
Indexing Mechanism.- 
A simple indexing mech- 
anism consisting of a ro- 
tating ring h a v i n g a 
number of radially milled 

Fir. 11. limplr ledexins Ycchralrm mhloh 
I* Opented a l p ~ d l y  k~ One h r e r  slots and sliding indexing 

fingers o r  cams is shown in Fig. 11. The device is operated 
by means of a hand-lever, which is indicated by dotted lines. 
At X, the finger B has just left a slot, and the inclined face 

Fir. 18. Kkh+u4 I a t a m l t t u ~ t  owriru 4th A m u w m r n t  tor a d u c i y  
Tooth Imp- 

of the finger A is engaging a corner of the same slot. AB 
the finger continues toward the right and enters the slot, 
the ring is moved through a little more than half a division. 
The movement of the finger is now reversed and the 
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Anger B engages the corner of the next slot, as  seen a t  Y. 
As the movement continues toward the left, the finger B 
enters the slot and pushes the ring around to its correct 
indexing position. 

Shock Absorber for High-Speed Intermittent Gearing.. 
One of the greatest objections to the intermittent type of 
gearing when used for transmitting high-speed movements 
is the impact of the mating gear teeth a t  the beginning of 
each intermittent movement. This action is due, of course, 
to the inertia of the driven gear and the offset position at 
which tooth contact takes place, as indicated at A in the 
illustration. 

The greater part of the wear, tooth breakage, and noisy 
operation resulting from the tooth impact is prevented by 
means of the arrangement shown in Fig. 12. Here a steel 
spider B having as many arms as there are dwelling posi- 
tions in the driven gear D is mounted on the shaft G. This 
spider, although free to rotate on the gear-shaft, is held 
normally by a coil spring against pin C in gear D. The 
movement of the spider on the shaft is limited by pin H. 

Just before the tooth contact at  A occurs, one of the 
pins E in gear F forces the top arm of the spider toward 
the right, causing the spring to exert a pull on pin C and 
start gear D gradually. Thus the inertia of gear D is over- 
come before the contact a t  A occurs; hence the force of the 
impact a t  the point of engagement of the teeth is greatly 
reduced. 

Auxiliary Friction - Driven Gear to Reduce Starting 
Shock of Intermittent Gearing.- In the operation of in- 
termittent gear trains the impact of the teeth at the begin- 
ning of each movement may not be serious a t  lower speeds, 
but for higher speeds, the operation of the mechanism ia 
likely to be noisy and the leading teeth are either soon bat- 
tered out of shape or broken. To overcome this condition 
in an intermittent gear train operating an automatic 
hopper, a aecond set of gears was incorporated, as  ahown in 
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Fig. 13. These gears A and B serve to  s tar t  the driven 
shaft G rotating with very little shock just before the lead- 
ing teeth in the intermittent gears come into contact. An- 
other advantage is that the starting torque is borne by a 
number of teeth in gears A and B instead of by two teeth 
only, as in the usual type of intermittent gear train, thus 
reducing tooth wear. 

The intermittent gears, which are  keyed t o  their respec- 
tive shafts, are  indicated a t  D and C. The second set  of 
gears is also mounted on these shafts. Gear A, however, 
is free to  turn on its shaft, while gear B is keyed to  the 
lower shaft (not shown). Both the gears A and B have 
teeth all around their circumference, the tooth pitch and 
pitch diameters being the same as  in  the corresponding 
gears D and C. I t  will be noted that gear A is confined 
between friction washers, which tend t o  transmit a turning 
movement to the driven shaft. The pressure of the wash- 
ers against the gear can be varied by adjusting the lock- 
nuts, which changes the tension of the coil spring. With 
this arrangement, the pitch-line speed of gear A and of 
gear D (when in motion) a re  the same. 

In operation, the driving gears C and B rotate in  the 
direction of the arrow. With the gears i n  the position 
shown, it is obvious that unless special provision is made, 
the entire force of impact in starting the indexing move- 
ment will be a t  point H. In  the present design, however, 
part of the force is divided between several teeth in gears 
A and B. As soon as point F has passed point E, gear D 
begins to  rotate, through the action of the friction drive, 
before the leading teeth in gears D and C come into contact. 
This rotation is started with practically no shock, and con- 
tinues until the teeth of both intermittent geara are p r o p  
erly meshed. 

Some experimenting may be required before the check- 
nuts are adjusted so that the tension on the coil apring is 
sufficient to balance the normal load imposed on the mech- 



68 INTERMITTENT MOTIONS FROM GEARS AND CAMS INTERMITTENT MOTIONS FROM GEARS AND CAMS 89 

anism. The clearance J in gear D also deserves some men- 
tion. By removing the metal a t  this point, a longer 
dwelling surface K is obtained, thus reducing the time, a t  
the beginning and end of each dwell, in which the gears 
are in their unlocked positions. I t  should be understood 
that this mechanism is suitable for light loads only. If the 
load is too great, the wear on the dwelling surfaces of the 
intermittent gears will be excessive due to the torque pro- 
duced by the friction drive during each dwell. Rapid wear, 
however, can be prevented by the use of hardened inserts 
in the dwelling surfaces. 

Fk. 14. 0- Drive with Ep.cl.1 Oev .  Deaim~d to b e  lhrit A D?l~e 
B a t s  B and C l n t d t t e n t l y  

Gear Drive for Imparting Intermittent Motion Alter- 
nately to Parallel Shafts.-In designing a transformer tap 
changer, provision had to be made for alternately moving 
the arms of two tap adjusters with a dwell between each 
movement. Also the arms were required to  be locked be- 
tween movements. It was desirable to have the driving 
shaft at  right angles to the ahafts tha t  operated the tap 
adjuster arms. The speed reduction was required to be 
approximately 1 to 12. 

These conditions were fulfilled by the mechanism shown 
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in Fig. 14. The gear drive consists of a combination worm 
on the driving shaft A which meshes with two gears on the 
shafts B and C connected to the tap adjusters. The worm 
is built of two parts D and E. Part  D has tooth spaces 
that appear simply like annular grooves. This part  com- 
prises a segment of 270 degrees. The other part E has a 
helix angle of 53.1 degrees. These two parts have grooves 
in their sides into which annular ribs on the side plates fit 
when the four members are bolted together a s  shown. 

The two gears F and G are alternately in mesh with both 
parts D and E of the worm. This is accomplished by mak- 
ing gears F and G with teeth, as indicated a t  H, which will 
mesh with the teeth in both section D and section E of the 
driving worm. When the teeth in F and G are in mesh 
with the teeth in section D, no motion i s  transmitted from 
the driving to the driven shaft. One rotation of segment E 
past F or  G serves to rotate either one of these gears 
through a n  angle of 27 degrees. The gears F and G each 
have 40 teeth. The section E is a 90-degree segment of a 
12-thread worm. With this arrangement, gear F and then 
gear G will be turned through an angle of 27 degrees. There 
is a stop or dwell between each movement corresponding to 
three-fourths revolution of the driving shaft. Both pinions 
are locked between their respective rotational movements. 

Combination Cam and Differential Gear Movement 
for Chain Conveyor.- Sprocket chain conveyors are used 
extensively for conveying containers through filling ma- 
chines, and frequently the drive is arranged so that the 
chain dwells at regular intervals to permit the filling of 
the containers. One rather interesting drive for obtaining 
this intermittent conveyor movement i s  shown in Fig. 16. 
Its design embodies a cam which transmits a rocking move 
ment to a differential planet gear for controlling the rota- 
tion of the driving sprocket of the conveyor chain. This 
mechanism has its application in a machine for filling glass 
vials with liquid. To prevent the spilling of the liquid from 
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the vials as they pass along on the conveyor, provision is 
made to eliminate shock in stopping and starting the chain. 

The intermittent movement is transmitted to the sprocket 
shaft A from the constantly rotating drive shaft B through 
the spur gears C and D, miter gears E, F, and G, and also 
through the cam H. Gears C and E are  pinned to  the drive 
shaft, the  end of which turns freely in the end of the driven 
shaft A. On this shaft i s  keyed gear G which meshes with 
gear F. Gear F is mounted on the a rm J, which is free to  
turn on shaft B. The outer end of arm J carries a fol- 
lower roll L which engages the cam H, the latter being 
pinned t o  the pinion shaft  K. In order t o  synchronize the 
conveyor movement with that  of the rest of the  machine, 
each intermittent cycle of the conveyor chain must occur 
during one-quarter revolution of the drive shaft B. 

There a re  four vial stations to each length of conveyor 
chain equivalent to the pitch circumference of the sprocket; 
hence, in  order to cause the chain to dwell as each station 
passes the filling valve, the sprocket M must dwell after 
each quarter revolution. It was found by experiment that  
a vial could be filled in the same time that  it takes shaft  B 
to rotate one-eighth revolution. Thus, having determined 
the angular movement of this shaft during the dwell period, 
i t  remains t o  proportion the gears and cam to impart the 
required rocking motion t o  a rm J for obtaining this dwell; 
that  is, t o  cause gear F to roll on gear G without rotating 
the latter and the sprocket. 

Assuming that arm J is stationary, one-eighth revolu- 
tion of gear E in the direction of the arrow would rotate 
gear G the same amount in the  opposite direction. Now 
suppose that  during this one-eighth revolution of gear E, 
arm J were rotated one-sixteenth revolution in the same 
direction. Then gear F would merely roll on gear G and 
the latter would remain stationary. Since we know the 
movement of arm J required to  cause gear G and sprocket M 
to dwell during one-eighth revolution of the drive shaft, 
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the contour of the  cam can be developed. The throw of the 
cam will, of course, correspond to the angular movement of 
the arm. One complete cycle of the cam is required for 
each one-quarter revolution of the drive shaft. Therefore, 
the ratio of gears C and D must be 4 to 1. 

Thus, while the  drive shaft  B rotates one-eighth revolu- 
tion from the position shown, the cam will rotate one-half 
revolution and gear F will roll on gear G, causing the latter 
and the sprocket to dwell. During the next one-eighth revo- 
lution of shaft  B, however, the cam will complete its revolu- 
tion, swinging the  a r m  in the opposite direction and causing 
gear F to rotate gear G one-quarter revolution, or twice the 
amount it would rotate if arm J were stationary. In this 
way, i t  will be seen that  shafts B and A have the same 
angular movement for each station movement, although 
shaft A rotates a t  a higher velocity, owing t o  lost motion 
resulting from its  dwell. 

By observing the contour of the cam, i t  will be noted 
that  i t  is developed to impart a constant rise for the first 
half revolution. This constant rise is important if a steady 
dwell is to be obtained. For  the  remaining half of the cam, 
the contour is such that  the beginning of the upward move- 
ment of the  a r m  is accelerated and then retarded at the 
top. This accelerating and retarding of the  arm, when 
transmitted through the gears, results in a corresponding 
movement being imparted to the conveyor chain, the shock 
to the chain being so slight tha t  spilling of the  liquid in the 
vials does not occur. The working torque transmitted 
through the  gears i s  sufficient to maintain engagement of 
the follower roll on the cam. 

Parallel Slides with Latch a n d  Cams for Operating O n e  
Slide Intermittently.-In connection with a certain extru- 
sion process, i t  was found necessary to withdraw two slid- 
ing members of a stripping mechanism up t o  a predeter- 
mined point, af ter  which one slide had to  remain stationary 
while the other completed its full travel. On the retnrn 
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stroke, the stationary slide had to be "picked up" and car- 
ried along with the other slide. Fig. 16 shows how this is 
accomplished by the use of a swinging latch, the principle 
of which might well be applied to other devices where one 
of a pair of slides must have a temporary dwell. This latch 
operates between two flat profile cams with oppositely dis- 
posed notches shaped to receive the rollers on the latch. 

The upper cam A is secured to the moving platen or slide 

B, while the lower cam C is fixed to the bedplate D. The 
carriage E has a limited range of sliding movement on the 
slide B equal to the longitudinal distance between the two 
cam notches when the platen is in its "back" position. At 
both ends of the carriage travel, adjustable t r iprods J and 
H engage and disengage pawls F, respectively, these pawls 
gripping the extruded rod. 

As soon as the "stub" has been severed from the rod by 
the saw, the slide B is started ahead. At this time the rod 
is held stationary by the pawls F on the carriage, which is 
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now anchored to the bedplate; as  the die is attached to the 
moving slide, the effect is to strip the die from the rod. 
When the two notches in the cams come opposite each other, 
the latch swings out of the lower notch and into the upper 
one, so that the carriage is picked up and carried along with 
slide B. Just  before the latch swings upward, a t  which 
time the rod is clear of the die, the rear trip-rod H releases 
the pawls, leaving the rod free to  be removed. 

Intermittent Movement of Reciprocating Slide.-Many 
ingenious slide movements are to be found in the various 
types of wire-forming machines. One intermittent move- 
ment, applicable to these machines, is shown in Figs. 1'1 
and 18. In this design, the two adjacent slides A and B 
are actuated by the connecting-rod C. Slide A is connected 
directly to this rod and is given a continuous reciprocating 
movement. Slide B operates intermittently. For each cycle 
of the mechanism, slide B moves with slide A for one work- 
ing and one return stroke, dwelling for three succeeding 
working and return strokes. 

Both slides operate in the stationary guideway D. On 
slide A is mounted a locking device consisting of housing E, 
locking plunger F (Fig. 18) which engages bushing G, and 
cam H with its indexing pins J. This device is actuated 
by the spring pawl K, which slides in  a boss on the guide- 
way. 

In the position shown, the slides a r e  locked together by 
the plunger F; consequently, both slides are moving to- 
gether. They have just completed their working stroke and 
are about to  return in the direction indicated by the arrow 
(Fig. 17) .  On the return stroke, pawl K engages one of 
the pins J and rotates the cam 90 degrees, causing the  pro- 
jection L (Fig. 18) to slide upward along the deep notch in 
the housing E and drop into one of the three shallow 
notches M. This results in the plunger being withdrawn 
from bushing G in the lower slide just before the return 
stroke is completed. Hence, some means must be provided 
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for completing the return movement of slide B. Stops A7 
and 0 serve this purpose. As these stops are in contact 
with each other a t  this time, the upper stop resumes push- 
ing the lower slide to the end of its return stroke. At this 
point, spring button P engages the depression in the pad Q 
and prevents slide B from moving toward the right (during 
its dwell), due to frictional contact with slide A. 

AIR CYLINDER 

nr. IS. Yeab.nbm for Coamrthu a ConaUnt EwIPI'WA~~U 
Xorerrunt into .a Intrmlttat  Yoranmat 

For each of the two succeeding working and return 
strokes of slide A, cam H is indexed 90 degrees, as previ- 
ously described; but as  the projection L enters a shallow 
notch for all three indexing movements, slide B remains 
stationary for three working and three return strokes of 
slide A. On the last return stroke, however, cam H ia 

again indexed. This time the projection enters the deep 
notch, allowing plunger F to drop down and enter bushing 
G. At the end of this return stroke the cycle is completed, 
and on the succeeding working and return strokes both 
slides travel together. The object of the shallow notches i~ 
housing E is to prevent the cam from reversing its move- 
ment after being indexed due to the back drag on the pins J 
when they leave the pawl. 

Intermittent Movements from a Constant Reciprocating 
Movement.--A feeding mechanism operated by an  air cyl- 
inder was required to convert the constant reciprocating 
movement of the air  piston into an intermittent movement 
on the outward stroke. This movement was to be at  right 
angles to that of the piston. On the return stroke, the mo- 
tion was to be continuous and a t  a constant speed. The 
mechanism for obtaining these movements is shown dia- 
grammatically in Fig. 19. The reciprocating piston B is 
attached to the slide A. Slide A has a cam groove with the 
side C formed with a dwell to impart the required inter- 
mittent movement to the feeding plunger D on the outward 
movement of the piston. 

On the return movement, the side F of the cam groove 
returns the plunger D to the starting position without the 
intermittent motion required on the outward movement. 
There is sufficient friction in the mechanism to keep the 
roller E of the plunger D in contact with the sides C and F 
on the outward and inward movements, respectively. Auto- 
matically operated air valves control the dwell at the end 
of each stroke. The speed of the feeding and return move- 
ments of plunger D is governed by the rate a t  which air is 
admitted to the cylinders by the air  valves. 

Adiustable Clock-Controlled Intermittent Mechanism.- 
The mechanism shown in Fig. 20 is used in a bottle-cap 
counting machine. It  is the function of this mechanism to 
swing a pivoted chute alternately from one position to an- 
other, allowing the chute to remain in each position long 
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enough to permit a packing case to be filled with bottle-cap 
crowns which are delivered by the chute. Although the 
movements obtained with the mechanism here illustrated 
could be duplicated by other mechanical arrangements, none 
of the available types met the particular requirements of 
the counting machine. The mechanism here described has 
proved successful. 

The required movements are transmitted to the chute by 
the slide A. The pin Z in slide A engages a slot on the 
under side of the pivoted chute. When slide A is in the  
position shown in the upper view, Fig. 20, the chute dis- 
charges into one of the packing cases. As soon as the pack- 
ing case is filled, a clock, having i t s  actuating lever con- 
nected to rod W of the yoke P, releases the latter 
member, which causes the clutch to engage the driving and 
driven shafts and then disengage them after the driven 
shaft has carried the crank-arm K around one-half revolu- 
tion. 

The pin L of the crank-arm engages a slot in slide A and 
carries the slide to the opposite position, where it remains 
while the packing case under the chute is being filled. The 
clock then acts again, and the chute is automatically trans- 
ferred to the other filling position. This cycle of operations 
is repeated continuously, the mechanism being driven by 
the constantly rotating shaft I through the helical gears C 
and shaft D. With this arrangement, the transfer move- 
ment of the chute is accomplished very quickly and smooth- 
ly. The timing of the movements and the duration of the 
rest periods are controlled by the clock, which can be ad- 
justed to meet any operating requirements. 

Construction and Operation of t he  Clock - Controlled 
Intermittent Mechanism.-Referring now to the construction 
of the mechanism, the toothed clutch member E is fastened 
to the continuously rotating shaft D, mounted in the bear- 
ings F. Another part of the mechanism is supported in 
the bearing G, and consists of shaft H ,  on which the toothed 



102 INTERMITTENT MOTIONS FROM GEARS AND CAMS INTERMITTENT MOTIONS FROM GEARS AND CAMS 103 

clutch member El is  a sliding fit. Rotation of El on shaft 
H is prevented, however, by the two small feather keys J, 
which are fixed in the shaft and are a close sliding fit in 
the keyways in E,. 

The crank-arm Kt previously referred to, is fastened to 

the outer end of shaft H. The collar M prevents any lateral 
movement of the shaft and a t  the same time serves as a 
guide for the spring N. When the mechanism is released, 
the spring N forces the clutch element E, into engagement 
with element E, thus providing for the positive rotation of 
the crank K through one-half revolution. 

The cam 0, which causes the slide A to pause a t  the end 
of each stroke, or one-half revolution of shaft H, is fast- 
ened to the clutch element E,. The contour of cam 0, when 
rolled out in a flat position, is shown in the views to the 
right, Fig. 22. I t  will be noted that  there are two gradual 

Fi.. PP. Torm md Operation of Cam 0, Fir. 16 

rises in the cam surface, after which a sudden drop follows. 
These drops are just 180 degrees apart. 

To disengage the clutch elements, it is only necessary to 
move the clutch element E, a certain distance, depending 
upon the depth of the clutch teeth plus a reasonable amount 
of clearance between the teeth. In this case, the depth of 



104 INTERMITTENT MOTIONS FROM GEARS AND CAMS INTERMITTENT MOTIONS FROM GEARS AND CAMS 105 

the teeth was 1/16 inch. The rise of the cam contour was 
7/32 inch, giving a clearance between the teeth of 5/32 
inch. This large clearance is necessary, as will be made 
clear from the following description of the cam followers. 
The cam, which is machined in the form of a ring, is fast- 
ened to  the clutch element El by a set-screw, so that these 
two members are free to move laterally along the shaft H. 

The cam follower arrangement is somewhat more elab- 
orate than the average type of follower, and is the most 
interesting and unique feature of the mechanism. Referring 
to Figs. 20 and 21, the yoke P is guided in the bearings Q. 
These bearings are split for the purpose of facilitating the 
assembling of the mechanism. To prevent the yoke from 
rotating in its bearing, a small key Y is provided and a 
keyway is cut in the lower stem of the yoke. This restricts 
the yoke to a vertical movement. 

The lower stem of the yoke is provided with the ndjust- 
able pin follower W, which may be locked in place by nut V. 
The adjustment of this pin is very important, as it deter- 
mines the amount of movement necessary in the lever mech- 
anism (not shown here), which is attached to the pin fol- 
lower W. This lever mechanism is connected to the clock 
that times the movements. The clock-operated mechanism 
will remove the lower pin and permit the clutch elements 
to make contact under the action of the spring N. The 
upper stem of the yoke is counterbored and provided with 
the plunger pin follower R and the light spring U, which is 
held in place by the nut S. The spring T keeps the yoke in 
the upper position with its shoulder against the lower side 
of the bearing Q. 

The function of the two pin followers will be more easily 
understood by referring to the four diagrams in Fig. 22, 
which show the main positions of the pin followers with 
relation to the cam contour. At A is shown the normal 
position of the pin followers a t  the starting position. The 
lower pin is in contact with the cam contour, while the 

upper pin is free. As soon as  yoke P, Fig. 20, is pulled 
downward, the lower pin is removed and the upper pin 
strikes the outer edge of the cam ring, a s  shown in posi- 
tion B, Fig. 22. 

I t  will be noted that the upper pin is larger in diameter 
than the lower one. The purpose of this feature will be- 
come obvious on further consideration of the mechanism. 
When the upper pin strikes the outer e d ~ e  of the cam ring, 
the spring U, Fig. 20, is compressed. However, this condi- 
tion only exists momentarily, inasmuch as the spring N 
forces the clutch elements into contact a s  soon a s  the lower 
pin is removed from the cam contour, resulting in the ro- 
tation of the cam and all its attached parts. 

As soon as rotation begins, the upper pin is freed and 
drops down under the action of the spring U, so that it 
makes contact with the cam contour as illustrated in posi- 
tion C, Fig. 22. When the cam has rotated 180 degrees, the 
clutch elements are  separated and the rotation ceases. This 
last step is illustrated by position D, where the point 
marked 1 has been replaced by the point marked 2 under 
the upper pin follower R. In the meantime, the crank has 
traversed from one end of i ts stroke to the other and 
stopped. The lower pin is still out of contact with the cam 
contour, the upper pin having performed the action of sep- 
arating the clutch elements. As soon as the yoke is released, 
i t  is raised by the spring T, Fig. 20, and at the same mo- 
ment, the upper pin is removed from the cam contour and 
replaced by the lower pin. This explaina the necessity for 
having the upper pin slightly larger in diameter than the 
lower one. 

The upper pin causes the cam contour to move, or be aet 
back slightly from the edge of the lower pin follower. This 
permits the lower pin to rise freely into position opposite 
the cam contour. The cam and the clutch member El move 
toward the clutch member E as the upper pin leaves the 
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contour of the cam, but this movement is stopped by the 
lower pin. 

Two very important details should be noted. First,  the  
distance between the ends of the upper and lower pins must 
be such as t o  bring the lower pin opposite the cam contour 
before the upper pin is entirely removed from contact with 
t h e  cam. If  this condition does not exist, the spring N will 
force the  clutch elements into contact before the lower pin 
is in place to hold i t  back when the upper pin is removed. 
The  second important detail is to note tha t  the  rise of the  
cam contour is determined by the size of the upper pin. The 
upper pin must obviously be able t o  fall in with the lower 
p a r t  of the cam contour before i t  can perform its function. 

If the  yoke is released before the cam has rotated through 
180 degrees, the lower pin itself will perform the function 
of separating the clutch elements and leave the upper pin 
inactive as f a r  as contact with the cam is concerned. I n  
th is  particular case, there was no absolutely definite time 
release for the yoke, so that  a positive operating arrange- 
ment had t o  be provided which would allow a rotary motion 
of only 180 degrees a t  each releasing movement of the  
yoke P, regardless of how long the yoke was held in the  
lower position. This feature .accounts for  the use of two 
cam followers instead of one. 

It might be of interest to mention here that  this mechan- 
ism is operated a t  a speed of about 100 revolutions per min- 
ute with no difficulty. However, i t  might be necessary t o  
provide small depressions in the surface of the cam contour 
at the points where the followers rest if the speed is much 
above 200 revolutions per minute. This will prevent over- 
running of the  cam due t o  the inertia developed in the ro- 
tat ing parts. 

Intermittent Reciprocating Motion Derived from Cam 
Operated by a Chain.- At times i t  is necessary t o  obtain 
a positive reciprocating motion, followed by a period of 
dwell, from a moving chain. Such a motion can be im- 
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parted by each link of the chain with t h e  device shown in 
Fig. 23; o r  by omitting certain cam-rolls, the device can be 
made to operate only as  sections of the chain pass it. 

Referring to  the illustration, the chain J is  constructed 
of flat steel links which a re  joined together by two lengths 
of tubing, one within the other, in a way to permit a free 
turning action a t  the  link joints. Each link is equipped 
with a spindle G ,  the top end carrying t h e  work-holder (not 
shown) while at the lower end is mounted a set of three 
rolls. The smallest roll is a slip fit on the  hub  of one of 
the larger ones and acts against the  flat cam A when the 
chain is in motion. The two larger rolls come in contact 
with the bar  C, thus providing the necessary support for 
the chain while under the action of the cam. The cam is 
fastened by screws and dowels to the swinging arm M, 
which is pivoted in the bracket B by the pin N, held in the 
bracket by the set-screw 0. The bracket is secured to the 
machine table by screws, the  supporting bar  C being 
mounted on its upper part. There a r e  also two other plain 
brackets (,not shown) to support the  extreme ends of this 
bar. Connected to a projection on a r m  M is  the link P 
which carries the  reciprocating motion t o  the required part  
of the macbine. 

In operation, the roll D, as  shown in the side view, is 
about to force the point K of the cam away from the chain, 
and a s  the cam is  pivoted on pin N, the  end L will move to- 
ward the chain between the  two  rolls F and  E. Upon fur-  
ther movement of the chain, edge X will come in contact 
with the roll E. A t  this time, the  center of roll D has passed 
the point K, so tha t  as roll E forces edge X away, point K 
swings toward the  chain and between rolls D and F. The 
projection Y on the cam prevents the  point K from swing- 
ing further than is shown toward the center of the chain. 
The cam i s  in action only during a movement of the chain 
approximately equal to the diameter of the  cam-rolls, and 
as the projection to  which link P is connected is integral 
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with the cam, the motion of the latter, as described, will 
produce the required reciprocating movement of the link P. 

Intermittent Motion for High Rotary Speeds.-Various 
forms of intermittent motions have been designed for 
driving machine parts that must alternately turn through 
part of a revolution and then dwell or remain stationary 
between each fractional turning movement. Some mechan- 
isms of this class, however, a re  not adapted to high speeds 
owing to excessive shocks each time the driven member is 
started. The design here illustrated (see Fig. 24), which is 
similar in principle to those used on motion picture ma- 
chines, although much larger, operates quietly and smoothly 
a t  high speeds. 

This particular mechanism is used on a milk-bottle cap- 
making machine. The driver, which is 24 inches in diame- 
ter, makes four revolutions to one of the driven member, 
which has four equally spaced arms each equipped with a 
roller, as the illustration shows. The speed of the driver 
is 960 revolutions per minute, and it requires a minimum 
movement of 90 degrees to operate the driven member 
smoothly and quietly at  this speed. The action may be ex- 
tended over a larger angle, thus permitting higher speeds 
and shortening the idle time. 

General Design of High-Speed Intermittent Motion.- 
The rollers on the driven member engage a large annular 
track (see end view), and after each quarter turn, the 
driven shaft is securely locked during the idle period. As 
the driver turns in the direction of the arrow, i t  rotates 
the driven shaft intermittently in the same direction. The 
uurface a t  G (Fig. 24) of the outer track acts against 
roller B until roller A enters the groove H. When roller A 
has fully entered groove H, roller C begins to enter 
groove J. When point P on the driver passes roller B, 
roller A is about half way through groove H, and as roller B 
begins to engage surface K, roller A emerges from track H. 

When roller A has reached the position marked A,, 
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roller D has swung around so that i t  is again in contact 
with the inner track as  a t  Dl, roller B is a t  B,, and the 
driven member has turned one-fourth of a revolution. The 
entrance to groove H now passes roller C, which follows 
roller Dl around the inner track. At no time is the driven 
member free to turn in either direction, except a s  it is re- 
volved by the tracks or cam grooves, and two or more 
rollers are  always in engagement with the driver. 

Laying Out the  Cam Curves.-In order to avoid shocks, 
especially a t  high speeds, it is necessary to gradually ac- 
celerate and then gradually retard the movement of the 
driven member. The method of developing or laying out 
the cam curves to obtain this result will now be explained. 
With N as a center, draw an arc F E  through the axis of 
the driven shaft  and divide this arc into thirty-six equal 
spaces. Next, with F as  a center, draw an arc through the 
axes of rollers A and B and extend this arc 45 degrees to 
point M. Beginning a t  the center of roller A,  lay off a 
division of 1 degree, then a division of 2 degrees, followed 
by one of 3 degrees, 4 degrees, and so on, up to and includ- 
ing 9 degrees. The total number of degrees thus laid off 
equals 45, since the nine divisions progressively increase 
from 1 degree up to 9 degrees by increments of 1 degree. 

This procedure is now reversed; tha t  is, the divisions 
begin at the 45-degree point and progressively decrease 
from 9 degrees down to  1 degree. Beginning a t  the center 
of roller B, the order is again reversed, the divisions be- 
ginning with 1 degree and increasing up to 9 degrees, end- 
ing a t  M. 

Each division from A to M is now bisected; consequently, 
between the centers of rollers A and B there are now 
thirty-six divisions, the same as between the centers F and 
E. Assume that the divisions from F to E are numbered 
from 1 to 36, and that the divisions from A to B are also 
numbered from 1 to 36. 

From these divisions we shall now proceed to locate vari- 
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ous points on the center lines of the cam grooves J and H. 
With N as  a center, draw an arc through division number 1 
on arc AB, extending i t  to the right and left of the vertical 
center line NP a short distance. Draw another arc through 
division number 2 and continue up to division number 36 
next to the center of roller B. The arcs through these 
various division points need not be continuous, but they 
should be located to the right and left of the vertical line 
N P  f a r  enough, as near as  can be judged, to intersect the 
center line of the cam grooves. 

Now set the compass to the radius of the driven member, 
or from the center of shaft F to the center of one of the 
rollers. With division number 1 (adjacent to F) as a 
center, draw an arc intersecting arc number 1 struck from 
center N and to the right of the vertical line N P .  Continue 
until arcs of the radius of the driven member have been 
struck from each of the thirty-six divisions on FE, thus 
intersecting all of the thirty-six arcs (to the right of NP) 
struck from center N. 

The thirty-six centers thus located lie on the center line 
of the cam groove H, and various points along the sides 
of this groove are located by setting a bow pencil or bow 
pen to the radius of the driven rollers and drawing a series 
of arcs. The sides of groove H, which are tangent to these 
arcs, can then be drawn. 

To lay out the cam groove J, again use the compass set 
to the radius of the driven member, and in striking arcs to 
intersect those extended to the left of N P  from N, work 
from E to F ;  for example, with division number 36 as a 
center (adjacent to E) intersect arc number 1 struck from 
center N and to the left of the line N P ;  continue until finally 
division number 1 (adjacent to F )  is used in striking an 
arc intersecting arc number 36 struck from N. In this 
way, the series of roller centers for groove J can be located. 

In laying out the curve GPK of the outer track of the 
driver, proceed as follows: With N as a center, and from 
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each of the eighteen divisions on the arc from the center 
of B to M, strike eighteen arcs to the  right of center P 
and eighteen to the left, all adjacent t o  the surfaces K and 
G; then with the compass set to the radius of the driven 
member, intersect the thirty-six arcs just struck by another 
series of thirty-six arcs from the divisions on arc  FE. 

If we assume that the thirty-six arcs adjacent to G and 
K are numbered from 1 to 36 from left to  right, then divi- 
sion number 1 on FE will be used to intersect arc number 1, 
and so on, until the thirty-sixth division, adjacent to  E, is 
used to  intersect the thirty-sixth arc at the extreme right 
of surface K. Arcs equal to the roller radius are now struck 
from these thirty-six centers to  locate points along the 
profile GPK. 

Although the ratio of this particular mechanism is 4 to 1, 
other ratios are possible by adding more arms and rollers 
to the driven member and extending the cam action over 
a longer arc  on the driver. This mechanism has one ob- 
jectionable feature--the driven shaft must end a t  the driver 
and cannot be supported on each side, as will be evident 
by examining the end view. However, the continuous posi- 
tive relation between the driving and driven members, the 
good distribution of wearing surfaces, and the adaptability 
to high speeds with smooth action compensate for the ob- 
jectionable feature mentioned. 
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CHAPTER I11 

INTERMITTENT MOTIONS FROM RATCHET GEARING 

Intermittent motions so designed that a ratchet mechan- 
ism constitutes an important element will be found in this 
chapter. These motions of the ratchet type have been 
segregated to facilitate finding an intermittent motion likely 
to meet the requirements of any given design, as, for ex- 
ample, when the application of some form of ratchet gear- 
ing appears to offer the best solution. 

Ratchet Mechanism for Uniform Intermittent Move- 
ment and Heavy Duty.-The ratchet and pawl mechan- 
ism illustrated in Fig. 1 was designed for moving, inter- 
mittently and accurately, a heavy load at medium speed. 
The ratchet wheel is positively locked during the idle period, 
and a positive stop prevents over-travel and insures uni- 
form intermittent movements. 

The ratchet wheel I.V is free to turn on the driving shaft, 
which is shown in section. Behind the ratchet wheel and 
attached to the driving shaft there is an eccentric E con- 
necting with the short arm of bellcrank B, which is pivoted 
a t  P. The operating pawl 0 is pivoted to the long arm of 
the bellcrank. Pawl R, which locks the ratchet wheel dur- 
ing the idle period, is pivoted at U and is shown in the 
locking position. Both pawls 0 and R are normally held 
in engagement with the ratchet wheel by coil spring C, 
which is attached to each pawl. At the upper end of the 
long arm of the bellcrank there is a steel plate S which 
engages a flat spring F,  thus lifting the locking pawl R to 
which spring F is attached. 

This ratchet mechanism will operate with the constant- 
speed driving shaft turning in either direction in relation 

to the ratchet wheel. The eccentric E attached to the shaft 
starts and stops the load gradually like a crank; the full 
and dotted lines show the extreme positions of bellcrank B 
and pawl 0. Before pawl 0 comes into engagement with 

Fir. 1. Batahat Moohanhm Designad to More r ~ 0 . m  h r d  
Intsrmittsntb and Aoourataty 

a tooth on wheel W, plate S, by engagement with spring F, 
lifts pawl R, thus unlocking the ratchet wheel. 

A short movement of plate S causes i t  to pass the center 
line between pivots P and U ;  consequently, i t  is soon dis- 
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engaged from spring F, but not until pawl 0 has moved 
wheel W about half a tooth, so that when plate S passes 
spring F, the hook end of paw! R falls on top of the next 
approaching tooth. Before pawl 0 reaches the end of its 
forward movement, plate S enters a space ahead of the ra- 
dial face of an approaching tooth, so that this tooth face 
comes into contact with plate S a t  the end of the stroke, and 
any over-travel is thus prevented. During the backward 
movement of plate S to the starting position, it strikes 

14.. 8. Iutmnlttent lot ion Drive Il.obrrh Vud a 
W h . f o ~  Yaohlru 

spring F and bends it upward slightly, which insures seat- 
ing the locking pawl firmly. This ratchet mechanism has 
a ratio of 12 to 1, there being twelve turns of the driving 
shaft to one complete turn of wheel W. The connection be- 
tween the ratchet wheel and the driven member which it 
operates is through gearing not shown. 

Intermittent Rotary Motion from Constantly Rotating 
Shaft.-The mechanism shown in Fig. 2 is designed to 
transmit an intermittent rotary motion to the shaft D from 
the constantly rotating shaft A. This intermittent move 
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ment operates the feeding device on a wire-forming ma- 
chine which requires three partial revolutions of the driven 
member for each rotation of the driving member. Drive 
shaft A with the attached disk B rotates continuously in 
the direction indicated by the arrow. The disk B has three 
equally spaced pins C on one side. The ratchet wheel E 
is keyed to shaft D. Lever F carries the pawl G and is 
free on shaft D. Spring H serves to keep pawl G in con- 
tact with the  ratchet wheel E and also tends to rotate 
lever F in a direction opposite to  tha t  in which member B 
is driven. 

Pawl G i s  so shaped that when the  actuating end is in 
contact with ratchet wheel El the opposite end lies in the 
path of the pins C. As one of the pins C makes contact 
with pawl GI the pawl is carried with it, causing ratchet 
wheel E to rotate. When the pin I on pawl G comes in 
contact with the cam J ,  pawl G is disengaged from ratchet 
wheel E, which then stops moving. 

Continued movement of disk B causes the end of pawl G 
to be further depressed by the action of cam J until the 
pawl slips under pin C. The two views of the mechanism 
show pawl G about to be disengaged from ratchet wheel 
E. As soon as the pawl has discontinued positive contact 
with pin C, the action of spring H causes pawl G and 
lever F to rotate in a direction opposite to that of the driv- 
ing member B, until the upper end of lever F strikes the 
end of cam J  which limits its movement and controls the 
angular movement of ratchet wheel E. The driving move- 
ment is repeated as  each pin C comes into contact with the 
pawl. 

High-Speed Ratchet-Feeding Mechanism with Positive 
Lock.- The positive intermittent indexing or ratchet-feed- 
ing mechanism shown in Fig. 3 is designed for  operating 
a paper feed-roll R used in connection with a printing unit 
of a machine. One end of the roll R and the ratchet 
wheel 2, with its actuating and locking pawls, a re  mounted 
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on arm A. Because of the rocking motion of arm A about 
shaft U, i t  is necessary to have roller R positively locked 
against rotation during the return movement of the index- 
ing pawls D and E. For this reason, the use of a friction 
feeding device was impracticable. 

The indexing mechanism is not affected by the rocking 
motion, as  the ratchet-operating link B has a movement 
corresponding to or parallel with tha t  of arm A when i t  is 
not being used to actuate the indexing pawls. The index- 
ing pawl E and lever F are pinned together, and locking 
pawl J is pinned to pawl latch H ,  but  this is not shown in 
the illustration. 

To index the roller R, link B is given a reciprocal motion 
which rotates the bellcrank C clockwise. The indexing 
pawls D and E are connected to bellcrank C by stud Y. 
Pawl D, being held in position by spring M, engages 
ratchet wheel Z which is connected to shaft X. Pawl E 
is held in position by the connections to levers F and G. 

The locking pawl J is spring-connected to lever G, and 
the latching pawl K is held in engagement with the ratchet 
wheel Z by the spring 0. The pawls J and K are attached 
to rocker arm A by studs W and V. As the bellcrank C 
rotates, the indexing pawl D rotates ratchet wheel 2. The 
indexing pawl E is disengaged by the action of levers F 
and G. As lever G moves outward, pin L allows locking 
pawl J to strike the top of the ratchet wheel Z through 
the action of spring N. 

As the ratchet tooth passes, the spring N finally pxlls 
locking pawl J into engagement with the tooth. Latching 
pawl K is disengaged by the tooth of ratchet wheel Z and 
is snapped into engagement a t  the end of the stroke by 
spring 0. The positions of the pawls D, E, and J at the 
end of the forward or indexing stroke are  shown by the 
full lines in  the view at the right. The dot-and-dash lines 
in this view show the positions of the latches and pawl K 
when the hellcrank has almost completed its return stroke. 
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The dot-and-dash lines of pawl latch H and locking pawl J 
show the positions of these pawls when J rides against the 
top of ratchet wheel 2. 

On the return stroke, the ratchet wheel Z is held station- 
ary by pawl K which has returned to its original position. 
Pawl D is disengaged by the tooth of the ratchet wheel, 
and pawl E is returned by the action of levers F and G. 
Pawl J is not disengaged until the last quarter of the stroke 
of bellcrank C, when it is disengaged by pin L which forces 
the pawl latch over against the pull of spring N. Referring 
to the dot-and-dash outlines of the pawls D, E, and J in 
the view at the right, pawl J is shown in the position i t  
occupies just after disengagement with the ratchet wheel 2; 
pawl E is shown about to engage the ratchet wheel; and 
pawl D is shown riding against the top of the ratchet wheel. 

I t  will be noted in the central view and the view a t  the 
left that all spring connections are made by bringing studs 
P, S, and T out from the pawls. This was done to simplify 
the assembling and disassembling of the unit. The delayed 
action of locking paw1 J is the main feature of this unit. 
On the return stroke of bellcrank C, lever F, when rotated 
about one-third of its total movement, causes lever G to 
move only a small fraction of its total movement. After 
the second third of the movement of lever F, lever G will 
have moved one-half of its stroke. Thus pawl J is not 
disengaged until after three-quarters of the return stroke 
of bellcrank C is completed. 

Ratchet Motion which Varies Movement of Driven 
Shaft Twice per Revolution.-A ratchet mechanism that 
automatically increases and decreases the movement of the 
driven shaft twice in each revolution is shown in Fig. 4. 
This motion is applied to a wire-forming machine to pro- 
duce a constantly varying rate of feed. The gear B and 
the ratchet wheel C are mounted on shaft A and revolve 
with it. The oscillating lever D is free on shaft A and 
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carries the pinion E, which meshes with gear B. Lever D 
also carries the pawl J, which engages ratchet C. 

Lever F is attached to the side of pinion E, and is con- 
nected to the link G a t  its lower end. The upper end of 
link G is carried on stud K, which also carries one end of 
the rod H. Stud K fits into a hole in  the block M, which 
slides in a dovetail groove on the upper end of lever D. 

Fir. 4. Ratahel Meahanl~m thht Antornaticnlly Increuea and Demeuu 
EUactivs Lenrth of Rntchst Arm Twice During Each Rsvolutlon 

In operation, rod H is given a reciprocating motion by 
a cam. The movement of rod H produces an oscillating 
motion of lever D on shaft A. On the forward stroke, 
pawl J engages with ratchet C, causing the entire assembly 
to make a partial revolution in the direction indicated by 
the arrow on gear R. On the return atroke, pawl J rides 
over the teeth of ratchet C, while shaft  A,  with gear B, 
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remains stationary. This causes pinion E, which meshes 
with gear B, to make a partial revolution. 

The movement of pinion E carries lever F to the posi- 
tion indicated by the dotted lines R, causing the link G, con- 
nected t o  rod H by stud K, to move upward, increasing the 
center distance between stud K and shaft  A. In this man- 
ner, the length of the lever arm is varied from L as  a 
minimum to L, as a maximum. The number of cycles per- 
formed per revolution of shaft A is  determined by the ratio 
between pinion E and gear B, which, in this case is 2 to  1. 

Solenoid - Operated Reversible Ratchet Mechanism 
Adapted to Remote Control.- The mechanism shown in 
Fig. 6 has interesting possibilities as a means for control- 
ling machines or equipment from a distance. By sending 
current through one of the two electromagnets or solenoids 
L and R one of the two centering springs P will be stretched 
so that it will index the ratchet wheel one tooth in one 
direction when the current to the solenoid is cut off. Send- 
ing electric current through the other solenoid indexes the 
ratchet wheel one tooth in the opposite direction. The 
solenoids act very quickly and the spring centers the meet;- 
anism without shock. Thus the ratchet wheel can be in- 
dexed rapidly in either direction a t  the will of the operator. 
No switching arrangement for sending the current through 
either of the solenoids is shown, but copper contacts set in 
the periphery of a revolving fiber or Bakelite disk can be 
arranged to furnish the intermittent electrical impulses 
necessary to energize the magnets so that  each impulse will 
move the ratchet wheel one tooth in the desired direction. 

The reversible ratchet mechanism shown could be used 
to actuate an elevator position indicator, for example. By 
using some of the parts and eliminating others, a self-lock- 
ing device that will index in one direction only could be 
obtained. Such a device would be suitable for an automatic 
feed for  a notching press. Numerous other applications 
are possible for this device when used as a reversible 
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ratchet with solenoid control or when controlled by mechsn- 
ical means. In some cases, i t  has been used as a single- 
direction ratchet with either magnetic or mechanical 
control. 

The electromagnets are  used to  set the mechanism and 
to  stretch or extend one of the adjustable tension springs P. 
These springs are adjusted to overcome the friction of the 
mechanism and of the machine part  actuated by the mech- 
anism. When these springs contract, they gradually exert 
less force on the parts actuated, so that there is less shock 
to the mechanism when the stopping pawl drops into i ts  
proper notch in the ratchet wheel. 

A solenoid should not be used to move the ratchet wheel, 
because the pull of a solenoid increases very rapidly as the 
length of the air gap in the solenoid is decreased. For 
instance, with an  air  gap 1 inch long, we might obtain a 
pull of, say, 5 pounds, but when the gap of the same 
solenoid has been decreased t o  1/32 inch, the pull may be 
as high as 2000 pounds. The hammer blows delivered by 
the application of such force would flatten the end of the  
stopping pawl and the sides of the ratchet wheel. It would 
also cause a rebound of the parts, which would not give 
sufficient time for the stopping pawl to become properly 
seated, and the shock of the sudden stopping action might 
upset the parts actuated. Hence, an  adjustable initial ten- 
sion spring of sufficient strength to  overcome the working 
friction of the mechanism and the parts actuated by i t  is 
preferable. 

Operation of the Reversible Ratchet.- I n  considering 
the operation of the mechanism, let us first assume that an  
electric current is sent through the solenoid R. This causes 
a r m  K to be pulled to the right until i t  strikes the  right- 
hand pin J on the arm G. This, in turn, causes the claw F 
on arm K to turn and move the  pawl E so that  the triangu- 
lar  projection Q is released from the slot in the ratchet 
wheel. Next, arm G moves to  the right about the pivoting 

point A, pulling the triangular boss H of pawl D up the  
side of the tooth of the ratchet wheel. This action lifts 
the  stationary locking pawl B from i t s  notch, a s  shown in 
Fig. 6, and drops boss H into the notch formerly occupied 
by pawl R. At this point of the operation only pawl C is 
engaged. This pawl prevents the ratchet wheel from being 
moved in a counter-clockwise direction by the friction de- 
veloped by the  moving parts. 

Fir. 8. Ysohlrnism Shown In Fir. 5. with Worlring Parts in Position& Occupied 
on Applicatlon of Eloctrlo Current 

The tension spring P has now been extended, and when 
the current through the solenoid is broken, this spring 
returns a r m  C: to  the central position. The triangular 
projection H on pawl D pushes the ratchet wheel one tooth 
in a clockwise direction. Pawl B rides down the side of 
the triangular projection H and stops the movement of t h e  
ratchet wheel. Thus the ratchet wheel is rotated a n  
amount equivalent to one tooth space and positively stopped 
each time the  electrical circuit is completed and opened. 
The direction of rotation is controlled a t  the will of the  
operator, rotation in the opposite direction being obtained 
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by making and breaking the circuit through solenoid L 
instead of solenoid R. 

The springs for pawls B, C, D, and E are designed to 
give just sufficient tension to operate their respective pawls 
satisfactorily, while the initial tension centering springs P 
are adjusted to give just sufficient tension to move the 
work, the mechanism, and the plunger cores of the solenoids. 

Fig. 5 shows the mechanism in a neutral position-that 
is, with no electric current applied to  the magnets. The 
arm K is shown in a central position fo r  clearness in illus- 
trating the details, although this arm would probably never 
remain in this position when the mechaliism was in use. 
I t  may be noted here that there is no need for the spring to 
be so adjusted that the arm K will be exactly centered when 
no current is passing through either of the solenoids. 

Ratchet Feed with Link - Motion Adjustment.-The 
ratchet and pawl feed shown in Fig. 7 was designed to 
fulfill the following conditions: (1) The rate of feed must 
be changeable without stopping the machine; (2) the pawl 
must always terminate the feeding stroke in the same angu- 
lar position; (3) after making four complete revolutions, 
the feeding movement must cease for an interval and the 
pawl must always engage the same notch on the final move- 
ment. 

The feeding movement is derived from the crankpin A, 
which imparts a non-varying angular reciprocating move- 
ment to plate B about the fulcrum stud C. By having the 
crankpin A rotate in the direction shown by the arrow, a 
quick-return motion is obtained for the pawl. The link D 
transmits the movement to pawl lever E, and pawl F trans- 
mits the feed to ratchet wheel G. 

The swinging link H is connected t o  the link D and the 
anchor lever J, which can be swiveled to various positions 
along the aegment K by withdrawing the spring plunger L. 
The operator can easily adjust this member on the return 
stroke of the pawl F when the parts a r e  not under a load. 



128 INTERMITTENT MOTIONS FROM RATCHET GEARING 

Adjustment of lever J causes the upper end of link D to 
slide along the lower slot in plate B. Thus by locating the 
upper end of lever D either nearer or farther from the 
fulcrum C, a shorter or  longer movement of the pawl F 
may be obtained, a s  desired. 

The lower slot in plate B is formed to a radius of the 
same length as link D. Thus, when plate B is in the highest 
position, a s  shown in the illustration, the center e of the 
arc-shaped slot will always be in the same place. It will 
be seen that when the motion is  arrested in the position 
shown, the upper end of link D can be traversed the whole 
length of the lower slot without imparting any movement 
to the pawl F. The turnbuckle M provides the adjustment 
required for locating the point e accurately. 

The ratchet wheel G is given a rather unusual form in 
order to meet the third requirement. The number of in- 
dexing movements per cycle ranges from 20 to 36, and as 
four revolutions of the ratchet wheel are completed per 
cycle, we have 20 -+ 4 = 5 notches and 36 - 4 = 9 notches 
The number of notches required for the different numbers 
of indexing movements within this range are obtained in 
the same manner. The essential feature is that  the first 
notch for all feeding movements shall be located at g. 

With this ratchet feed, i t  is obvious that the coarsest 
feed will require a minimum angular movement of pawl F, 
equivalent to 360 - 5 = 72 degrees, and that the finest 
feed will require an angular movement of 360 - 9 = 40 
degrees. The notches nearest notch g, that  is, g l  and gz, 
are located 40 degrees each side of point g, or 80 degrees 
apart. 

Now, if the anchor lever J is moved during the  running 
period to increase the feed to the maximum amount, the  
first one or two movements following the change may be 
erratic and the pawl may fall short of the required move- 
ment; but even if i t  happens to  engage notch gl ,  which 
rightly belongs to the 40-degree feed or the 36-movement 
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indexing cycle, a swing of 72 degrees plus, say, 3 degrees 
for clearance, will be insufficient t o  engage the tooth at g2, 
which, a s  previously stated, is 80 degrees from gl. Thus no 
movement of ratchet G will occur during the next feeding 
stroke, and there will be no indexing movement until 
pawl F advances to and engages t h e  correct notch g. 
Ratchet G will then be rotated until notch g reaches the cor- 
rect finishing point. 

From the preceding description i t  will be obvious that 
the coarsest feed must be slightly less than  twice the finest 
feed in order to insure proper functioning. Thus, if we 
let S equal the  smallest number of divisions and G the 
greatest, then G must equal 2S - 1. I n  the case described, 
S = 5; therefore, G = 9. If S = 8, G = 15. 

Theoretically, we could then use all the numbers from 
9 to  14, inclusive. In practice, however, some of these 
divisions would interfere, but this trouble could be avoided 
by having two ratchets mounted side b y  side with the divi- 
sions split up between them and the  zero notches on both 
ratchets in alignment. Individual pawls, would, of course, 
be necessary. If a slight irregularity in feed is not objec- 
tionable, one ratchet could be used, employing the maximum 
number of equally spaced notches consistent with strength, 
but with the spaces from g l  to g and g to g2 left blank. 
Each of these spaces would equal 360 t 15 = 24 degrees. 

Intermittent Rotation of Ratchet Wheel During For- 
ward and Reverse Movements of Pawl Lever.- The rnech- 
anism shown in Fig. 8 was designed t o  provide an auto- 
matic infeed fo r  the reciprocating table of a grinding ma- 
chine. The mechanism is so designed tha t  the  table is fed 
inward at the moment of reversal at each end of the  stroke. 
Ratchet wheel G turns counter-clockwise when left-hand 
pawl E moves downward, and G also turns in the same 
direction when right-hand pawl E moves downward. Pawls 
E a r e  attached to and operated by lever D. The cross-slide 
or unit B, which is actuated by the  feeding mechanism, is 
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mounted on the reciprocating table A of the grinding ma- 
chine. The member D is mounted on a fulcrum stud S. 
When the table A is about to reverse a t  either end of its 
travel, the lower end of the lever strikes one of the adjust- 
able stops F. This action causes member D to pivot about 
stud S, thus transmitting a rotary motion to one of the 
ratchet wheels G through the pawl E. The ratchet wheels 
are secured to  meshing gears W, one of which i s  mounted 
on the cross-slide feed-screw. Thus the pivoting or  angular 
movement of member D causes the feed-screw to be rotated 
a certain amount in the same direction when the table re- 
verses at each end of the stroke. 

The amount of angular movement of member D is de- 
termined by the position of the stops F with respect to the 
position of the table a t  the moment of reversal. After 
member D has been actuated by coming in contact with 
one of the stops F,  it is inclined in  the proper direction for 
operation by the stop F a t  the opposite end of the table. 

The handwheel H can be connected with the cross-slide 
feed-screw by setting the knob C to  engage a n  internal 
clutch. When the handwheel is thus connected, i t  provides 
a means for feeding the cross-slide in or out. With the 
automatic feeding mechanism applied a s  shown in the illus- 
tration, however, the pawls E must be thrown up out of 
contact with the ratchet feeding wheels in order to per- 
mit the slide to be fed inward by the handwheel. 

Intermittent One-Revolution Drive.-The mechanism to 
be described is designed to  revolve a disk intermittently, 
so that it will make one revolution a t  the conclusion of the 
feeding movement of a certain machine. The ratchet wheel 
A,  Fig. 9, which is keyed to shaft B, revolves continuously 
a t  a constant speed. Shaft B rotates freely within the boss 
of disk C ,  but when pawl D, attached to disk C, is allowed 
to engage ratchet A, the parts A and C revolve a s  one unit. 
Gear E, which is keyed to shaft B, then transmits motion 
to a slide (not shown). 
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At the completion of the feeding movement, shaft F i s  
rocked in a clockwise direction until latch G, keyed to  
shaft F, moves clear of the drop-bar H. This allows bar H 
to  drop and clear the end of pawl D, which then pivots on 
stud J, under the action of the tension spring K, and en- 
gages the revolving ratchet wheel in the  manner illustrated 
in Fig. 10. 

In order t o  limit the rotation of disk C to one revolction, 
the projecting lug L, affixed to  and rotating with disk C, 
engages the upper hook h on bar H, a s  shown in Fig. 11. 
The lug L then lifts bar H high enough to allow latch G, 
Fig. 9, to re-enter the notch in bar H, and hold the latter 
member in the upper position. This repositioning of bar 
H takes place before one revolution is  completed. The con- 
tinued movement of disk C causes t h e  end of pawl D to  
come in contact with the lower projection on bar H, thus 
forcing the pawl out of engagement with the revolving 
ratchet A and arresting the movement of disk C after i t  has 
completed one revolution. When bar H is down, the upper 
hook h must clear the end of pawl D, and the lower hook on 
bar H must clear projection I,, in order to  have the mechan- 
ism function correctly. 

With proper attention to  lubrication, bar H will function 
satisfactorily, but dirt or gummy oil will cause i t  to become 
stuck in the  upper position, as only the weight of t h e  bar 
itself i s  relied upon to cause the return movement. It was 
therefore decided to  change this detail. Although a spring 
coulcl have been used to  exert a downward pull on bar  H, 
a lever M, as shown in Fig. 12, was substituted for bar  H. 
This construction was less expensive than the first one, and 
the rotating movement about fulcrum stud N produced less 
frictional resistance than the sliding movement of b a r  H. 

The only other difficulty experienced in the design illus- 
trated in Fig. 9 was with the  time interval required t o  free 
latch G af ter  the drop-bar had been allowed to fall. The 
rate of the  rotation of ratchet wheel A is  comparatively 
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high, and with a very slow feed, the trip motion shaft F 
did not operate quickly enough. Thus, latch G would not 
be ready to retain bar H when the latter member was lifted 
by the lug L. This meant thah the disk would be given a 
second revohtion before pawl D was disengaged. To avoid 
this difficulty, latch G was replaced by two latches, as shown 
a t  GI and G2, Fig. 12. Latch GI is keyed to shaft F, but 
latch G? is free to  revolve. 

When shaft F is rocked clockwise, latch G ,  pushes latch 
GP from under lever M by means of the pin P. Lever M 
then occupies the position shown by the view in  the upper 
right-hand corner. Thus lever M is raised slightly, but 
when it is released by latch Gq, latch G, occupies a position 
directly under lever M, thus preventing i t  from dropping 
the full distance. When shaft F is released and latch G, 
returned to the original position, the pressure of spring Q 
tends to return latch G2, but cannot do so because the latch 
strikes the side of lever M. Lever M is then free to  drop 
between the two latches and start  the one-revolution drive. 
This arrangement prevents the one-revolution drive from 
functioning until shaft F has been tripped and returned to 
its original position. 

Dwell of Sprocket-Chain Conveyor at Regular Intervals 
for Loading.-Endless sprocket-chain conveyors a r e  used 
extensively for carrying lacquered o r  paint-sprayed parts 
through drying ovens. The work-holders, as a rule, are 
mounted a t  each link joint. In one application of this type, 
the chain travels a distance equal t o  the length of seven 
links and then dwells long enough to allow these links to be 
loaded by means of an  automatically operated feeding de- 
vice. This alternate movement and dwell of the chain is 
repeated continuously, so that the chain is always fully 
loaded as i t  passes through the oven. 

The arrangement for obtaining this intermittent move- 
ment is shown in Fig. 13. It consists of driving sprocket A,  
ratchet wheel B, pawl C, and driving sleeve D. In each link 
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joint of the chain is mounted a slender shaft, threaded at its 
upper end for a work-holder. The lower end of these shafts 
is provided with a roll, which, a t  a certain point in  the chain 
travel, comes in contact with a rapidly moving endless 
leather belt (not shown). This causes the shaft, work- 

w. 18. Ratebet Yecbrnlsrn that Msonryn  a Bprookat Wbd f?vm 
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holder, and work to rotate, so that  the paint or lacquer 
being applied will be distributed evenly. 

Both the sprocket and ratchet wheel are keyed to shaf t  E, 
which turns freely in the sleeve D. The sleeve is rotated 
continuously in a clockwise direction by another member of 
the machine, and a t  its upper end i s  pivoted the ratchet 
pawl. As indicated, the pawl has been forced out of en- 
gagement with the ratchet wheel by pin F. This causes t h e  
sprocket and chain to dwell long enough fo r  seven work- 
holders to be loaded. As sleeve D continues to rotate, the  
outer end of the pawl passes by pin F, permitting the  other 
end of the pawl to engage the next tooth and carry t h e  
sprocket wheel around to the position shown. Here, t h e  
pawl is  again forced out of engagement with the ratchet, 
causing the sprocket wheel to dwell a sufficient t ime f o r  
seven more work-holders to  be loaded. The movements 
described a r e  repeated for  each succeeding revolution of 
sleeve D. 

Duplex Type of Intermittent Drive.- The mechanism 
shown in Fig. 14 has the component parts  so arranged t h a t  
i t  can be used for  two distinct purposes. In the application 
t o  be described first, the continuously rotating shaft  A 
transmits a n  intermittent rotating movement to the shaft  B. 
I n  disk C, fastened to shaft  A, is a pin D which contacts 
with the surface of the internal cam on the  combination 
cam and lever E. 

Lever E i s  pivoted on shaft  B and is provided with a lug  
to  which the  spring pawl F is fastened. Two spring pawls 
a re  shown. but one or  more may be provided, depending 
upon the  movements imparted t o  lever E, as will be ex- 
plained later. 

The enlarged view, Fig. 15, illustrates t h e  method of pro- 
ducing the oscillations in lever E. T h e  movement of pin D 
on the internal cam surface of lever E forces the lever t o  
one side until a point is reached, a s  shown by the dotted 
lines, where pin D passes over the  ridge o r  shoulder in t h e  
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cam surface. The location of pin D inside the cam pro- 
duces a positive motion in the lever and eliminates the use 
of any form of spring. 

If the stroke of the lever movement i s  sufficient to pro- 
duce a movement in the pawl equivalent to one-half the 
pitch of the teeth in the gear or ratchet wheel G, then two 
spring pawls a re  required, as illustrated, the inner pawl 
being shorter by one-half the pitch of the teeth. If the 
lever stroke is equivalent to one-third of the tooth pitch, 
three spring pawls are required, each being shorter than 
the next outer one by one-third the tooth pitch. In this 
manner, the number of intermittent movements of gear G 
can be varied to  conform with requirements. 

In the second application, shaft B is driven continuously 
in a counter-clockwise direction. Through a friction clutch 
arrangement (not shown) shaft B drives shaft A in a clock- 
wise direction. Lever E stops the rotation of shaft A at 
predetermined intervals, so that shaft A rotates intermit- 
tently. 

Referring to  Fig. 15, assume that pin D has reached the 
position shown by the dotted lines and tha t  shaft A is being 
driven by shaft B through the friction clutch drive. As 
shaft A with i ts  disk C revolves, pin D acts on the cam sur- 
face of lever E, causing it to pivot about shaft B in a direc- 
tion opposite to  that of the rotation of shaft B until pin D 
reaches i ts lowest position, as shown by the full lines in both 
Figs. 14 and 15. At  this point the pin comes in contact 
with the shoulder on lever E and rotation of shaft A is 
stopped, due to  the engagement of pawl F with the teeth on 
gear G. 

I t  should be mentioned here that the drive between shafts 
B and A i s  designed to rotate shaft A a t  a faster speed than 
the driving shaft B. Slippage of the friction clutch in the 
drive from B t o  A occurs, of course, a t  this point and con- 
tinues until shaft B, rotating in a counter-clockwise direc- 
tion and carrying the spring pawls F around with it, causes 
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lever E to pivot or swing around to  the position shown by 
the dotted lines in Fig. 15. Pin D is released when contact 
with the shoulder on lever E is  made a t  this point, and the 
cycle is repeated as  described. 

Combination Roller Clutch and Ratchet for Imparting 
Variable Rotary Movement.-The over-running or "free 
wheeling" feature of roller friction clutches is used to ad- 
vantage for imparting a variable rotary motion to the work- 
holding dial of a polishing machine. In connection with 
this movement, a ratchet mechanism is  employed. Simi- 
lar pieces of two different diameters a r e  polished on this 
machine. The work stations are so spaced tha t  the Iarge 
pieces will be close together on the dial, in order t o  reduce 
to a minimum the non-productive time of the wheel in pass- 
ing from one piece of work to the other. However, the 
same dial and the same station spacing are employed for 
polishing the small-diameter work; hence, without the spe- 
cial variable-motion mechanism illustrated (see Fig. 16), 
an appreciable loss in production time would result, owing 
to the gaps between the work over which the wheel must 
pass. 

With the mechanism shown, each station is advanced 
rapidly toward the polishing wheel until the polishing ac- 
tion commences. At  this time, the rotary movement of the 
dial is immediately decreased to the desired speed. This 
speed of the dial continues until the part passes out of con- 
tact with the wheel, and the speed is then immediately in- 
creased, so that the succeeding dial station is moved rapidly 
to the wheel. Provision is made for imparting a constant 
rotary movement to  the dial when polishing the larger 
work. 

The mechanism for  imparting the variable dial movement 
is relatively simple. The dial is driven by the shaft  A, 
which rotates at a constant velocity. On this shaft is keyed 
the gear B, meshing with gear C on stationary stud D. 
Gears C and E are  pinned together, the latter meshing with 
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gear F, which is free to turn on shaft A. Pinned to gear F 
and also free to turn on shaft A is the plate G, to which is  
pivoted the pawl H. This pawl intermittently engages the 
ratchet wheel J ,  its engagement being controlled by the sta- 
tionary cam N. Wheel J turns freely on shaft A, and i ts  
left-hand end forms the pinion R for rotating the dial, the 
pinion meshing with the bull gear S secured to the back of 
the dial. The inside of the ratchet wheel is bored out to  
receive the roller clutch arrangement, which consists of the 
core L and rolls M. The core is keyed to shaft A. 

The ratio of the gears B, C, E, and F is such that  plate G 
rotates four times as fast  a s  shaft A.  Hence, owing to  the 
over-running feature of the roller clutch, if pawl H is in 
engagement with the ratchet wheel, the dial will be rotated 
a t  high speed through gear R. However, provision is  made 
for automatically disengaging the pawl just as the polishing 
wheel comes in contact with the work. This is accomplished 
by means of the cam N. 

For example, the pawl is shown engaged, the dial having 
been rotated a t  high speed to advance the work t o  the wheel. 
With the ratchet wheel in the position indicated, the wheel 
is just about to come in contact with the work. As the 
plate G continues its rotary movement, the cam N swings 
the pawl out of engagement with the ratchet wheel, allow- 
ing the roller clutch t o  pick up the motion and continue the 
rotation of the dial a t  one-fourth the preceding angular 
velocity. 

This new angular velocity is  constant and continues until 
the polishing wheel has passed over and commences to  leave 
the work. At this point, the pawl leaves the lower par t  of 
cam N and coil spring T forces i t  into engagement with the 
ratchet wheel, so that  the high speed of the plate is once 
more transmitted to the ratchet, thus rotating the dial a t  a 
corresponding velocity to  advance the next station toward 
the polishing wheel. In  this way, the two driving members 
G and L alternately transmit the required speeds to the 

pinion gear R. Cam N is  designed to hold the  pawl out  of 
engagement with the  ratchet wheel for one-half revolution 
of gear R. Hence, since plate G rotates four times as  fast  
as core L, the angular movement of gear R for one-half 
turn will be four  times that  for  the  remaining half tu rn  of 
the cycle. 

When the  larger work is being polished, a constant angu- 
lar velocity of the dial is required. To obtain this condi- 
tion, the holes P and Q in the pawl and plate, respectively, 
are aligned, and the pin 0 is inserted through them. Thus, 
the pawl is held out of engagement with the ratchet wheel 
to allow the roller to  transmit the  constant rotary move- 
ment of shaft  A directly to the gear. There is sufficient 
friction in the various moving parts  of the mechanism to 
p r e v ~ n t  over-run of the roller clutch each time the pawl is 
disenghged. I n  applications where the inertia of the ro- 
tating part  is likely to cause over-run, a simple brake can 
be mounted on one of the driving members. 

This mechanism is  designed to operate with the dial in  a 
vertical plane, a s  the  engagement of the rollers in the clutch 
is dependent upon gravity. However, the mechanism can 
be readily adapted to any other position of the clutch by 
inserting coil springs behind the rolls. Creeping movement 
of the clutch rolls in this unit does not  accumulate and 
change the dial station location, since the creep for each 
cycle of the  gear R is compensated for by the positive action 
of the ratchet. 

Differential Ratchet for Imparting Slight Axial Move- 
ment to Feed-Screw.-In designing machines, it is some- 
times necessary to make provision for transmitting a n  in- 
termittent movement to a feed-screw from a reciprocating 
slide. For  a comparatively large movement of the screw, 
an ordinary ratchet arrangement is suitable, but for  a n  ex- 
tremely small movement, such as that  required for the feed- 
screw illustrated (see Fig. 17), special means must be 
provided. 
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The screw G provides the transverse feed for the wheel 
of a surface grinding machine used in grinding wood 
planer knives. I t  has the very short axial movement of 
0.00045 inch for each cycle of the reciprocating slide A. To 
obtain the desired feed, two ratchet wheels C and D, operat- 
ing on the differential principle are used. One wheel has 
23 teeth and the other 24. Axial movement of both wheels 
is prevented by the bracket B fastened to the machine. This 

Fis. 17. Eabahot Y8ah.nLm for Impartiar Blow Yonmut to fwd- 

bracket also forms the bearings for the wheels. I t  will be 
noted that wheel C is provided with a feather key which en- 
gages the spline in the screw and that the screw is free to 
slide axially in this wheel. The bore in wheel D, however, 
is threaded to engage the screw. The angular movement is 
imparted to the ratchet wheels by their respective pawls 
E and F, pivoted to the slide A. 
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In explaining the action of this mechanism, let us assume, 
for simplicity, that  both ratchet wheels have the same num- 
ber of teeth. Thus, for every cycle of slide A, both the 
wheels, as well as  the screw, would rotate together; conse- 
quently, there would be no axial movement of the screw. 
Now returning to the actual case, wheel C has one less tooth 
than wheel D; therefore, during one cycle of the slide, 
pawl F will rotate wheel D 1/24 revolution. Owing to the 
difference in the number of teeth, however, wheel C will be 
rotated by pawl E 1/23 revolution; and the axial movement 
of the screw will be equivalent to the difference between 
these two movements multiplied by the lead of the screw, 
or: 

1 ( - ) x ; = 0.00016 inch 

Perhaps it should be mentioned here that, in so far  as 
the preceding description is concerned, both pawls could 
have been incorporated into one wide pawl encompassing 
both wheels. However, the requirements of the machine 
were such that a faster feeding movement of the screw was 
required for certain jobs. To accomplish this, the pawl E 
is swung to the left to c!ear wheel C and held in this posi- 
tion by a latch. A plunger is then released which locks 
wheel C to  prevent its rotation. All movements for disen- 
gaging and locking the wheel are obtained by shifting one 
lever. However, the latch, plower and operating lever are 
not shown. With the pawl E disengaged, one cycle of the 
slide will cause only ratchet wheel D to rotate, its angular 
movement being 1/24 revolution. The corresponding move- 
ment imparted to the screw is approximately 0.010 inch. 

Adiustable Pawl Shield to Vary Ratchet Wheel Movel 
ment.- Alterations made in a certain product necessitated 
shortening a ratchet movement on the production machine. 
The new ratchet arrangement is shown in Fig. 18. Oscil- 
lating lever A i s  actuated by a cam (not shown) and carries 
the   awl E, which through the ratchet wheel 6, transmits 
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the required intermittent movement to shaft F. Adjust- 
ment of the angular movement of this shaft is obtained by 
means of the shield D. Bearing B was turned down on one 
end to serve as a support for the shield, which is held in a 
stationary position by a set-screw. Near the end of the 
back stroke of the lever, the shield lifts the pawl away from 
the ratchet wheel. Thus, part of the subsequent forward 
stroke of the lever is completed before the shield permits 
the pawl to engage the ratchet wheel, so that the angular 

R t .  18. Application of a Shield to a Ratchet for Rduoinr the A w l u  
Xovement !huamltt .d  

movement of the shaft is shortened. By varying the posi- 
tion of the shield, the angular movement of the shaft will 
also be varied. 

Combined Eccentric and Friction Ratchet for Auto- 
matically Varying a Feeding Motion.-On a special pol- 
ishing machine, the work is passed under a set of oscillat- 
ing brushes charged with abrasive. In the original design, 
the work-table was fed a t  a uniform rate by means of a 
toothed ratchet, which transmitted its movement through a 
shaft to the work-table. However, under certain light con- 
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ditions, the surface of the polished work showed a series of 
marks corresponding to the movement of the work-table. 
Though i t  was considered impossible to eliminate the 
marks entirely, it was thought advisable to break up their 
symmetry, so a s  to render them less noticeable. This was 
accomplished by the use of a variable ratchet movement, 
the design of which is shown in Fig. 19. 

The shaft A, which operates the work-table, carries the 
eccentric B, which is keyed to it. The eccentric B is en- 

Fir. 19. Mechanlam in which Eccentric Mountinn of RaCohet Yamber B 
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circled by the strap D, which is given a n  oscillating motion 
by the rod E. Eccentric B is grooved t o  receive the rollers 
C, forming a conventional type of roller clutch o r  ratchet 
which operates through the wedging action of the rollers C 
between the eccentric B and the strap D. 

As the eccentric B revolves with shaft  A, the effective 
length L of the lever arm changes constantly, the range of 
variation being controlled by the throw of the eccentric B. 
The view to the left shows the mechanism with L a t  ita 
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maximum, while the view to  the right shows L a t  i ts  mini- 
mum. A s  the  reciprocating movement of rod E i s  constant, 
the degree of movement imparted to shaf t  A is controlled 
by the length L of the lever a r m  One cycle of variations 
is produced at each rotation of shaft  A. 

Mechanism for Oscillating a Part Mounted on a Moving 
Member.-Sometimes a designer finds i t  necessary t o  pro- 
vide means fo r  imparting a short, quick oscillating move- 
ment to a machine part  on a member t h a t  is also in motion. 
The mechanism shown in Fig. 20 was designed to meet such 
a requirement. In  this mechanism, t h e  par t  or unit D is 
required to have a quick movement upward from the f rame  
or part C in the direction indicated b y  arrow F, and then 
return t o  the start ing position. This movement takes place 
while frame C i s  moving through t h e  downward cycle of 
its oscillating movement, the direction of which is  indicated 
by the full ar row a t  G. 

The mechanism shown is a stop-pinl bed used in a type- 
casting machine for the purpose of selecting groups of type. 
The bed consists of a multitude of flat stop-pins, slidable 
in a honeycomb holder. Some of these pins A are shown 
in the restored o r  cleared position, while others, such a s  
those marked B, are shown in their depressed positions. 
These stops a re  arranged in rows, and  in plan view pre- 
sent a two-dimensional field in which code patterns can be 
depressed. 

Frame D i s  built above bed framework C with a number 
of bars E attached to  it, and forms a sort  of rigid gra te  
which, when raised a t  right angles to  the  bed in the direc- 
tion indicated by arrow F, restores al l  the depressed stops 
B t o  the clear positions A. When lowered into contact with 
the frame C as shown, the restoring unit, consisting of the  
members D and E, permits a new pattern to  be depressed 
in the stop-pin bed to suit the  new cycle. 

Now, i t  i s  necessary to perform th i s  clearing operation 
by raising and immediately dropping the unit consisting 



150 INTERMITTENT MOTIONS FROM RATCHET GEARING INTERMITTENT MOTIONS FROM RATCHET GEARING 161 

of members D and E, while the bed section is making a 
short, quick stroke in the direction G. This is effected by 
means of a single outside connection-a lever H acting with 
the bed frame through a roller and slot a t  I. The lever is 
propelled by a cam (not shown) through link J .  

Under one of the several interconnected bellcranks L 
provided to secure true parallelism in the motion of mem- 
bers D and E is mounted a ratchet K. This ratchet is 

?Is. 81. M n  of b a n  O p ~ 8 t d  bl a Rwk for Imgutlnt ra Imtamltknt 
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mounted idly on a stud in the bed frame C and is made to 
act in combination with the roller P on the bellcrank L. A 
pawl M is arranged to receive its motion from the lever H 
through the connecting link N and rocking plate 0, mounted 
idly on the same stud a s  the ratchet K. 

It can be readily seen that during the stroke indicated by 
the dotted arrows there is skipping of the pawl M over the 
ratchet teeth, while during the stroke in the direction indi- 

cated by the solid arrows, the ratchet wheel is given positive 
indexing which forces the bellcrank L and the restoring 
unit upward. As soon as  the crest of a ratchet tooth passes 
the roller, the frame unit is restored to  its lower position 
on the bed frame by virtue of i ts weight, assisted by the 
tension in the spring Q. 

The lay-out of the ratchet gear is such that, when the 
roller is in any of the ratchet tooth gashes, the roller clears 
the adjacent teeth by a slight amount. The stroke of the 
pawl is sufficiently in excess of the tooth spacing to cover 
this clearance and insure a full tooth spacing. The number 
of teeth in the ratchet is, of course, of no consequence, and 
such requirements as desirable size of the roller, easy cam- 
ming of the roller by the back slope of teeth, available space 
for the whole device, etc., are  factors governing the design 
of the ratchet. 

Rectilinear Movement Converted to Intermittent 
Rotary Movement.-By means of the mechanism shown in 
Fig. 21, the reciprocating rack A imparts an intermittent 
rotary movement in one direction to the shaft M through 
the gears B, D, C, E, and K, and the ratchet wheels F and 
G. During each stroke of the rack, shaft M rotates one- 
half of a revolution and then dwells. The length of this 
dwell, a s  well as the velocity of shaft  M, is controlled by 
automatic valves on an  air cylinder (not shown) which 
actuate the rack. 

Teeth cut in opposite sides of the rack engage gears B 
and D, keyed to shafts N and 0, respectively. Gears C and 
E are free to turn on their shafts and mesh with gear K 
keyed to  shaft M. Pawls, pivoted to gears C and E, en- 
gage ratchet wheels F and G, fixed to  their shafts. 

When rack A moves toward the left, gears B and D r e  
tate in opposite directions, and pawl J simply rides over 
the ratchet teeth without imparting motion to gear C. Pawl 
H, however, engages ratchet wheel G and causes gear E and 
ratchet wheel G to rotate together. Now, as gear E is in 
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mesh with gear K, gear K will rotate in a clockwise direc- 
tion. When the rack reaches the  end of its stroke, the auto- 
matic valves close for a predetermined time, thus holding 
the rack stationary and causing shaft III to dwell. 

When t h e  valves open, air is admitted to the opposite side 
of the piston and the rack moves toward the right. In  doing 
so, pawl H rides over the teeth of ratchet G, and pawl J 
engages t h e  teeth in ratchet F ,  causing gear C and ratchet 
wheel F t o  rotate together; and as  gear C is in mesh with 
gear K, gear K will rotate in a clockwise direction as  before. 

FIE. 29. Crank-drlven Pawl thst Irnphrta s Blow Horement at Both 
Ends of Its Stroke to Prevent Jerking and Over-run 

'The movement of shaft M continues until the rack has 
reached the  end of its stroke, a t  which time the automatic 
valves close once more to  obtain the required dwell. 

The angular movement of shaft M after each dwell de- 
pends upon the stroke of the rack and the ratio of the gears. 
In this case, all the gears have the same number of teeth; 
consequently, during one stroke, the  travel of the rack must 
equal one-half the pitch circumference of gear K, or  slight- 
ly more, t o  allow the pawls to  engage properly. 

Ratchet Pawl Having a Slow Movement a t  Both Ends 
of Its Stroke.-A feed-slide in a special tube cutting-off ma- 
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chine is given a n  intermittent movement by means of a pawl 
engaging evenly spaced teeth on the  slide. To eliminate 
jerking at the beginning and over-run at the  end of each 
slide movement, the pawl was actuated by means of a crank, 
as shown in Fig. 22. Here t h e  teeth on the  slide a re  indi- 
cated a t  C, one of which is  engaged with the pawl D. The 
pawl turns freely on pin F in the crank disk B. The disk 
is integral with the end of the  continuously rotating shaft  
A, which turns in the  stationary bearing E. 

As the shaft  A rotates in t h e  direction of the  arrow, the 
pawl is carried toward the right until i t  engages the next 
tooth. At  this time the pin F is diametrically opposite the 
position in  which i t  is now shown. Continued rotation of 
shaft A causes the  slide to s tar t  very gently toward the left, 
owing to the curvature of the path through which the pin 
travels. The velocity of the slide, however, increases a s  the 
pin approaches the bottom of disk B, and  decreases as i t  
approaches the position shown, the  movement a t  the end 
of the stroke being barely perceptible. Consequently, the 
momentum of the  slide is greater a t  the middle of the  stroke 
and decreases at the end of the  stroke. 

A u t o m a t i c  Indexing Head w i t h  Self - Locking 
Mechanism.-Automatic indexing heads are  used on many 
special machines having work-tables of the reciprocating 
type. One design of head particularly adapted for  these 
machines, especially where a n  unusually large number of 
divisions is to be indexed, is shown in Fig. 23. The work 
is secured by some suitable means t o  the  left-hand end (not 
shown) of shaft  A. A t  the  end of each indexing movement, 
the shaft is locked to  prevent rotary movement of the work 
during the machining operation. 

The indexing head housing B is fastened t o  the recipro- 
cating machine table. Extending from one side of this head 
is the shaft C, t o  which are  keyed the  bevel gear D and the 
forked lever E. The forked end of th is  lever engages a 
stationary pin F secured to  the machine, while gear D 
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meshes with gear G, keyed to  the arm H. Arm H carries 
a spring-actuated pawl J that engages a ratchet wheel K, 
keyed to the bevel gear L. 

A locking ring M is keyed to the ratchet wheel and, a s  
indicated in Fig. 24, engages the plunger N in the housing 
B. Cam 0, which is a thin plate pinned to the arm H, dis- 

El 

SECTION X-X 

Fir. PI. Crorm-~eotlon of Indexlnr Y w h m l s m ,  Fir. 23, Bhowtng 
Aotlon of Lookins Cam 

engages the plunger N from the locking ring just before 
each indexing movement. Plunger N is wide enough to  
engage both the locking ring and the cam. To reduce the 
indexing movement so that a large number of divisions 
could be indexed, a combination spur and worm gear train 

I I was introduced, a s  indicated by the dot-and-dash lines in 



Fig. 23. This gear train is  operated by the bevel gears L 
and P. 

Shaft  A is indexed as  the head moves toward the right 
just before the cutter engages the work, and is idle during 
the return stroke, while the machining is being done. In- 
cidentally, if the cutter thrust  is against the head, these 
movements should be reversed by mounting lever E and 
gear D on the other side of gear G .  In the position indi- 
cated, the head has just completed the end of its indexing 
stroke toward the right. Now, as the head returns toward 
the left, the lever E, meshing with pin F, will be swung in 
a counter-clockwise direction, causing gear G and arm H 
to rotate about 63 degrees. 

By referring to Fig. 24, i t  will be seen that during this 
movement of arm H, pawl J will be carried to the left and 
will engage ratchet tooth Q. However, just before pawl J 
engages this tooth, plunger N is disengaged from ring M 
by the lobe R on cam 0. 

On the return or indexing stroke of the table, lever E is 
swung in the opposite direction (clockwise), causing pawl J 
to rotate ratchet wheel K, with gear L, one-sixth revolution. 
This movement of gear L is transmitted through the spur 
and worm gear train, causing the shaft A to turn  one di- 
vision. 

A washer S, Fig. 23, is provided to eliminate any back- 
lash in the bevel gears and preserve the accuracy of the  
head. The backlash is taken up by tightening the screw T, 
thus bringing the gears into closer mesh. The number of 
divisions obtained with this type of head can be varied by 
changing the number of teeth in the ratchet wheel, by chang- 
ing the gears or by varying the throw of lever E. This lever, 
with pin F, may be replaced by a rack and pinion. 

Intermittent Motion for Feeding Wire  to a Cutting-Off 
Machine.-Short pieces of twisted wire, approximately one 
inch long, a r e  used in a certain product. Measuring and 
cutting off these short lengths by hand was found to be a 
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slow and unsatisfactory process ; hence the machine shown 
in Figs. 25 and 26 was designed to d o  this work automat- 
ically. It consists essentially of a mechanism for  feeding 
the wire intermittently to two rotating shear blades. 

All the  working parts of the! machine a re  mounted on a 
steel baseplate. Bracket A provides a support for  t h e  fixed 
shear blade B and also contains a double bearing f o r  t h e  
shaft C (Fig. 25) on which a rotary shear blade head is 
mounted. It will be noted that  bracket A is threaded to 
receive the two bronze bearing bushings D for  shaf t  C. 
These bushings provide the necessary adjustment f o r  set- 
ting the blades of the rotating shear head close to t h e  sta- 
tionary blade B. After this adjustment is made, the  bear- 
ing bushings a re  locked in position by tightening t h e  
screws E. 

Shaft C is  driven by a l/4-horsepower motor through re- 
duction gearing, and drives the shaft  F by means of helical 
gears. Shaft  F runs free in the grooved roll G and in t h e  
ratchet wheel H. Keyed t o  shaft  F is the  feed-crank K, 
and connected t o  this crank is the  link L (Fig. 26). This 
connection is  made by the screw M ,  which also serves as a 
pivot on which link L oscillates. Secured to  the head of 
screw M and to the link L is a spring, the purpose of which 
will be explained later. This spring, which has been omitted 
to avoid confusion, is of the "mouse-trap" type and is 
wound around the head of the screw M. 

At the lower end of link L is secured the roller N and the  
feed pawl 0. The pawl engages the ratchet  wheel H, while 
roller N rides upon the  periphery of cam P. Cam P is a 
running fit on the hub of feed-crank K (Fig. 25),  and i s  
prevented from turning by screw Q (Fig. 26). Roll G is 
keyed to  the  ratchet wheel H. 

Operation of Wire-  Feeding Mechanism.- The manner 
in which the  feeding movement is imparted to the ratchet 
wheel and roll G is a s  follows: As shaft  F revolves, the  
feed-cr;nk K and its connectinr members 12, L, N, and 0 
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are carried around cam P. Roller N is forced to  maintain 
contact with the cam by means of the "mouse-trap" spring 
previously mentioned. The cam has two low places cor- 
responding to the feeding intervals. 

As roller N drops into these low places, the link L i s  
pulled toward the center of the cam, carrying pawl 0 into 
engagement with the ratchet wheel H and thus rotating the  
ratchet wheel and roll G. This movement continues until 
roller N engages the high part  on the cam and is forced out- 
ward, carrying link L outward also, and disengaging pawl 0 
from the ratchet wheel. 

In operation, the end of the wire is carried by hand under 
and over idler roll R, under and over feed-roll G, through 
a short piece of tubing (not shown) t o  keep i t  f rom buck- 
ling, and then over the edge of fixed shear blade B, where 
i t  is cut to length by the blades in the rotating head af ter  
the machine is started. Idler roll U ,  mounted on two a rms  
pivoted on the stud S, serves to exert a pressure on the  
wire against roll G through the medium of spring T. This 
provides the necessary traction to pull the wire from the 
reel, which, although not shown, is located on the steel base- 
plate a t  the right. 

Ninety-nine teeth were cut on the ratchet wheel, 80 that  
all the teeth would come into action. In this way, the wear 
is distributed over all the teeth. These teeth have a face 
angle of 15 degrees to permit the pawl to disengage readily 
under load. Any feeding movement from 1/99 of the cir- 
cumference of the roll G to approximately one-half this  
amount can be obtained by substituting suitable plate cams. 

As cam P has two low places on its periphery, i t  is obvi- 
ous that two feeding movements take place f o r  every revolu- 
tion of shaft F. Through reduction gearing, shaft  C op- 
erates a t  60 revolutions per minute, cutting two wires at 
each revolution, or 120 wires per minute. Thus f o r  a period 
of eight hours, the production is approximately 57,000 
wires. 

Indexing Mechanism with Interchangeable Turrets tor 
Either Three  o r  Four Stations.-A reciprocating slide on 
an automatic machine designed for drilling and counter- 
boring small fiber par ts  is provided with two turrets which 
are interchangeable. One turre t  has three equally spaced 
tool stations, while the  other has four stations. The three- 
station dial is replaced by the four-station dial when the 
work requires the  use of four different tools. By the  elimi- 
nation of the ex t ra  indexing movement through t h e  use of 
the three-station tu r re t  whenever possible, an  appreciable 
saving is realized. 

Referring to Fig. 27, the tool-slide is shown at  A. Upon 
the slide is mounted the permanent indexing dial B which 
is f ree  t o  turn on the  stud C fixed in the  slide. The four- 
station turret  D is shown mounted on t h e  dial. The pin E, 
which is a drive fit in the dial and a slip fit in t h e  turret, 
prevents the tu r re t  from rotating on the  dial. The turret 
is indexed by means of the blade F, which is integral with 
the spring-actuated plunger G, the blade engaging the pins 
H, J, K, and L in the  dial. 

I t  will be noted tha t  the four pins H, J, K, and L are in 
equally spaced holes in the dial, which correspond with the 
four tu r re t  stations. When this turre t  is replaced by the 
three-station tu r re t  (not shown), only three pins are used 
in the  dial. I n  tha t  case, two pins are located a t  M and N, 
pin H remaining in the position shown. The indexing of 
the tu r re t  is accomplished during the idle part of the stroke 
indicated. 

In  the position shown, the slide, moving toward the right, 
is approaching the working part  of i t s  stroke. On con- 
tinuing this movement, the tool opposite the work performs 
its operation, af ter  which the slide s tar ts  on i t s  return 
stroke. As pin H leaves the heel of blade F on its move- 
ment to the left, the  dial is prevented from reversing i ts  
movement by the  pawl P pivoted to t h e  slide. This pawl 
enKages teeth cut in the periphery of t h e  dial. Incidentally, 
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without this ratchet arrangement, the reversal of the dial 
would prevent the engagement of the blade with the suc- 
ceeding pin, thus preventing the indexing of the dial. After 
pin J has left blade F, the latter is forced forward by spring 
0, a distance equal to about three-quarters the diameter of 
the pin. 

Now, when the slide reverses its movement, pin J comes 
in contact with the left-hand end of blade F, so that further 
movement of the slide will cause the blade to rotate the 
turret. Continued rotation of the turret results in pin K 
coming in contact with the blade; and as  the slide con- 
tinues, the blade is pushed outward, so that pins J and K 
become located in contact with the long edge of blade F. The 
tool in the second turret station is now in position for per- 
forming its operation. 

No means other than blade F are provided for locking 
the turret. The tool pins, pressing against the blade F as 
shown, serve to  prevent the turret from rotating. This 
arrangement has been found entirely satisfactory for the 
class of work handled on the machine on which i t  is used. 
When the three-station turret is employed, i t  is necessary 
to move the bracket Q inward, so that the heel of blade F 
on plunger G will pass the center line of the right-hand pin 
when the slide is moved to its extreme left-hand position. 
To make this adjustment, it is only necessary to loosen the 
ecrews R which lock the bracket in place. 
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CHAPTER IV 

INTERMITTENT MOTIONS OF THE GENEVA TYPE 

The Geneva type of intermittent motion is based upon 
the principle of the Geneva stop which has been applied to 
watches, etc., to prevent winding the main spring too 
tightly. This stop mechanism, as the name implies, is in- 
tended to prevent rotation after a certain number of revolu- 
tions. This is not the case, however, when the principle 
of the Geneva stop is applied to intermittent gearing. 
Geneva wheels or mechanisms are dsed to transmit an in- 
termittent motion to some driven member a t  regular in- 
tervals which may be repeated indefinitely, as, for example, 
when some part of a machine tool requires indexing or 
rotating through some fractional part of a revolution a t  
certain intervals while the machine is in operation. 

Geneva Motion Designed to Reduce Rate of Acceleration 
and Deceleration of Driven Member.-The Geneva stop 
mechanism is used frequently because of its simple design 
and serviceability. In the form generally used, the driving 
roll follows a circular path. With this arrangement, the 
disk begins its movement from a stationary position and 
comes to a stop without shock, but the acceleration and 
deceleration in the velocity of the disk occur a t  a rapid 
rate, producing a relatively high angular velocity in the 
rotating disk. In order to eliminate these disadvantages, 
a German inventor developed a modified form of Geneva 
stop mechanisms in which the driving roll that transmits 
intermittent motion to the cross or slotted disk is operated 
by a mechanism consisting of four articulated members, a s  
shown a t  A, Fig. 1. 

In this mechanism, the driving member D rotates on 
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axis E, and by means of rod F, gives member G a swinging 
motlon. As the center of the connecting stud H describes 
a circle and stud I moves through only a part of a circle, 
all other points on the rod or member F describe curves of 
a distinct form. A stud a t  J supports the driving roll for 
the Geneva stop mechanism. When crank D completes a 
full rotation, roll J enters a slot in disk K and drives the 
disk to the next stopping position, after which it leaves the 
alot. 

The difference between this mechanism and the older 
well-known arrangement is that the height of the curve 
followed by the roll on stud J is not so great; thus the angu- 
lar  velocity of the disk K, which depends on the distance 
of point L from the top of the curve, is considerably re- 
duced. To prevent any unintentional movement of disk K, 
a blocking disk is necessary. For this purpose, a disk M, 
as  shown in view B, is supplied. This disk is driven by 
intermediate gears from crank D. The addition of this 
bIocking system, however, considerably complicates the 
mechanism. Another disadvantage of this drive is the 
bulky unsymmetrical design. 

Another similar drive which functions through a turning 
block linkage is shown a t  C. The small fixed bracket L 
forms the bearing for the shaft of the driving crank M. 
This crank-arm also serves as the blocking disk for holding 
the driven disk N stationary during the dwelling periods. 
The crank-arm M is connected a t  V to the rod R, which 
slides in a block S, pivoted on the stand T. On the op- 
posite end of rod R is mounted a roller W. As shown in 
the illustration, roller W describes a heart-shaped curve Y. 
The upper or spear-shaped portion of the curve Y is used 
for imparting the driving movement to the three-armed 
cross or driven disk N. 

As roller W enters the slots in disk N, tangents to the 
path followed by the roller a t  this point must pass through 
the center of the disk and the center of the slots, which are 

radially located. The normal of curve Y is found by ex- 
tending a line from V through the center of the shaft on 
which M is mounted, so that i t  intersects a line perpendicu- 
lar to rod R, drawn from the center of the fixed stud on 
which block S is pivoted. A line from the point of intersec- 
tion 0 to the center of roller W forms the desired normal 
to curve Y. 

Combined Geneva and Intermittent Gear Movement.- 
In order to modify the operating characteristics of the 

PL.. P. IntsnnIttent Drive XechsnLsm Destgned to Acoelerate and Dsoelerrte 
&tion a t  Btut  . n d  Finish of Drlvlnr ldovemsnia 

well-known Geneva gear movement to adapt it for a par- 
ticular purpose, intermittent gearing was incorporated in 
the design, as  illustrated in Figs. 2 and 3. After laying out 
the design on the drafting board, a model was made which 
operated satisfactorily. The mechanism consists of a modi- 
fied double driving arm Geneva wheel with intermittent 
gear segments. The gear segments a r e  so placed that they 
transmit a practically uniform speed movement to the 
driven member from the instant the driving arm ends its 
accelerating movement until the second driving a r m  be- 
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gins its decelerating movement in stopping the driven mem- 
ber. One advantage of the mechanism, in its application 
to an automatic machine, is that the driver requires a move- 
ment of only about 130 degrees to rotate the driven member 
180 degrees. This leaves 230 degrees of the driver cycle 

free to perform other useful work or operations while the 
driven member dwells. 

Referring to  the illustrations, A is the driving gear, 
which operates at  a uniform speed. The whole driving unit 
is mounted on the stationary stud B and rotates in the 
direction shown by the arrow. The f i s t  driving arm C is 

integral with the driving member, while the second a rm D 
is pivoted to i t  and suitably spaced from the first arm. 

When arm C engages slot E in the driven spider S, i t  will 
start rotation of the latter member and  accelerate its speed 
until arm C reaches the center line between the two mem- 
bers. A t  this point the intermittent gear segment F meshes 
with its mating segment G on the driven member. As the 
pitch line of the intermittent gears corresponds with the 
center line of the path in which the a r m  rollers rotate, the 
gears continue the motion of the driven member a t  approxi- 
mately the same speed a s  was attained by the roller arm C 
at the instant it passed the line between the centers of the 
driving and driven members. The slot or arm on the  far 
side of the spider S is shortened and so shaped at H that 
the roller cannot interfere with the uniform motion im- 
parted by the gears as the roller recedes from the slot. 

The ratio of the intermittent gears i s  such that the driven 
gear G will rotate 90 degrees while the gears are engaged, 
the remainder of the 180-degree movement being derived 
from the two driving movements of 45 degrees each, im- 
parted by the accelerating arm C and the decelerating 
arm D. The latter arm, because of its pivoting feature 
(see Fig. 3) and the tension of the spring J is held out of 
engagement with its slot K, as indicated by the dotted lines 
L, until just before i t  reaches the center line, when the 
action of the lobe of the stationary cam M on the pin N 
forces the a rm down into engagement with its slot. This 
engagement occurs a t  the instant when the intermittent 
gears pass out of engagement. The Geneva gear action of 
the arm D, in its further rotation, decelerates the driven 
member to a stop 180 degrees from the point where the 
accelerating arm C started its rotation. 

Inverse Geneva Wheel Motion.- The term "inverse" 
is applied t o  an unsual form of the well-known Geneva 
mechanism for  producing intermittent circular motion, be- 
cause the driving and driven members rotate in the same 
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direction, whereas with the usual form of Geneva motion, 
the rotations are reversed. The arrangement is such that  
the driving crank axis and the crank circle are entirely 
within the radius of the plate or  driven member, and this 
produces a vastly different effect in the timing, acceleration, 
and the velocity of the plate. These effects are things to  
be considered in applying the mechanism to a machine 
design. In some designs, the effects produced may not be 
altogether desirable, while in others they may have distinct 
advantages and introduce a n  improvement. 

The inverse Geneva stop or wheel motion was developed 
to  fill the requirements of a particular type of drive for 
feeding strip stock into power press dies. Since its incep- 
tion a variety of successful applications in automatic ma- 
chinery have been made. 

Typical forms of the inverse Geneva wheel are  shown in 
Figs. 4 and 5, the former showing a three-station and the 
latter an eight-station plate. The essential parts a re  few 
and simple, consisting of a constant-velocity driving crank 
C and a variable-velocity driven member D, called the plate. 
The plate rotates in equal intermittent movements from 
station to station, stopping for a short interval of time a t  
each station. As the rotation of the plate is caused by the 
motion of the crank-pin roller E in passing through radial 
grooves in the plate surface, the number of stations is de- 
pendent upon the number of grooves. 

The smallest number of radial grooves with which a 
Geneva mechanism will function is three. The greatest 
number is infinite, being limited only by the diameter of 
the plate and the width of the grooves, both of which may 
theoretically be made to any proportions. In actual prac- 
tice, however, the number of grooves required is not very 
great. 

Working and Idling Angles of Driver Rotation.-By 
comparing Figs. 4 and 5 i t  will be seen that  as the number 
of grooves increases, the working angle a of the driving 

Fig. 4. Thraa-#tation Invene Oenevr. Wheel leohrairm 
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crank decreases and the idling angle b increases. These 
angles are  determined as follows: Referring to Fig. 6, the 
angle s between two adjacent radiants on the Geneva plate 
is equal to 360 degrees divided by the number of radiants 
N. As the roller enters and leaves the grooves when the 
crank center line is at right angles to the radiants, two 
equal triangles are formed by the lines AEB and AE'B, 
from which i t  is seen that  angle h equals 180 - s. Then 
angle a equals 360 - (180 - s) = 180 + s. 

Fig. 6 also shows some of the practical points to be con- 
sidered in the design of an  inverse Geneva wheel or  stop. 
In both Figs. 4 and 5 the inner ends of adjacent grooves 
are  joined by a circular arc which is concentric with the 
crank circle. This arc is of little or no use, and to facilitate 
machining, i t  is preferable to connect the grooves with 
straight lines, as a t  h, Fig. 6. The corners should be broken 
by a small radius to permit the roller to enter the grooves 
more easily. 

Locking t h e  Driven Member.-In any sort of intermit- 
tent  motion device it is desirable, and usually necessary, 
tha t  some means be provided for locking the driven mem- 
ber in position while i t  is a t  rest. The locking feature em- 
ployed in this mechanism is shown in Fig. 6. In  this illus- 
tration, a circular arc lobe, machined concentric with the 
driving crank axis, is shown as an integral par t  of the 
crank a t  d. 

During the idling period of the driving crank, this lobe 
is in contact with one of the locking segments e, which arc 
made to  project from the face of the plate and a re  machined 
to the radius of the lobe just described. This feature pre- 
vents any accidental rotation of the plate while i t  is in one 
of the rest positions. The angles f and g subtended by the 
arcs on e and d, respectively, are equal, and their magni- 
tude is a matter that should be given careful consideration. 

The angles should be made as  large as possible in order 
to keep the plate locked during the entire time that  it is 
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not in motion, but making them too large will result in in- 
terference of the parts. The best results are obtained by 
making angles f and g each equal to angle b. This per- 
mits the locking action to begin the instant the crank roller 
leaves one groove and to end the instant i t  enters the next 
groove. This, i t  will be seen, is the case in Fig. 6. The 

heavy full outlines show the crank in the act of entering 
a groove, while the left half of the locking segment is just 
being cleared by the lobe on the crank so that  rotation may 
begin in the plate. The light doband-dash outlines show 
the crank in the act of leaving the groove, with the lobe 
engaging the left half of the locking segment. 

A locking segment e is placed midway between each two 
grooves, as shown. Their centers represent the relative 
positions of the crank during the idling interval between 
working periods. The radius of the locking segment is 
more or less arbitrary, but i t  will be limited by the radius 
of the plate. The locking segments do not add greatly to  
the cost of manufacturing the plate, because their shape is  
quite simple. In fact, the structural lines of the entire 
plate are made up of simple geometrical figures and are 
easily machined without the use of templets or masters. 

Geneva Type of Work - Reversing and  Transfer 
Mechanism.-Many types of automatic machines must be 
provided with means for turning over or reversing the 
position of the work a t  some point during i ts  progress 
through the machine. This is accomplished very effectively 
in one case by the mechanism shown in Fig. 7. The work 
a t  A is turned over and transferred t o  position B. To 
accomplish this, the work A is fed in the direction indicated 
by arrow C to the position D in the reversing mechanism 
E. A plate F in this mechanism holds the work by means 
of pressure applied by two springs, only one of which can 
be seen in the illustration. Attached to the  reversing 
mechanism is a gear H which is mounted on a shaft J. 

The Geneva mechanism shown below gear H turns the 

entire unit through a n  angle of 180 degrees in the  direction 
indicated by arrow K each time i t  functions. This move- 
ment transfers the  work f rom position D t o  L. When the 
next piece is pushed into position D, it comes in contact 
with pad N on plunger M, pushing i t  to  t h e  right. Thus 
the pad P on the other end of the  plunger pushes the  work 
into the  position indicated a t  B. This action i s  repeated 

PIS. 7. Yaohanlsm for Ilawarrlnr Work D mnd R m s f a n l n c  it  to 
Posltion B 

a t  each cycle of the machine causing the work, which has 
been reversed, to  be pushed along, as shown at B and R. 
The indexing i s  accomplished by means of a Geneva move- 
ment, in which the  combination lever and locking segment 
S revolves in  the  direction indicated by arrow T through 
one complete revolution fo r  each 180-degree indexing move- 
ment of member E. 
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The roll V, a t  each revolution, engages one of the slots 
W in the plate, causing the large spur gear X to revolve 
in the direction indicated by arrow Y through one-sixth of 
a revolution. The speed ratio between gear Z and gear X 
is three to one. Thus gear G is revolved anti-clockwise 
one-half revolution, causing gear H to revolve one-half 
revolution in  the direction indicated by arrow K. This 
completes one cycle in the operation of the automatic ma- 
chine. 

Segment Gear and Geneva Wheel for Intermittent 
Rotary Motion.- The mechanism shown in Fig. 8 was de- 
signed t o  give a large heavy table or turret an  intermittent 
rotary motion. The drive shaft A carries a gear segment 
B which contains just enough teeth to cause gear C to make 
one revolution. On the same shaft with gear C is a crank 
carrying a roller D which engages slots in plate E. Plate E 
is so mounted on the table or  turret tha t  i t  is  free to revolve. 

Plate E carries pins F which are engaged by the rim o r  
periphery of the circular segment G which is a part of the 
crank. This action locks the plate E in position while the 
roller i s  out of engagement with the slots. By varying the 
number of teeth in the pinion, the size of the segment, and 
the number of slots, the length of the  dwell period can be 
increased or  decreased. During the dwell period, while 
segment B i s  out of contact with the gear C, the roller D 
remains in the position shown. Very little shock occurs 
when the segment comes into contact with the gear. This 
mechanism is adapted for moving heavy loads, as  the power 
is applied near the periphery of the table. 

Locking Driven Wheel of Geneva Movement.-The 
modified Geneva movement shown at the left in Fig. 9, 
illustrated and described in Volume I, "Ingenious Mechan- 
isms for Designers and Inventors" (page 74), provides 
positive locking of the driven member between the indexing 
movements. The locking is accomplished by having one o r  
two of the rollers R engage the annular groove G. The 



178 INTERMITTENT MOTIONS OF THE GENEVA TYPE INTERMITTENT MOTIONS OF THE GENEVA TYPE 179 

roller PI carried by the driving disk B, is shown about to 
leave its slot, having completed the indexing of shaft S. 
The roller R, shown entering the groove G, serves to lock 
the disk and shaft S until the next indexing movement. 
This mechanism has the disadvantage of being rather large. 
Also, roller R is so located that the driver B must be of 
such a large diameter D that it would interfere with the 
shaft S if i t  were extended through the driven wheel. This 
construction necessitates placing the driven wheel a t  the 
end of the shaft, thus preventing the use of an outboard 
bearing. 

These objections have been overcome by the arrangement 
shown by the diagram a t  the right in Fig. 9, in which the 
locking of the driven disk is accomplished by lugs L which 
extend beyond the radial grooves of the driven member, so 
that they are engaged by the groove G in the driving mem- 
ber. Rollers can be substituted for the lugs L, but they 
are more expensive. I t  will be noted that the same diameter 
of driven wheel requires a driver of much smaller diameter 
than the mechanism shown a t  the left. I t  will be noted 
also that the lugs L are located in the most effective posi- 

tions for  locking the driven member, whereas the rollers R 
are so positioned that they lose about 30 per cent of their 
effectiveness. In other words, a given clearance between 
the locking members will permit more play or looseness in  
the case of the mechanism shown a t  the left. The loads on 
the locking pin required to resist a given torque will be 
about 50 per cent greater than on the lugs L. 

Another advantage of the improved mechanism i s  that 
i t  is easier to  make, especially in  shops not accustomed to  
handling precision work, because the groove G extends for 
exactly half the driver area, or through a n  angle of 180 
degrees, while the groove G of the other mechanism is some- 
what over 180 degrees and must be carefully calculated and 
laid out. The rollers R must not only be accurately spaced 
between the grooves of the star wheel of the  driven mem- 
ber, but they must also be accurately located at the correct 
distance from shaft S. On the other hand, the lugs L can 
easily be centered on the slots in the s tar  wheel, and their 
location from the center is also easily accomplished. Still 
another advantage is that by cutting away a little material 
on the star wheel and modifying the  arm of the driver 
that carries the roller P, either the driver or  the driven disk 
can be assembled or dismantled without disturbing its mat- 
ing part by sliding one part past the other. 

Application of Geneva Wheel to Turret Indexing.- 
A well-known method of indexing the turrets of automatic 
machines is by the use of the principle of the "Geneva" 
motion. This has the advantage of giving a slow starting 
movement which gradually accelerates and then slows 
down before reaching the stopping point, thus securing 
rapid indexing and a t  the same time avoiding shock. An 
example illustrating the application of a Geneva wheel 
to turret indexing is shown in Fig. 10. In  this case, the 
pin A engages the slots in the disk B to index the turret. 
The cylindrical portion of the pin carrier C engages con- 
cave portions of the disk B to locate the turret approxi- 
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mately; the automatic spring-operated latch D accurately 
locates the turret by engagement with notches in the large 
dividing wheel E. The turret is afterwards locked by a 
sliding steadyrest. This indexing mechanism gradually 
accelerates the heavy turret a t  the time of indexing and 

INTERMITTENT MOTIONS OF THE GENEVA TYPE 181 

then gradually checks its momentum. Fig. 11 shows an- 
other application of the Geneva drive, in which a roller A 
engages slots formed between blocks B for indexing the 
turret C. The roller is carried on a sleeve D which i s  in- 
termittently turned by gear E. 

Graphical Analysis of the Geneva Mechan1sm.- In de- 
signing a Geneva mechanism for  intermittently indexing 
a shaft or some other machine member through part of a 
revolution, i t  is frequently difficult for  the designer un- 
familiar with the mechanism to study its action. The fol- 
lowing analysis is presented with a view to  making the 
study of this mechanism easier. In the analysis i t  will be 
shown that a pair of imaginary arms connected by a n  im- 
aginary link can be substituted for the Geneva mechanism 
and be kinematically identical with it. This is true for 
every point of the working range of the  motion. The im- 
aginary arms and connecting link will be of varying lengths 
at the different points of action, but a t  every point will be 
subject to  the very simple laws covering the action of link 
work. 

Fig. 12 shows in outline a typical form of the Geneva 
transmission at the beginning of the cycle. For simplicity, 
four slots are shown in the driven wheel N, although this 
analysis is equally applicable to any number of slots. The 
driving arm is  shown a t  M, the center of the driving arm 
at A, the center of the driven wheel at B, and the center 
of the roller at E. The same mechanism is illustrated in 
Fig. 13 a t  a n  intermediate point in the cycle; here the 
letter 0 represents the imaginary driving arm, P the im- 
aginary driven arm, and Q the imaginary connecting link. 
The imaginary arms and link are laid out as  follows: Draw 
a line connecting E, the center of the roller, and B, the 
center of the driven wheel. Passing through E, draw the 
normal ED, and through A draw a normal to ED, inter- 
secting a t  D. The imaginary driving arm, is now length 
AD, the imaginary driven arm. EB, and the imaginary con- 
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Fir. IS. Outllne of s Typbrl Form of the Q a e v .  Mechml8m 
at the Bsginnlnr of a Cyole 

Fir. 18. Oenerr Meohmlnm, r i t h  I n u . l n y  drrm and L h k  
u 8  KInenutI~Lly I4entlo.l r l th the O.nera Motion 

necting link, ED. This imaginary linkage system kine- 
matically replaces the Geneva mechanism for the point of 
the cycle a t  which E is in this illustration. 

Fig. 14 shows the mechanism laid out with center E at a 
point still further advanced in the cycle. I t  will be noted 
from this illustration that the imaginary driving arm 0 
has lengthened and that the arm P and link Q have short- 

Fir. 15. Inl t lJ  Po8ltion of &enerr T r m s m h b n ,  s t  whloh Point 
the Velocity Itstto I8 Zero 

ened. In Fig. 16, the mechanism is shown a t  the middle 
of the cycle, where the imaginary driving arm attains i ts  
maximum length and coincides in length and position with 
the actual driving arm M. The imaginary driven link has 
shortened to the minimum, coinciding in  position and length 
with line BE of the driven wheel, and the length of the 
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connecting link is now zero. At this point the velocity ratio 
is at the maximum. 

At the initial position of the Geneva transmission, which 
is illustrated in Fig. 15, the length of the imaginary driving 
arm is zero and the length of the driven link equal to BE, 
the maximum acting radius of the driven wheel. The length 
uf the imaginary connecting link is also zero. In this case, 
the velocity ratio is evidently zero. 

Determining the Velocity Ratios at Intermediate 
Points.- It is now in order to show the method of finding 

Fig. 18. M e a h n i m  at Ylddle of Q c l e ,  wbrre Vel00it7 Bath L 
at the Hulmurn 

the velocity ratio a t  intermediate points. In Fig. 13, the 
AD 

ratio is, by the law of leverages, - , as the connecting link 
BE 

is normal to both levers, and in Fig. 14 the velocity ratio is 
AD 

also -. (Compare with a pair of pulleys of radius AD 
BE 

and BE, connected by a belt DE). By laying out a number 
of lever systems, as in Figs. 13 and 14, the velocity curve 
of a Geneva mechanism can be determined for as  many 
points as desired. 

There is, however, a more direct method of determining 
the velocity ratio. In Figs. 13 and 14, the triangles ADC 
and BEC are  similar by construction ; therefore AD : BE : : 

AD AC 
AC : BC. Hence - equals -, and the velocity ratio is 

BE BC 
AC 

equal to - , Lines AC and BC a r e  the segments into 
BC 

which the imaginary connecting link Q divides the line of 
centers AB. 

Laying out the Velocity Curve.- To lay out the veloc- 
ity curve, first divide the circumference EEI, Fig. 17, into 
any number of parts, preferably equal. Then from B draw 
lines BX, BY, etc., through these points spaced out on the 
circumference. From these lines BX, BY, etc., draw nor- 
mals 40-40, 35-35, etc., intersecting the points on the cir- 
cumference and the line of centers AB. Now, assuming 
that A-15 along the line of centers measures 2.4 inches, and 
B-16, 6 inches, the velocity ratio a t  point 15 on the circum- 
ference equals 2.4 t 6 or 0.4. Compare this result with 
the velocity curve in Fig. 18. 

Now prepare for laying out the velocity curve by erecting 
ordinates on the base line 0-90, Fig. 18, a t  equal distances 
apart. Lay off on each ordinate a distance corresponding 

A-5 A-10 
to the quotient obtained by dividing -, - , etc., and 

B-5 B-10 
connect these points. The resulting curve will be tangent 
to the base line a t  0 and 90 and tangent to a line parallel 
to the base a t  the vertex, as  shown. The velocity begins a t  
zero, gradually increases to a maximum a t  the vertex of the 
curve, and then gradually diminishes till a t  the end of the 
cycle i t  again becomes zero. 

Using the Velocity Curve.- If i t  is desired to find the 
point a t  which a velocity of 100 per cent occurs, bisect the 
line of centers AB, as in Fig. 19. On these segments draw 
the semicircles ADC and CEB. Through point E where one 
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semicircle intersects the path of the center of the roller, 
draw the line ED, intersecting the line of centers AB 
through C. The angle CEB, being drawn on a diameter, 
will be a right angle. From A drop a normal AD, inter- 
secting DE. The velocity ratio is AC + BC, which equals 1. 

The construction for  the 200 per cent ratio is shown in 
Fig. 20; in this case, the line of centers is trisected. Hori- 
zontal lines may be drawn intersecting the velocity curve 
in such a manner as to afford instant means for determin- 
ing the velocity a t  any desired point. A ready method is 
to determine by the means suggested in the preceding para- 
graph, the height of ordinate H-45, Fig. 18, for a 100 per 
cent increase. Then divide H-45 into five equal parts, each 
of which will be equal to 20 per cent. Draw horizontal lines 
through these points of division and where these lines in- 
tersect the velocity curve, the velocity percentage will be 
known. The whole range of the velocity curve can be treated 
in this manner. I t  will be obvious that the velocity, after 
the driving member has moved 10 degrees, is found a t  the 
intersection of the ordinate 10 and the horizontal line 
marked 20 per cent. 

To find the angular position of the driven wheel, prolong 
the lines BX, BY, etc., in Fig. 17, until they intersect arc 
ET. Measure angles ABX, ABY, etc., and lay off below the 
velocity curve, as shown in Fig. 18. The angular position 
of the driven wheel corresponding to any position of the 
driver can then be read off directly. 

The only practical point in the design of the Geneva 
transmission that will be referred to here is to call attention 
to the desirability of enlarging the diameter of the driven 
wheel, as shown a t  points R, Fig. 17. This permits of oper- 
ating a locking mechanism while the driven wheel is con- 
strained by the driver, and makes the Geneva stop of very 
general application in automatic and semi-automatic ma- 
chinery. 

CHAPTER V 

TRIPPING OR STOP MECHANISMS 

Mechanisms of this general class may be used to stop a 
machine automatically either a t  the conclusion of a series 
of operations, possibly for stock renewal, or after a pre- 
determined number of revolutions. Another function of a 
stop mechanism is to prevent the transmission of power to 
the machine whenever an abnormal operating condition 
would result in damage to the machine. These and other 
applications will be described. 

Mechanism for Stopping Machine Automatically when 
Reel is Filled with Wire.-The mechanism shown in Fig. 1 
is part of a machine for insulating electric wire. The pur- 
pose of this mechanism is to automatically disengage the 
machine clutch and thus stop the machine when the reel 
upon which the finished wire is being wound has been filled. 
This leaves the operator free to attend to other duties while 
the wire is being wound on the reel. 

As the wire reel A gradually becomes filled, the roll B, 
resting on the layers of wire, is forced outward, causing 
the arm C, through a sliding clutch mechanism, to dis- 
engage the power actuating the reel. The roll B is held 
snugly against the wire by means of a weight (not shown) 
connected to the arm C by the cable Y. 

The driving shaft D for the reel is supported in bearing 
E bolted to the machine base G. On this shaft is shrunk 
the clutch member H which engages the clutch teeth on 
sleeve J, to which gear K is keyed. Gear K meshes with 
gear L keyed to the shaft M on which the reel is secured. 
Sleeve N is a free fit in bearing F, and a t  its right-hand 
end has a turned collar. One end of coil spring 0 is placed 
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in a hole drilled in the end of bearing F. This spring, when 
released as explained later, serves to rotate sleeve N in 
bearing F, so that the screw pin P, engaging a cam slot S 
in the sleeve, causes the clutch to move axially, disengaging 
the clutch members H and J. 

The latch for  releasing the spring i s  shown a t  Q. This 
latch slides radially in the guide R cast integral with bear- 
ing F. The movement of this latch is controlled by the pin U 
which is riveted to the latch and engages the deep cam slot 
T in a projection on arm C. Arm C turns freely on drive 
shaft D and is prevented from moving axially by the sta- 
tionary pin V which engages a segmental groove in i ts hub. 

When in i ts lowest position, the latch engages the pro- 
jection I on the hand-lever W, which is a free fit on shaft  D 
but is kept from moving axially relative to sleeve N and 
shaft D by collar X pinned to  this shaft. Incidentally, lever 
W is pinned to  the end of sleeve N and must therefore ro- 
tate with it. Sleeve Z provides for a n  axial movement of 
shaft D; the shaft slides in the sleeve, but is prevented 
from rotating by a key engaging a spline in the shaft. This 
sleeve is part of a shaft which is connected directly t o  the 
driving motor shaft. 

The wire passing on to a nearly full reel is indicated in 
dot-and-dash lines in the end view. A t  this time, the last 
layer of wire on the reel has forced the roll B and arm C 
very nearly to their farthest right-hand position. During 
this movement of the arm, the cam pin U has been forced 
outward radially until latch Q is just about t o  leave projec- 
tion I on the hand-lever W. As soon as  another layer of 
wire is wound on the reel, the lever C will swing to the right 
a corresponding amount and cam slot T will raise pin U, 
so that latch Q will be entirely disengaged from projection I. 

It should be mentioned that a torque has been developed 
by the coil spring 0 which, up to this point, has held the 
projection I tightly against the latch. As soon as the latch 
releases the lever, the energy stored in  the spring causes 
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the lever to swing in a clockwise direction, rotating sleeve N 
until pin P comes into contact with the opposite end of cam 
slot S. The action of the pin in this slot will cause the 
sleeve, together with lever W, shaft D, and clutch member 
H, to move axially toward the left and thus disengage clutch 
member H from the clutch teeth in sleeve J. By disengaging 
these clutch members, the power is thereby disconnected 
from the reel, causing the latter to stop, so that i t  can be 
replaced by an empty one. 

Fb. a. Yeohmi~rn for Automrtlorlly titoppin. tho Mrchlne when New Bu 
of Btook la Required 

When the empty reel is in place, the hand-lever W is 
merely swung downward to start the reel rotating. This 
causes roll B to rest on the core of the reel and the cam 
slot T to allow pin U to  move downward, so that latch Q 
once more engages the projection I and locks the lever in 
position. This downward movement of the hand-lever, of 
course, rotates the sleeve N so that the reverse action of 
the pin in the cam slot S occurs, moving the sleeve N toward 
the right and engaging the clutch members H and J, thus 
rotating the reel. 

One outstanding feature of this arrangement is that 

there is no excessive end thrust on the bearing, a condition 
which is typical of mechanisms of this type. 

Stopping Machine for Stock Renewal.-A device for 
stopping the machine when the bar of stock has all been 
used is shown in Fig. 2;  this result i s  accomplished by a 
mechanism controlled by the disengagement of the feeding 
device with the stock. The mechanism is so designed as to  
stop the machine with the jaws of the chuck open, so that a 
new rod of stock may be inserted; it i s  also devised so that 
the machine is not stopped nor the chuck opened until the 
length of stock projected by the forward movement of the 
feeding mechanism is acted on and severed from the re- 
maining stock. This is accomplished by so constructing 
the stop mechanism that it is thrown into operative position 
when the feeding devices are disengaged from the stock, 
but does not operate to  stop the machine until the feeding 
devices are again advanced. 

In this construction, the slide A,  connecting with the 
feeding tube by the grooved collar B, is drawn back by a 
spring when the stock passes beyond the feeding fingers, 
there being no friction to hold i t ;  this operates lever D 
(shown dotted), the movement being made possible by the 
widened space in the cam groove a t  E. This movement al- 
lows the projection F to pass the latch G so that, on the next 
revolution of the cam, the lever H, carrying the latch, is 
rocked together with shaft I, which throws the driving 
mechanism out of operation and also sounds the gong J t o  
notify the operator that a new piece of stock is needed. 

Cork Cap-Disk Feeding Mechanism which Operates 
Only When Caps are in the Receiving Position.- T h e 
device ahown in Fig. 3 is used in conjunction with a cap- 
feeding mechanism for inserting cork disks in the caps. 
As the caps are fed down the line the device places a cork 
disk in each cap, after which the caps continue on their 
way to other stations. The outstanding feature of the de- 
vice is that i t  will not feed a cork diak R from the mag- 
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azine Q unless there is a cap ready to receive it. This is 
quite important, because it frequently happens that the flow 
of caps is interrupted. If the device continued to feed the 
cork disks, they would be wasted and in all probability, the 
mechanism would jam. 

This cork disk feeding mechanism is synchronized with 
the cap-feeding mechanism, so that there is no chance for a 
misstep in production. The cork disks R are stacked in the 
vertical magazine or tube Q, which i s  kept in continuous 
agitation so that the disks assume a horizontal position, the 
upper ones falling down when those at the bottom a r e  re- 
moved. A feeding finger MI slightly larger in width than 
the diameter of the cork disk, passes back and forth under 
the stack of disks, pushing them, one by one, under the 
plunger P. The plunger then forces the cork disk into the 
cavity provided for it in the cap. An anvil S is provided 
under the caps to take the pressure of the plunger. 

The finger M slides in a groove provided for it between 
D and T. A hinged latch, consisting of parts K and L and 
the latch part  B, is fastened to the feeding finger per- 
manently. Below the feeding finger i s  the driving slide F, 
which functions in a groove between T and E. The driving 
slide reciprocates continuously under the action of the 
rocker arm H through the pin connection G.  A groove cut 
in the top of the driving slide corresponds in shape to  the 
projection C on latch B. When projection C rests in the 
groove on the top of the driving slide, the feeding finger M 
is reciprocated under the cork disk stack. 

The mechanism is synchronized, so that a cork disk is in 
place ready to be forced down by the plunger just at the 
time when the cap begins to  move from its place directly 
ahead of the cork disk feeding mechanism. A feeler bar N 
is placed at this point ahead of the cork disk feeding mech- 
anism and, by its vertical motion, controls the feeding of 
the cork disks. The feeler bar is guided in a slot cut in the 
cap guide bar, and the opposite end rests in a slot in the 
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end of the lever A, where i t  is retained in place by a pin 0. 
Lever A, in turn, is pivoted on a screw V, and is balanced 
about its pivot point so that the weight will be slightly 
greater a t  the end where the feeler bar  is located. This in- 
sures the proper contact between the caps and the feeler 
bar. 

The opposite end of lever A rests on a horizontal projec- 
tion on latch B and on the tapered button J. The tapered 
button has a smooth vertical motion under the action of the 
light spring U in the well provided f o r  it in D. 

The operation of this device will be clearer by referring 
to the three views in Fig. 4, which show lever A in three 
different positions. The upper view shows the lever in the 
position assumed when a cap is under the feeler bar. The 
projection C on the latch is located in the slot on the driving 
slide F. At the same time, the tapered button J is in con- 
tact with the lever. The central view shows the position 
of the parts when the feeding finger has  pushed a cork disk 
into place under plunger P. Lever A i s  in the same position 
as in the upper view, which indicates that another cap is 
under the feeler bar. The projection W on latch B has 
depressed the tapered button, so that  the projection C en- 
gages the driving slide F. When there is no cap under the 
feeler bar, the parts assume the positions shown in the 
lower view. In this case, lever A has been raised from the 
tapered button so that as the projection W rides up the ta- 
pered surface it lifts projection C out of the slot in  the 
driving slide and thereby stops the movement of the feed- 
ing finger M, Fig. 3. 

Device that Prevents Engagement of Clutch Until 
Slide is in Operating Position.-The rotating s p i n n i n g  
tool of a machine for spinning an inaccessible joint in 
kitchenware had to be of the expanding and contracting 
type to allow access to the work. The machine clutch was 
required to be disengaged and the rotary movement of the 
tool positively stopped while the tool entered the work, as 
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PIC. 6. W e t y  Dories that Prevent1 Expanding Spinning Tool from 
Baing Operated while it 11 Entering or Leaving Work 

otherwise, the centrifugal force would cause the tool to 
expand and damage the work. To prevent the operator 
from accidentally leaving the clutch engaged a t  this time, 
the simple locking arrangement shown in Fig. 5 was 
devised. 

The tool-spindle A rotates in bearings B and C, which are 
cast integral with a vertical tool-slide D. This slide is fed 
downward by a foot-pedal, which actuates a rack and pin- 
ion. The foot-pedal and rack and pinion are not shown in 

the illustration. The machine clutch i s  operated by lever E, 
pivoted to the bracket cast on the machine frame F. This 
lever is connected to the clutch mechanism by a link G. The 
interlocking arrangement consists merely of the dog H on 
the hub of lever E and the stop L, which is secured to the 
vertical slide by a nut on the stud J. This stop is of angu- 
lar shape and has a slight vertical adjustment to accom- 
modate similar work of different sizes. The adjustment is 
provided by the elongated holes for the aligning pins K and 
stud J. 

The slide is shown in its working o r  lowest position, and 
the stop is down far enough to allow dog H to pass when 
the lever is swung in a clockwise direction to engage the 
machine clutch. In swinging the lever for  this purpose, 
however, the dog is moved toward the left, thus blocking 
the return of the stop, with the slide, while the clutch is 
engaged. After the work has been spun, the operator must 
shift lever E back again to disengage the clutch before re- 
turning the slide to its upper position. Thus, when the 
slide is a t  any other point than the lowest point indicated, 
the dog will come in contact with the stop and prevent the 
lever from being swung clockwise to engage the clutch. 

Roller Clutch with Tripping Device.-In designing spe- 
cial machinery, i t  is often necessary to  provide a tripping 
clutch similar to that used on a power press. Such clutches 
may be required to have the added safety feature of not 
repeating should the operator fail t o  take his foot off the 
starting treadle. Special wire or pipe bending machines, 
special cutting-off machines, and single-action machines for 
such operations as  gluing, notching, stamping, and scoring, 
are typical machines on which clutches of this kind are 
used. To meet the requirements of such machines, the 
clutch shown in Fig. 6 was designed. Although not new in 
principle, the design has been developed to  a point where 
the device is light in weight, compact, and effective in ac- 
tion. Different applications may, of course, necessitate 
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changes in the mounting, treadle action, and driving means. 
When the machine is in operation, the flywheel A re- 

volves continuously. Shaft B remains stationary until the 
operator depresses the foot-treadle. When the treadle i s  
pressed down, shaft B makes one complete revolution and 
stops, regardless of whether the operator removes his foot 
from the treadle or keeps the treadle depressed. In order 
to cause the shaft B to make another complete revolution, 
the treadle must be allowed to return t o  its normal position 
and be depressed again. 

Briefly, the action of the tripping device is a s  follows: 
When the foot-treadle is depressed, the treadle-rod pulls 
plate X to the right against the tension of spring Y. This 
movement brings latch 0 into contact with collar U at V, 
causing rod T to move to the right against the tension of 
spring R. The downward movement of the foot-treadle is 
continued until the latch P a t  the end of rod T is disen- 
gaged from the nose J of the friction roller cage, also shown 
in Fig. 7. The friction roller cage, being thus released, i s  
revolved clockwise on the hub of collar E through the action 
of spring K fastened to pins L and M, Fig. 7. Referring to 
Fig. 6, i t  will be noted that collar E is keyed t o  shaft B. 

Now as the roller cage revolves, it carries the rollers N 
with it, forcing the rolls to climb up the cam surfaces of 
the cam member D, which is keyed to  shaft B. The rollers 
finally reach a point where they act as wedges between 
cam D and the hardened steel ring G, which is pressed into 
the hub of the flywheel A. Flywheel A then drives shaft B 
forward in the direction indicated by the arrow, the roller 
cage and collar E revolving with the shaft. 

The shaft B is revolved but a fractional par t  of a revolu- 
tion before the cam Q, secured to  collar E, comes in contact 
with the cam I a t  the end of plate X, causing plate X t o  
pivot about pin W against the tension of spring F. This 
action serves to disengage collar U from contact with latch 
0 a t  point V, allowing spring R to  force rod T back into 
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the position shown, with the latch P ready to engage nose J 
of the roller cage when it has made a complete revolution. 

As the rolls are prevented from moving forward by the 
roller cage when nose J is stopped by latch P, their wedging 
action between the ring G and the cam D is released and 

Fk. I .  Roller C w s  J, Collar E, and Cam D of dlutoh 
Shown in Fir. 8 

shaft B stops, while the flywheel continues to revolve. All 
parts of the device are now in the positions shown in Fig. 6, 
ready for  the tripping operation to be repeated. While 
the treadle-rod and the latches are shown in a horizontal 
position in the illustration, they are usually located in a 
vertical position, plate S being mounted on the machine 
frame, portions of which are shown in cross-section in the 

lower view. However, the construction is such that the 
latch can be located at any desired angle relative to the 
roller cage. To insure efficient operation of the safety de- 
vice, care should be taken to see that the rod T slides freely 
in its bearings, and that spring R has a very snappy action. 
All wearing parts should, of course, be hardened. 

Tripping Device for Bead-Chain Cutting-Off Machine.- 
Bead chain made of brass is used in large quantities for 
electric-light pull-sockets. This chain is wound on spools 

Fk. 8 .  Eloobrid Tripplnr Device that Btopm Yaohlne when Chain 
Brerlrs or when the Slack Varles 

in bead-chain forming machines and then delivered to other 
machines where it is cut off to the required length for as- 
sembly in the sockets. In the cutting-off machines, the 
chain is passed over two sprockets A and B, Fig. 8. Creep- 
ing of the chain on the sprockets is one of the major trou- 
bles experienced with these machines; and if the machine 
continues running after creeping occurs, mutilation of the 
chain in another part of the machine results. 

It was found that this difficulty could be overcome by 
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maintaining a certain amount of slack between the sprock- 
ets;  and to obtain this condition, the tripping arrangement 
shown was incorporated in the machine. The tripping 
mechanism is so arranged that if the slack becomes appre- 
ciably greater or less than that indicated, the chain closes 
the electric circuit of a solenoid. This causes the core of 
the solenoid to release a clutch which stops the machine. 
The operator then gives the chain the required amount of 
slack. One of the advantages of this type of tripping de- 
vice is that  the chain is not required to lift or  support any 
weighted latch member in order to close the circuit; the 
chain itself closes the circuit. In addition to  this, if the 
chain breaks, the circuit is also closed, causing the solenoid 
t o  stop the machine. 

The tripping arrangement consists chiefly of the fiber 
slide C, which is guided in the stationary block D. On the 
slide are  mounted two sets of rolls E and F. At the end 
of the small pins on which the rolls turn, copper wires are  
soldered. These wires are  connected to the two main wires 
G and H leading t o  the solenoid (not shown). I t  will be 
noted that  slide C has a floating action, its weight being 
supported by the spring attached to screw J. This pre- 
vents excessive pressure of the upper rolls on the chain. 
Screw J can be adjusted so that the chain is normally half 
way between the upper and lower sets of rolls. The slide 
is made from fiber in order to insulate i t  from the machine, 
and the machine is separated from its foundation by layers 
of insulation to  prevent grounding of the current. 

The action of the device is as follows : If the chain creeps 
forward on sprocket B, the slack will increase until the 
chain rests on rolls F. This closes the circuit formed by 
wires G and H and operates the solenoid, which, in turn, 
releases the clutch and stops the machine. If the creeping 
of the  chain is such that  the slack is reduced, a similar 
action of the solenoid occurs, the chain being drawn against 
rolls E, in this case, and thus closing the circuit. 

Quick -Tripping Mechanism for Clamping Device.- 
In designing a special clamping device, i t  was necessary 
t o  incorporate a quick-tripping mechanism which would 
provide for  a rather slow releasing and a n  almost instan- 
taneous clamping action. The mechanism designed for  this 
purpose consists of a common plate cam A (Fig. 9), and an 

Pk. 0. Quick-trlpplas Mechrnlam lor Clrmpinr Device 

involute cam F pivoted in a slot cut  through the middle of 
the plate cam. These two cams actuate the cam-roll C 
which performs the required tr ipping and releasing opera- 
tions. 

The shaft  B, t o  which the plate cam A is keyed, has a 
reversing motion. It revolves approximately 180 degrees 
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Plm. 10. Y s c h d 8 m  with r Lead-8cmw and Nut Ananred to Dhaannwt tlu Drl* a t o h  
after r Olvon Number of Bevolutlon8 

in a counter-clockwise direction, reverses, and then returns 
to the starting position, this oscillating movement being 
continuous. As the plate cam A revolves in a counter-clock- 
wise direction, the roll C is gradually depressed by the 
cam F, causing the clamping device to be released slowly. 
When the cam F reaches the point where the roll C is in 
contact with the lobe E of the cam A, the  clamp is fully re- 
leased, and continued rotation of the cam brings the end 
of the adjusting screw of latch I into contact with roll C, 
causing the latch to release cam F and allowing the springs 
G to draw the cam into the position shown by the dotted 
lines. 

At  this point the direction of rotation of shaft B is re- 
versed by a mechanism on the machine, which is not shown 
in the illustration. As the cam assembly turns in a clock- 
wise direction, the roll C reaches the end of the dwell sur- 
face of lobe E and is returned into contact with the con- 
centric portion of cam A with a very sudden action through 
the tension exerted by spring D. This sudden movement 
of roll C engages the clamping device almost instantly. As 
the cam continues to rotate, the roll C comes into contact 
with the protruding end of cam F. As the tension of spring 
D is sufficient to overcome the tension of springs G, the 
cam F is returned to the position shown by the full lines, 
where it is held by latch I, which is under the tension of the 
flat spring J. The mechanism is thus set in position fo r  a 
repetition of the cycle just described, upon the reversal of 
the shaft B. 

Mechanism for Stopping a Machine After a Given 
Number of Revolutions.-The mechanism shown in Fig. 10 
is designed for  use on either a hand- o r  a power-driven ma- 
chine. The object of the device is to control the number of 
pieces fed into an assembly from a magazine, by auto- 
matically stopping the machine a t  the end of the count. 
The device is applicable to any kind of machine in which 
a shaft or  the complete machine is required to  be stopped 
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after a given number of revolutions. The machine or shaft 
remains idle until the work is removed and the handle M 
is moved to the starting position. 

A pulley (not shown) drives the main tubular shaft B 
through clutch members E, F, and G .  Shaft B, in turn, 
drives the machine. The pulley is keyed to the hub of 
clutch spider E. The circular barrel F, having tinirty in- 
ternal teeth, is positively secured within the four arms of 
spider E and revolves with the pulley. The connecting 
and disconnecting circular clutch member G between B and 
F has thirty external teeth designed to mesh with the teeth 
in F at P. Member G is a sliding fit on shaft B, but is pre- 
vented from rotating on i t  by key R. 

The concentric spring-pad ring S, mounted on three slid- 
ing pins U, is backed up by three compression springs T. 
On the face of this pad is riveted a piece of brake lining or 
fabric which provides a frictional engagement between 
F and G. This friction clutch is adjusted to allow two 
revolutions before the speeds of the two revolving mem- 
bers become synchronized and the teeth become positively 
engaged at P. 

Within the shaft B is a sliding rod K having crosswise 
holes near each end, through which two pins L are driven. 
These pins project through slots in the sides of the shaft. 
Shaft B has either a buttress or a square thread with a lead 
and a horizontal length that is sufficient to provide for the 
largest number of revolutions required. The half-nut H is 
a sliding fit in the channel I ,  mounted on the slide J. The 
threaded hole in nut H is elongated on one side an amount 
equal to a little more than double the depth of the thread. 
The thread is also cut away until only about one-half of the 
threaded circumference is left for engagement. 

The pin N in the cross-slide actuates the transfer chan- 
nel I, either engaging the half-nut H with the lead-screw or 
disengaging it, by its action on the cam slot 0 in the sliding 
portion of handle M. Two coil tension springs Q are at- 

tached to  the half-nut, their opposite ends being positively 
fixed to the left-hand bearing on the machine. The half-nut 
is shown just making contact with the front of clutch mem- 
ber G. As shaft B continues to revolve, the nut advances 
until the clutch teeth a t  P are disengaged. The member G 
then comes in contact with pin L as both G and K are moved 
forward, disconnecting the clutch pad S from frictional con- 
tact with F. The machine is thus stopped, allowing the 
clutch barrel to run idle. 

When i t  is desired to start the machine, the handle M is 
pulled forward, causing the nut to become momentarily dis- 
engaged from the lead-screw, so that i t  returns instantly to 
its left-hand position, and is in mesh again with the lead- 
screw thread. On its return movement, nut H strikes the 
pin L a t  the left and causes the friction pad S to  engage 
F. This, in turn, causes G to rotate in synchronism with E, 
so that the teeth a t  P are engaged by means of rod K and 
pins L. This starts the machine, and the nut begins to 
travel on the lead-screw toward the clutch, where i t  repeats 
the stopping operation. Cam slot 0 is designed to lock the 
nut channel in its propel position while the nut is traveling 
on the lead-screw. 

When the nut is disengaged from the lead-screw by 
handle M, it is  returned by springs Q and caused to strike 
pin L a t  the left, thus being held momentarily in contact 
with the pin. The nut cannot start back until i t  has caused 
the clutch to engage and thus commence the count. The 
springs T under the pad S act as buffers against the sudden 
return impact of the nut on pin L, and allow the clutch to 
engage more smoothly. Screws at the back of the com- 
pression springs T provide means for adjusting the spring 
pad to give the proper synchronizing friction and buffer 
action. Screw V in the half-nut is adjusted to give the 
exact number of revolutions required. Any desired number 
of revolutions within the range of the lead-screw can be 
obtained by using a split washer of the right thickness on 
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the contacting face of nut H or by screwing pins of the 
required length into the face of the nut. 

For a large number of revolutions which would require 
a lead-screw of excessive length, if arranged as illustrated, 
the nut can be operated on an independent screw in a chan- 
nel a t  one side of the clutch, using speed reducing gears 
between i t  and shaft  B. In this case, the nut is made wide 
enough to surround shaft B and long enough to lead prop- 
erIy in its guiding channel. However, with a lead-screw 
12 inches long, having 18 threads per inch cut on shaft B, 
over 200 shaft revolutidns can be obtained before the clutch 
is disengaged. This is sufficient for most counting and 
machine stopping operations. 

Stopping Spring Fatigue Testing Machine at Time of 
Breakage.- An old punch press is used as a fatigue testing 
machine for shock absorber springs. The equipment op- 
erates twenty-four hours a day and a small counter indi- 
cates the number of times the spring is compressed. In the 
past, when a spring broke during the night, the machine 
continued to operate and a wrong number of compressions 
was recorded. 

The problem was solved by installing a photo-electric re- 
lay in such a position that the light beam passes beneath 
the bottom of the plunger when the plunger is in its lowest 
position. With this arrangement, the spring intercepts the 
light beam and prevents i t  from falling upon the photo-tube 
under ordinary circumstances. When the spring breaks, 
however, it coIIapses and the beam passes over i t  to the 
photo-tube, which actuates a relay and stops the operation 
of the machine. 

Power Press Stop Mechanism which Disengages Clutch 
when Magazine Feed Jams.-When parts become jammed 
as  they are fed from a magazine to the dies of a press, i t  
is  likely to prove disastrous, not only to the die members, 
but to the press members as well. The most practical 
method of preventing damage in such a case is to  stop the 

press instantaneously a t  the top of its stroke by some auto- 
matic means. This is done by the mechanism shown in 
Figs. 11 and 12, which makes it possible for one operator 
to tend three presses running at  about 75 revolutions per 
minute. 

This arrangement, as applied to  a battery of power 
presses equipped with automatic feed mechanisms, has 
proved highly satisfactory. In  addition t o  eliminating dam- 
age to press and die members, this mechanism also provides 
a valuable safety feature in tha t  the movement of two levers 
is required to s ta r t  the press; hence, both of the operator's 
hands must be on these levers a t  this time and out of the 
danger zone. 

Only the magazine feed-slide and tripping mechanism 
are shown. They are  mounted on the baseplate A, which 
is secured to the press a t  a paint adjacellt to the magazine. 
The feed-slide, which is indicated a t  B, reciprocates in 
guides on the block C, this block being fastened to the base- 
plate. The reciprocating movement of the feed-slide is ob- 
tained through link D, rocker a rm E, lever F ,  and cross- 
head G. Rocker a rm E pivots about the stationary sleeve J, 
and lever F is  pivoted to a r m  E at K. The lower end of 
lever F enters a slot in the side of sleeve J and is held 
against the side of plunger L by the spring M (Fig. 12). 
With this arrangement, a rm E and lever F oscillate nor- 
mally as  an integral unit. Thus, link D, which i s  attached 
at its upper end to the press ram, oscillates arm E and 
lever F, imparting an oscillating movement to the cross- 
head G, which operates in the vertical guides H on the 
feed-slide. 

The oscillating movement of the cross-head causes the 
feed-slide to reciprocate and push the work from the maga- 
zine into the die. However, should jamming of the feed- 
slide occur, the lower end of lever F would immediately 
swing away from the side of plunger L and cause the trip- 
ping levers N, 2, and P to operate, as will be explained 
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later. Levers N and Z are pivoted a t  S. Bracket U, se- 
cured to lever N, is held against the adjusting screw T in 
plunger L (Fig. 11) by means of the coil spring R, thus 
holding plunger L in engagement with lever F. Latch Q, 
on lever Z, is normally held in engagement with lever P by 
the spring V. Link W (Fig. 12) is connected t o  the clutch 
mechanism, and when moved toward the right disengages 
the clutch and stops the press ram a t  the top of its stroke. 

The Tripping Action when a lam Occurs.- Assuming 
that  the feed-slide B has jammed, the movement of the 
slide will be shortened or discontinued altogether, so lhat  
the Iower end of lever F will leave plunger L, allowing tha 
plunger to  be forced further into the sleeve J by the lever 
N. As levers N and Z swing together (by resetting and 
when jamming occurs only), the latch Q leaves the notched 
end of lever P, allowing this lever and link W to move to- 
ward the right under the action of a spring (not shown) 
and stop the press a t  the top of the stroke. The cause of 
the jamming can then be removed. 

To restart the press, the operator grasps levers Z and P. 
Lever Z is swung toward the right, carrying lever N back 
into contact with the stop-pin X, and thus allowing the 
shoulder a t  the end of plunger L t o  once more engage the 
lower end of lever F. After this, lever Z is swung slightly 
to  the left to clear the notched end of lever P. Lever P 
is then swung to the left untii its notched end engages the 
latch Q, thus throwing in the press clutch. 

As the work is fed to the dies on the upward stroke of 
the ram, jamming of the feed-slide usually occurs a t  this 
time; hence, the press is stopped a t  the completion of this 
stroke, thus preventing damage to  the press tools. This 
arrangement also insures the safety of the operator, a s  
both hands are  occupied with levers Z and P when starting 
the press. 

Mechanical Device Stops Press if Punch Breaks.- 
Electromagnetic devices for stopping a punch press by re- 

leasing the  clutch when the machine or  dies fail to function 
properly are sometimes used (see Ingenious Mechanisms, 
Vol. I, page 148). Serious damage to the  dies or  press is 
often prevented by such devices. Electromagnetically con- 
trolled devices have numerous advantages over the  all-me- 

NI. 18. Yaohraid &VIM for Stoppirrt Prwm I t  Plrolne Punoh 1. Broken 

chanical type, but there a re  times when such equipment is 
not desirable, especially when i t  is possible t o  install a non- 
magnetic device that  is cheaper and practically as simple as  
the circuit-closing mechanism required for operating the 
electromagnet. Such a device is shown in Fig. 13. It is 
designed to stop the press and prevent the  work frorn being 
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spoiled in the event that the small piercing punch P becomes 
broken. 

Referring to the illustration, latch A is attached to the 
frame of the press in such a position that the hook N will 
snap over the hand trip-lever B or an auxiliary member 
that operates pa~allel with the trip-lever when the latter is 
depressed sufficiently to engage the press clutch. If punch 
P is broken, the dog C, which swings freely in an extension 
of the punch-holder D, is pushed outward into the position 
shown by the dotted lines. On the next down movement, 
dog C trips latch A and releases the clutch. 

The mechanism by which dog C is pushed outward is 
clearly shown in the illustration. The pressure exerted by 
the spring F is just sufficient to overcome the friction of 
the moving parts and the weight of dog C. Thus the pres- 
sure of the finger H on the small punch is not great enough 
to deflect the punch. The direction in which the spring 
pressure acts is indicated by the arrows. 

The cam E is used to  operate dog C in preference t o  a 
direct connection with the levers, because any jamming 
effect on the dog will not be transmitted through the levers 
to the small punch. Finger H is backed up by a spring I, 
and moves up and down the punch, the knob G striking a 
depression in the stripper plate. The movements are 80 

timed that finger H does not touch the strip stock. It is 
evident that the basic principles here described can be em- 
ploycd In a great variety of lever arrangements that may 
be designed to suit different conditions. 

Automatic Brake Mechanisms.-To safely hoist, hold, 
and lower a load, hoisting machinery is usually equipped 
with so-called safety, automatic, or retaining brakes. These 
brakes permit a load to be lifted freely by the motor, and 
lock the brake by the gravity action of the load as  soon as 
the lifting torque of the motor ceases to act in the hoisting 
direction. The load is retained by the brake in any posi- 
tion, and only when the motor runs in the lowering direc- 

tion is the acting power of the brake diminished, allowing 
the load to descend. The speed a t  which the load drops is 
regulated and determined by the lowering speed of the 
motor, while the brake, in the meantime, absorbs by friction 
the greater part  of the potential energy of the dropping 
load, and generates heat in the brake. 

Fig. 14 represents what is known as  the Weston brake, 
which is the typical form of a very large class of automatic 
brakes used on hand and electric cranes to control the load. 
A pinion A mounted loosely on the shaft has formed on one 
hub a spiral surface normal to the shaft, and on the op- 
posite end a faced surface to present to the friction disks e. 
A collar D, fast on the shaft, has a spiral surface which 
engages that of the pinion hub, and is backed up by a split 
washer or other device to resist end-pressure along the 
shaft. A flange B, loose on the shaft, has a faced surface 
similar to that on pinion A, and carries a ratchet to engage 
with a pawl C. A series of friction disks e is placed be- 
tween the faced surfaces on A and B in such a manner that 
the disks in contact with A and B are keyed by sliding 
feathers to B and A, respectively, as shown a t  X and Y. 

This gives each disk a motion opposite to that of its 
neighboring surfaces, and each two surfaces in contact hav- 
ing opposite directions of rotation form one friction surface 
of the brake. Thus the brake shown has five friction sur- 
faces and four washers or disks. These disks are made of 
various materials; alternate disks of steel and brass, or 
steel and fiber are  frequently used, and also polished saw 
steel for all the disks. The shaft revolves in the direction 
of the arrow on the right to  hoist, and with the arrow on 
the left to lower; ratchet teeth are formed to permit the 
rotation of the flange B when hoisting, and prevent i t  when 
lowering; pawl C is counterweighted to throw i t  into en- 
gagement with the ratchet; flange B is backed against a 
shoulder on the shaft, so that all the end-thrust is taken by 
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the  shaft between this shoulder and the split collar E, and 
the  brake is self-contained. 

Action of the Weston Type of Automatic Brake.-The ac- 
tion of this brake is a s  follows: Suppose a load acts on the 
pinion A (Fig. 14) tending to  revolve i t  in the direction 
of the left-hand arrow, and the shaft begins t o  turn  in the 
direction of the right-hand arrow. D being fast  on the 
shaft  will revolve opposite to A, which will cause the spirals 
to slip or bind slightly and thrust A toward B, thus clamp- 
ing the disks e between A and B, the end-thrust of D and B 
being taken by the shoulders on the shaft. In this manner 

Fk. 14. Weston Typs of Automatlo Brrkr for Use wlth Xolnttn# Machinmr~ 

the whole mechanism consisting of D, A, e, and B is  locked 
solidly together, and is  made fast  upon the shaft ;  thus the 
pinion A is driven and the load raised. 

To lower, the shaft  is turned in the direction of the left- 
hand arrow, carrying D with it, and since A (a t  the  begin- 
ning) i s  clamped tightly to B through the disks e, and B is 
prevented from rotating by the pawl C, D is given motion 
relative to  A in the direction of releasing the spirals, and 
hence the thrust upon A. As soon a s  this thrust i s  relieved, 
A turns freely in the direction of the left-hand arrow under 
the influence of the load, and, overhauling the shaft  with i ts  
collar D, brings the spirals again into contact, reestablish- 

ing the locked condition and holding the  load suspended. A 
further motion of the shaft  results in  a repetition of this 
cycle, and the act of lowering the load consists of an in- 
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finite number of such repetitions in a unit of time, the mo- 
tion of the load resulting from each cycle being infinitesimal, 
thus making the motion of the descending load uniform. 

Special Type of Weston Brake.- Another type of Weston 
brake, embodying exactly the same principle as that shown 
in Fig. 14, is shown in Fig. 16. The ratchet is free to re- 
volve when hoisting, but is held by two silent pawls from 
turning in the lowering direction. The friction nut is 
geared to the motor and the retaining shaft with gear 
pinion leads to the hoisting drum. The retaining shaft 
and friction nut are threaded either right- or left-hand, 
according to the hoisting direction. The friction flange is 
keyed to the retaining shaft and mates with the friction nut 
by means of three jaws which have about 15 degrees angu- 
lar play. The friction flange drives the pinion direct 
through tongued and grooved projections between the pin- 
ion and flange. Any tendency of the load to revolve the 
retaining shaft when the motor is a t  rest causes the friction 
flange with friction disk to be pressed against the ratchet 
wheel and the thrust washer of the nut, due to the action 
of the threads. The friction of this washer against the 
ratchet wheel, which, as  already explained, does not turn 
in the lowering direction, is sufficient to hold the load. Upon 
starting the motor to lower, i t  turns the friction nut and 
relieves a certain amount of pressure on the washers, until 
the pressure is overcome so far  as  to permit the load to 
revolve the friction flange in unison with the speed of 
friction nut, or motor. In hoisting, the jaws of the friction 
nut and flange engage, thus relieving the brake of all 
friction. 

CHAPTER VI 

OVERLOAD RELIEF MECHANISMS AND 
AUTOMATIC SAFEGUARDS 

Certain types of machines or other forms of mechanical 
apparatus are likely to be subjected t o  excessive overloads 
resulting possibly in breakage of one o r  more parts unless 
provision is made to prevent, automatically, any dangerous 
overloading. These overloads are due to some abnormal 
operating condition and the function of'the relief or release 
mechanism is to automatically disconnect the machine or  
driven member from the Pource of power, thus safeguard- 
ing it against excessive strains and serious damage. These 
overload relief mechanisms may be classed as a form of 
tripping or stop mechanism designed especially to safe- 
guard a machine or its parts against excessive strains and 
breakage. 

Automatic Overload Release for Worm-Gear Drive.- 
A machine for cutting coal in mining is subjected to  such 
strains, jerks, and shocks that some overload protection is 
essential. A cast-iron safety washer which has been ap- 
plied on mining machinery for many years has certain dis- 
advantages which have been overcome by the improved 
overload release to be described. The safety washer i s  used 
in conjunction with a worm-gear drive, as  shown by the 
left-hand sketch, Fig. 1. This washer is placed over the 
worm and is held by a nut and a short section of pipe. The 
idea is to  make this washer strong enough to hold the worm 
in place under normal loads. If the load is excessive, how- 
ever, the thrust of the worm will break the washer, thus 
releasing the worm from its driving key. 

An overload release designed to eliminate certain dis- 
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advantages of the safety washer is shown by the sketch 
a t  the right of the illustration. The worm is  held in the 
running position by the coil spring A, the tension of which 
may be adjusted by nut B on the worm-shaft. A jaw 

RE, 1. (Left) Cut-iron Ikfety W6shm Eel-; (Bkht) Improd 
Type of Overload Beleue 

clutch C is used instead of a driving key, and the extended 
worm-shaft has an outer bearing a t  D. 

The action of the mechanism is as follows: During nor- 
mal load, the parts are in the relative positions shown. If 
there is an overload, the worm thrust compresses spring A 
so that clutch C is disengaged. This axial movement of the 
worm is transmitted through ring E and rods F to plate G, 

causing the small coil spring a t  H to swing clutch handle J 
from position A' to L, which locks the worm in the out or  
disengaged position. To reset, lever J is simply returned 
to i ts  former place, which permits the driving and driven 
parts of clutch C to  come into engagement. 

It is important to  have the ball thrust bearing M be- 
tween spring A and nut B, because when the clutch is in 
the disengaged position, the  worm-shaft and nut must 
necessarily continue to  turn, while the worm is idle. The 
teeth of clutch C should be rounded a t  the edges t o  prevent 
damage a t  the moment of disengagement under load. 

This mechanism is quick and positive, and can be applied 
to various other drives, especially when a machine is likely 
to encounter some obstruction due t o  careless adjustment 
or operation. It can be utilized to provide overload pro- 
tection when a machine is running in one direction but not 
in the other. For  example, many machines are geared for 
a higher speed during the return stroke, and overload pro- 
tection is  desirable for this reversal or backward movement. 
Various other applications will be apparent to designers. 
It is obvious tha t  every machine subject to overload should 
have its safety device, for the same reason that  motors need 
fuses and circuit-breakers. 

Worm-Gear Equipped with Friction Drive that Prevents 
Overload.-A friction release is incorporated in the  worm- 
gear shown in Fig. 2. This gear was designed for use in 
a wrapping machine in which failure of any part  to func- 
tion would merely result in slippage of the drive gear. The 
same principle, however, has many applications in special 
and automatic machinery. 

Instead of making the gear from one piece, i t  is con- 
structed from three pieces, namely, a hub, a ring on which 
the teeth are  cut, and a friction disk. These are assembled, 
as shown a t  the  left, by six bolts. Originally helical sprinm 
were placed between the disk and the bolt heads, as shown 
a t  A, but in this particular application, i t  was found that 
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spring lock-washers were satisfactory if the studs were not 
screwed up too tight. The use of helical springs, however, 
is recommended when slippage must occur a t  any accurately 
specified stress. After the proper adjustment has been 
made, the bolts are restrained from turning by the wire B 
which passes through holes in the heads of the bolts. To 
insure concentricity, i t  is best to grind the surfaces as indi- 
cated a t  the right, allowing just enough clearance t o  offer 
a free-running fit. These units are then assembled, after 
which the teeth are cut just the same a s  in any regular gear. 

Before adopting this design, the gear was tested by 
means of a prony-brake mechanism, comprising a pinion 
drive, a brake-shoe, and an arm that worked in conjunc- 
tion with an ordinary weight scale. The precision with 
which the drive could be made to release was quite surpris- 
ing. A prony-brake mechanism is recommended for  ad- 
justing units for a given load that must be maintained 
closely. The hub and gear ring of the worm-gear are made 
of bronze, and the friction disk is made of steel. 

Another Overload Release of Friction Type for 
Gears or for Other Rotating Members.- The release clutch 
shown in Fig. 3 is of the friction type and has proved very 
satisfactory in protecting parts of machine drives against 
overloading. The device can be built directly into a spur 
or worm gear and requires no additional space; hence it 
can be easily incorporated in a drive where no provision 
was originally made for such a device. The clutch is of 
simple design and very economical to build, since standard 
gears requiring only a little extra machining can be used. 
The friction disks used are standard Ford parts, costing less 
than five cents each. 

Gear A is provided with six equally spaced holea B con- 
taining the pins C. These pins engage notches in the fric- 
tion disks E and act as drivers. Other disks F a re  pro- 
vided with lugs H which engage corresponding notches 
drilled in hub J. Disks E and F are free to alide on each 
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other. They are held tightly against the web of gear A 
by hub J and collar L, the required pressure being trans- 
mitted to the hub and collar by the springs M on the 
shoulder-screws N. With this arrangement, gear A,  pins 
C, and disks E comprise the driving member of the clutch, 

ma 8. OW Equlppsd with Matton Drive fm Btoppint the Dr(mn rh.lt 
when Exce~srve L o d ~  u e  Applied 

and disks F, hub J, springs M, screws N, and collar L, the 
driven member. 

Any excessive torque applied to the driven shaft will 
cause the friction disks to slide on each other, thus s t o p  
ping the rotation of the driven shaft until the excessive 
torque is removed. The magnitude of the torque trans- 

mitted is directly proportional t o  the total axial spring 
pressure applied on the clutch disks and their coefficient of 
sliding friction, and can be controlled by proper spring ad- 
justment. 

Overload Friction Release for a Large Gear Drive.- 
Each machine operating the large valves for filling and 
emptying the locks of a certain ship canal has embodied 
within the main spur gear an overload friction release. 

Fie. I .  Ovmrload Motlon Balewe wIth Adjustment for @XntroUn# Potnt of Release 

The object of this device is to prevent damage to the valve- 
lifting mechanism in case the valve gate should be sud- 
denly stopped by some obstruction. 

The main spur gear unit consists of a manganese bronze 
rim A (Fig. 4 ) ,  about 37 inches in diameter, with teeth 
cut on its outer face. The gear is free t o  rotate in a groove 
formed by the cast-steel casing B and the cover C, which 
are bolted rigidly together and keyed to  the gear-shaft D. 
In the casing is an internal brake-band E of east steel, 
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which has a n  asbestos lining secured to it with copper 
rivets. The band is pivoted t o  the casing by the pin F. 

A spring-actuated lever is provided t o  expand the brake- 
band and press it against the rim. Thus the torque is 
transmitted from the gear teeth through the brake-band 
to the casing and then to the shaft D to which the valve- 
operating drum is keyed. The spring mounting is adjust- 
able, so that the proper load can be applied to the lever 
and the load regulated to compensate fo r  wear on the band 
and rim. With this arrangement, the gear unit acts a s  a 
whole. However, should a log or other foreign material ob- 
struct the valve, slippage would occur between the bronze 
rim and the brake-band and thus prevent damage to the 
machine or valve. 

Pneumatic Overload Relief Mechanism for Automatically 
Disengaging Clutch at Remote Point.- A conveyor sys- 
tem is employed in a certain plant fo r  delivering gravel 
over a relatively long distance to a washing and screening 
machine. Too large a quantity of material fed into the 
machine is likely to cause damage ; to prevent this, an over- 
load relief mechanism is provided on the machine for stop- 
ping the conveyor, the power for which is applied a t  some 
distance from the point of delivery of the gravel. With 
this arrangement, the relief mechanism opens a valve in a 
compressed air  line when the machine is overloaded and 
delivers air to  a cylinder, the piston of which disengages 
the conveyor clutch. 

This mechanism is shown in Fig. 5 ;  the a i r  cylinder and 
conveyor clutch are omitted, as their design is generally 
known. The driving gear A, which rotates a t  a constant 
speed, transmits the required rotary movement to  the ma- 
chine through gears B and C and another gear (not shown). 
Gear C is secured by pin E t o  the hollow shaft D, supported 
in the stationary bearings G and H. Gear B is a running 
and sliding fit on this shaft, but when the machine i s  not 
overloaded, is caused to rotate with gear C by the bar F. 
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Balls secured to the ends of this bar engage corresponding 
ball sockets in gears B and C. 

Plunger J which operates the valve P ir, the compressed 
a i r  line Q when the machine is overloaded is a sliding fit 
inside of the hollow shaft. Plunger J contains a groove K 
which is engaged by the two fingers L. These fingers are 
pivoted in the collar M, which is pinned to  the hollow shaft. 
A t  the left-hand ends of fingers L are rollers N, which rest 
on the tapered hub of gear B. The fingers L, gear B, and 
plunger J are held normally in the position shown by the 
coil spring 0. The collar-nuts T provide the necessary ad- 
justment for setting the  tension of spring 0 to  hold gear B 
in the position indicated when the machine is not over- 
loaded. 

In operation, gear A rotates shaft D in the direction indi- 
cated by the arrow. When the  machine is running under a 
normal load, gear B maintains the axial position shown. 
However, if the load becomes excessive, the pressure against 
the ball ends of bar F will increase so that the bar will push 
gear B toward the right. As this movement occurs, the 
tapered hub of gear B opens fingers L, which causes plunger 
J to be forced toward the left and the button in valve P 
to  be depressed. 

In  this way, air  is admitted to the line Q leading to the 
clutch-operating cylinder, which causes the piston to dis- 
engage the clutch and stop the  conveyor. When the exces- 
sive load on the machine is relieved, gear B once more re- 
turns to the normal position shown, causing plunger J to 
move toward the right and close the air  valve. Springs 
provided on the a i r  cylinder then return the piston and thus 
re-engage the conveyor clutch. 

It should be mentioned that  a small hole is drilled in the 
a i r  cylinder head a t  the  pressure end to permit the a i r  to 
escape when the piston is  actuated by the springs. This 
allows the a i r  to leak out of the cylinder fast  enough to per- 
mit the springs to return the piston when the air  valve P 

is closed, but not so fast  that  full line-pressure will not 
operate the piston. This leak hole has another important 
advantage in that  i t  prevents the  operation of the clutch 
cylinder through leakage which might occur in the valve P. 

Overload Relief for Oscillating Lever.-A release mech- 
anism tha t  was designed for  a feed slide subject to jam- 

I 
Fir. 8. Arrm.sment for Automrtio.lly Di8snrrrinr r Drivlny Leva from it. B W t  whom tho 

Losd Become8 Excea8ivm 
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ming but that can also be applied to various types of move- 
ments is shown in Fig. 6. Oscillating shaft A transmits a 
reciprocating movement to link B connected to the feed 
slide (not shown) through the lever C. Lever C is a slip 
fit on the shaft, but is prevented from turning by a locking 
arrangement consisting of lever D, locking bar E, locking 
plate F secured to a projection on lever C, and spring G. 
At  the outer end of lever D, which is keyed to the shaft, 
is  pivoted the bar E. A tooth in this bar engages a notch 
in plate F and is held in this position by the spring G. 

Normally, the entire mechanism is locked together and 
rocks back and forth with the shaft. However, if link B 
becomes overloaded, lever C will stop oscillating and shaft 
A will merely turn in the hub bore of this lever. Lever D, 
being keyed to the shaft, will continue to oscillate and cause 
the tooth on bar E to ride out of the notch and slide along 
the now stationary plate F. The tooth will continue to 
slide back and forth along this plate and in and out of the 
notch until the overload on link B is removed. When this 
is done, the tooth will engage the notch and the entire mech- 
anism will once more function as a unit. An eccentric stud 
H is provided so that the angular position of lever C can 
be adjusted to vary the position of link B a t  the beginning 
and end of its stroke. 

Overload Slip Arrangement for Feed-Screw.-Theover- 
load slip mechanism, Fig. 7, is so designed as to allow for 
the application of varying loads. The slide A of this mech- 
anism is operated by means of a threaded sleeve or feed- 
screw B in the threaded hole C. The rod D passes through 
sleeve B and has a handwheel pinned to one end. The hub 
F: of the handwheel has a cam-shaped end which is in con- 
tact with a similar cam face on the end of sleeve B. The 
opposite end of rod D is threaded and fitted with lock-nuts 
F. When the handwheel is turned until the screw N comes 
in contact with button 0, any additional movement of the 
handwheel will cause the cam face on hub E to ride up on 

the cam surface on sleeve B, compressing the spring P. 
When the cam load reaches the high point, spring P causes 
rod D to return to its original position. Varying pressures 
from zero to  maximum can be obtained either by adjusting 
nuts F to vary the loading of spring P or by increasing or 
decreasing the angle on the cam faces of the handwheel hub 
and sleeve B. Both the spring pressure and the angle of 
the cam faces can, of course, be adjusted when this seems 
desirable. 

Fig. 7. Peed-nma Operated by Rrndwheel that O a s e s  to Tom the 
Feed-.mew when the Blido Meets Ob@huation or i s  Overloded 

Ratchet Feed with Automatic Overload Safety Stop.- 
A ratchet feed mechanism provided with a safety attach- 
ment that protects the mechanism from breakage in case 
the feed becomes jammed, and that also serves to stop the 
machine when this occurs is shown in Fig. 8. The attach- 
ment is so designed that the feed can be reengaged as soon 
as  the obstruction has been removed. Previous to the in- 
stallation of this attachment, a shear pin was used to pro- 
tect the feeding mechanism from breakage. The shear pin 
arrangement merely protected the feed mechanism and did 
not prevent the loss in production that resulted from op- 
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erating the machine while the feed was jammed; in addi- 
tion, it required the suspension of production while the 
shear pin was being replaced. 

Referring to the illustration, the feed-shaft A is given 
an intermittent rotary movement by means of the ratchet 
wheel B and the pawl C which is carried on lever D. Lever 

Fig. 8. Batohet Feed wlth Attaohmeat for Protaatirig H.abnhm .ad 
Btopplnr Yrchlne If Fsed Jrmr 

D receives its movement from lever E through the connect- 
ing-rod F. Lever E carries the swinging yoke G through 
which rod F passes. Rod F carries the spring H, which is 
compressed when the load on shaft A exceeds a prede- 
termined limit. Pawl C is connected to the plate I by the 
connecting-rod J. Plate I, which has a n  irregular-shaped 
hole, rests on pin K carried on lever E. Under normal con- 
ditions, connecting-rod J carries no load, merely riding be- 
tween levers D and E. 

The upper view of the illustration shows the mechanism 
in its normal operating position. The oscillating movement 
of lever E is transmitted to shaft A by pawl C, which is 
held in engagement with the ratchet wheel B by a spring 
(not shown). Should the movement of shaft A be pre- 
vented, the continued movement of lever E would simply 
result in compressing spring H, thus preventing the break- 
ing of parts. The forward movement of lever E carries 
pin K into the larger portion of the irregular hole, as indi- 
dicated in the lower view. On the return stroke of lever 
E, the pin K engages the shoulder a t  L on plate I ,  thua 
causing pawl C to  remain out of engagement with ratchet 
wheel B, and preventing further movement of shaft A, 
although the machine may not be stopped immediately. In 
this position, plate I extends beyond lever E sufficiently to 
push over the rod M far  enough to open the electric switch 
that controls the driving motor, and thus cause the machine 
to come to a stop. 

When plate I is lifted and disengaged from pin K, the 
machine is again ready to start, but if the resistance of 
shaft A is greater than the tension of spring H, the ma- 
chine will again be stopped on the first stroke of lever E. 
In the actual construction, two pairs of levers D and E are  
used, the mechanism being located between them. In order 
to show the mechanism more clearly, however, the outer 
levers have been omitted in the illustration. 
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Mechanism for Instantly Disengaging Clutch at Point 
of Overload.- Many mechanisms designed to disconnect 
the power drive to the machine when i t  becomes overloaded 
function only a t  one point in the operating cycle. With the 
mechanism shown in Fig. 9, however, the machine clutch 
through which power is transmitted t o  the slide is disen- 
gaged instantly, a t  the exact point in the slide movement 
at which the overload occurs. 

This arrangement is incorporated in a machine fo r  as- 
sembling metal caps on electric fuse plugs, a number of the 
plugs being capped simultaneously. The capping tool slide 
actually consists of two slides A and B, slide B being super- 
imposed upon slide A. Slide B carries the capping tools 
and is normally held in one position relative to the main 
slide A by means of a stiff coil spring E. If the tooI-carry- 
ing slide B meets with an obstruction, it telescopes into the 
main slide, actuating a latch H, through rod F, which causes 
a spring-operated hand-lever L to  shift and disengage the 
machine clutch. Although not shown here, a band brake 
operated by the same hand-lever prevents over-run of the 
machine members after the clutch is disengaged. Slide A 
is reciprocated in a dovetail guide in the  machine frame C 
by the oscillating lever D. This lever is actuated b y  an- 
other member of the machine (not shown). 

Rod F, together with stop-pin G, limits the telescoping 
movement of the slides, in addition to  tripping the pawl H 
when the  slide meets an obstruction. Pawl H is pivoted 
a t  the top of the main slide lug, and when swung upward 
engages latch J sliding in the guide K on the machine 
frame. The upper end of this latch, when the latter is 
raised by pawl H, serves to  disengage the clutch lever L 
from the stationary pin M in the machine frame. 

The coil spring N, secured to pin M, then forces the lever 
L toward the right, disengaging the machine clutch and 
applying the  band brake. All these movements take place 
a t  practically the same instant that  the  overload occurs, so 
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that no further movement of slide B results after  meeting 
the obstruction. Slide A is then moved t o  the left by hand 
and the obstruction removed, after which the machine is 
started by shifting lever L back to its original position. 

Disengagement of Feeding Mechanism when Pressure 
on Tool is Excessive.-The mechanism Fig. 10  is par t  of 
an "automatic" of the vertical type. The rods A and B 
carry dogs which engage stops on the f r a m e  of the machine 
and, under normal conditions, trip the advance and return 
feed movements respectively. The rapid-traverse motion, 
which retracts the tools quickly and can also be utilized to 
bring them forward rapidly to the point of cutting, i s  op- 
erated through gears C and D controlled by clutches. The 
advance feed for  cutting is through bevel gears E and 
change-gears connecting shafts F and G, the  worm H on 
the shaft G driving worm-wheel I. These two  trains of 
mechanism give the desired advancing and  retracting move- 
ments through connection with screw J. A feature of this 
feed is in providing means for automatically tripping i t  
whenever the pressure on the cutting tool becomes exces- 
sive. This is accomplished by providing a thrus t  bearing 
for the worm H which, through bellcrank K, is held in place 
by an  adjustable weight L. When the pressure is sufficient 
to  raise the weight, the mechanism operates to  t r ip  the 
latch M and engage the return motion the  same as  if the 
regular tripping point had been reached. 

Spring - Plunger Release Mechanism for Preventing 
Damage to Reciprocating Parts.-Mechanisms for  auto- 
matically preventing damage to reciprocating parts  are 
sometimes required when there is  the possibility of such 
an occurrence resulting from the jamming o r  overloading 
of the machine. A mechanism of th is  kind is shown in 
Fig. 11. The reciprocating movements of the par ts  t o  which 
this mechanism is applied a re  obtained by means of the 
lever A, which swings back and forth a s  indicated by ar- 
rows E. 
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Lever A is mounted on a shaft (not shown) which is 
operated by a cam-and-roll mechanism. At B is shown a 
connecting link, through the center of which passes a short 
shaft C by means of which the rocking action of the lever 
A is transmitted to a vertical reciprocating slide. This 
slide travels back and forth in the directions indicated by 
arrows D, being propelled through the medium of the con- 
necting-rod F ,  which is adjustable in the link B. Rod F 
operates in a vertical position instead of in the horizontal 
position shown in the illustration. This rod is securely 
locked in place by nut G, the adjustment being obtained by 
making a complete revolution of rod F, so that the cross- 
wise notch a t  H will be in the proper position to receive the 
locking plunger J. 

Ordinarily, the movement of lever A is imparted directly 
to shaft C. The safety unit is provided to prevent break- 
age in case the machine becomes jammed or overloaded. 
This safety device consists of the cast-iron housing K, which 
is free to pivot on stud L in lever A. Screw M holds spring 
N in place, so that the plunger J is forced into the notch 
H in rod F. Under normal operating conditions, the unit 
acta as a non-yielding driving block. In the case of an 
overload on shaft C, spring N yields sufficiently to permit 
plunger J to snap out of notch H, with the result that lever 
A and block K will reciprocate without imparting any mo- 
tion to rod F, thereby preventing the driven parts from 
being broken or damaged. 

When the obstruction is removed, plunger J automatic- 
ally springs back into notch H and the normal operation 
of the machine is resumed. The collar a t  P is provided to 
insure a positive driving movement for  rod F on the down 
stroke. Thus, the driving movement imparted to rod F i s  
interrupted only on the upward stroke. There is a pin- 
shaped end on screw Q that enters a keyway in plunger J 
and thereby preventa the latter member from turning in 
block K. 
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CHAPTER VII 

REVERSING MECHANISMS OF SPECIAL DESIGN 

Reversing mechanisms may be designed to act at a fixed 
point in the cycle of movements or to vary the point or time 
of reversal. A reversal of motion in some cases may also 
be accompanied by a change of velocity. This chapter 
deals with reversing mechanisms of the different types 
mentioned and includes only special designs not found in 
Chapter VI of Volume I (pages 161 to 197). 

Compact Reverse Mechanism of Rapid-Acting Parallel 
Worm Type.-In a certain type of can-seaming machine, 
the work is controlled by a mechanism having a continu- 
ous reciprocating movement. This mechanism provides a 
traverse movement of constant velocity. The reversals are  
positive and practically instantaneous. A compact design 
was essential in this instance, because the mechanism was 
used in making an  alteration to  a machine where the small 
space available made i t  impossible to use a long-throw cam. 
A nut and feed-screw provided with the usual dog-operated 
 evers sing mechanism was considered, but was rejected 
owing to the lost motion attending each reversal. 

The mechanism is mounted on the machine frame A, 
Fig. 1, and consists essentially of the two worms B and C 
and the follower-roll D. Both the worms have right-hand 
threads and are rotated a t  a constant velocity in opposite 
directions by means of gears E and F, mounted on their 
respective worm-shafts. These gears, in turn, are rotated 
by gear G on the shaft H, which is driven by another mem- 
ber of the machine. Follower-roll D is free t o  turn  on its 
bearings in cross-slide K, which moves laterally in the 
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slide J. Slide J is mounted on a dovetail guide on the ma- 
chine and transmits the required movement to the work. 
This slide is given a reversal of its movement a t  each end 
of its stroke through the action of cam lugs L and MI 
secured by screws to opposite ends of worms C and B, re- 
spectively. The roll is held in engagement with each worm 
by the insert N which rides along one side of stationary 
bar 0, depending upon which worm is engaged with the 
roll. Bar 0 is held in the stationary position by the top 
plate P, secured to the bearings of the worm-shafts. 

When the follower-roll has reached the position indicated, 
slide J is a t  the end of its right-hand stroke. It will be 
noted that insert N on the roll cross-slide has just passed 
the end of bar 0. Now as the worm continues to rotate, 
the cam lug L comes in contact with one flange of the roll 
and forces i t  over into engagement with the beginning of 
the thread on worm B, holding or locking i t  in this angular 
position until the worm thread has carried the left-hand end 
of the insert N past the right-hand end of bar 0. Worm B 
then reverses the movement of the follower with slide J, 
carrying it toward the left until, at the end of the stroke, 
cam M comes into contact with the other follower-roll 
flange, which forces the latter over into engagement with 
worm C. 

The roll is held in this position until its movement t+ 
ward the right carries insert N past the end of bar 0 ,  the 
bar preventing disengagement of the roll and worm during 
the remainder of the stroke. Thus worm C returns the 
roll and slide J to the position shown, where the reversal 
of the slide J is repeated. The reversals of slide J are 
effected rapidly and with absolutely no shock. The pres- 
sure between insert N and bar 0 is insignificant, owing to 
the relatively small angle of the worm thread. However, 
in order to insure a long life, as well as to increase the 
efficiency of the unit, both of these members are hardened 
and ground on their wearing surfaces. 

Mangle Gear Mechanism for Changing Direction of 
Rotation.-The mangle gearing mechanism shown in Fig. 2 
is designed to drive, from a continuously rotating shaft PI 
a shaft S a portion of a turn backward and forward. The 
pinion shaft P is driven through universal joints which 
permit it to move back and forth in the slot in guide B. To 

the shaft S is keyed a center plate to which is attached con- 
centrically the mangle gear proper, consisting of a ring of 
cast iron or steel fitted with a number of pins which act 
as gear teeth and which mesh with the teeth of a gear of 
the sprocket type. 

To the center plate is attached a reversing dog or guide D 
into which the end of the sprocket shaft passes, restricting 
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the movement of the sprocket, and causing it to move from 
one side of the pin ring to the other as the sprocket and 
ring rotate together. After the passage of the sprocket 
from one side of the ring to the other, the ring turns in the 
opposite direction; that is, its motion is reversed, but its 
velocity remains unchanged, except, of course, during the 
passage of the sprocket to the other side of the ring while 
it is  in contact with guide D. In passing through the guide, 
the end of the sprocket shaft travels from one end of the 

Fir. 8.  Rsvenlnn Meohaninm Bimflar t a  that Shown in Fig. I. 
but Deslsnad to  Produoa Vulcble  Velocity 

slot in the fixed bracket B to the other. The ends of the 
slot prevent the sprocket from being forced out of mesh 
with the pins. When the center plate has rotated through 
its full complement of a turn, the sprocket is again trans- 
ferred to  the side of the ring with which it was previously 
in mesh through the action of the opposite guide. Instead 
of rotating directly in the bracket B as a bearing, the shaft 
may rotate in a sliding block E, such as shown in the small 
cross-sectional view. 

Tn Fig. 3 is shown a variation of the type of mechanism 

just described. This design is arranged to vary the velocity 
of the driven shaft. The end of the pinion shaft may be 
fitted with a ball journal bearing. 

Mangle Gearing for Reversing Rotation of Shaft After 
One  Complete Turn.-The pin type of mangle gearing 
mechanism shown in Fig. 4 is designed to reverse the 
driven shaft after it has made a complete turn. With this 

Fir. 4. Pin Type of Xancle O u r l n c  k r w d  to B m n e  IMvu 
Bbrft d t s r  One Cornplate Turn 

mechanism, the driven shaft has a somewhat variable mc+ 
tion. The smaller the lead of the spiral in relation to the 
distances of the pins from the shaft center, the iess will 
be the velocity variation. Fig. 5 shows one arrangement 
for driving the pinion shaft b, Fig. 4, which provides for 
the required oscillation of the pinion or sprocket shaft. 
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It is obvious that an infinite number of velocity combina- 
tions are possible by varying the shape of the mangle gear 
shown in Fig. 4. The continuous groove G serves to keep 
the sprocket in mesh with the pins. The end of the pinion 
shaft b may either rotate directly in contact with the 
groove or it may bear against the groove side through a 
ball journal bearing attached to the shaft. 

Fb. 6. Typal of Drives h a y e d  to Permit Oaclllatlon of Drirln~ 
Bhnfts such u the One Shown at b. Pis.  4 

Perhaps the most common method of driving the pinion 
of a mechanism of this kind is by bevel gears, the bevel 
gear on the pinion shaft serving as a universal joint. This 
method has the objection, however, that owing to the oscil- 
lation of the shaft, the pinion occupies different angular 
positions, not only during the oscillation but when it is driv- 
ing. To allow for the change in the angle, the teeth of 
the pins must be barrel-shaped. Generally they are per- 
mitted to assume this shape through wear. The driving 

method shown in Fig. 5 is preferable t o  the bevel gear drive. 
Shaft - Reversing Mechanism Giving Higher Velocity 

in One  Direction.-When a shaft-reversing mechanism is 
required in which the velocity in one direction must or  can 
be greater than in the other, the driver and driven elements 
may be ordinary gears or gear segments, such a s  shown in 
Fig. 6. With this type of mangle gearing, the velocity of 

FIE. 6. Shaft-revarslns Meahrnimm that Oivm Hisher Velocity In 
One Dlrsotion 

the driven shaft is greater in the direction indicated by 
arrow a than in the direction b.  The velocity is uniform, 
however, in each direction. The pinion shaft in this case 
is guided wholly by a groove in the center plate, into which 
the end of the pinion shaft projects. 

In Fig. 7 is shown a double-edge rack segment-form 
mangle gear for obtaining reversal of the driven shaft. The 
round end c of the gear ring can be half of a pinion, having 
a boss or hub by which it is  located i n  a drilled hole in the 
plate. 
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Shockless Reversing Mechanism which Varies Point of 
Reversal.-Some mixing machines of the agitator type, em- 
ployed for mixing liquid or plastic materials, require a re- 
versing movement of the agitators; a t  the same time, how- 
ever, the point a t  which reversal occurs must advance uni- 
formly. These combined movements may be obtained by 
means of the mechanism shown in Fig. 8. 

Here the drive shaft D, rotating a t  a uniform speed, im- 
parts the required movement to the shaft G through the 
action of a combination planetary and eliiptical gear train. 
All three shafts D, L, and G rotate in stationary bearings, 
and owing to the ever changing radii of the elliptical geara 
a t  the tooth contact, an alternating accelerated and re- 
tarded movement is imparted to shaft L. This movement, 
in turn, is transmitted by spur gears J and K to the ring 
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gear A. Now assume that the elliptical gears B and C 
have rotated into the positions indicated in the end view 
a t  the right, and that the ratio of spur gears J and K and 
also the ratio (momentarily) of the elliptical gears is such 
tha t  the velocity of the centers of pinions E is one-half 
tha t  of the pitch line velocity of the ring gear. Then, ac- 
cording to  the principle of epicyclic gear trains, the pin- 
ions will  imply roll about and not rotate the spur gear H. 

Now if the shaft D rotates in the direction of the arrow, 
the ratio of the elliptical gears a t  the tooth contacts will 
gradually change so that  the movement of shaft L and ring 
gear A will be retarded. Therefore, as the pitch line velocity 
of the r ing gear decreases, the velocity of pinions E rela- 
tive to the  spider F will also decrease, and the lag of these 
pinions will cause the gear H and shaft G to rotate in the 
same direction as shaft D. This movement of shaft G will 
be accelerated until the elliptical gear B, whose engaging 
radius is gradually dimiriishing, has rotated through an 
angle of 90 degrees. At  this point the ratio of the elliptical 
gears is a t  its minimum and as  they continue to rotate, 
the  ratio increases. This has the effect, through the move- 
ment transmitted to the pinions, of retarding the angular 
movement of gear H and shaft G until the elliptical gear B 
has passed through another 90-degree angle. At this time, 
the  elliptical gears are once more (momentarily) in a posi- 
tion where the pinions roll about but do not rotate gear H; 
and, on further rotation of the elliptical gears, the velocity 
of the pinions will be gradually increased with respect t o  
spider F, thus reversing the angular movement of gear H 
and shaft  G. This movement of shaft G will be accelerated 
during a 90-degree movement of the elliptical gear B and 
then retarded through the next 90 degrees, a t  the end of 
which time the point of reversal has again been reached 
and the mechanism has passed through a complete cycle. 

The movement transmitted t o  the pinions during the 
first half revolution of the elliptical gears is slower than 

the movement transmitted during the  second half;  and 
since the velocity of these pinions governs t h e  amount of 
angular movement of shaft  G, then the angular movement 
of this shaft, in a counter-clockwise direction, is less than 
that in a clockwise direction. Therefore, the  point of re- 
versal of the shaft  G will vary or advance about the shaft 
center a n  amount equal to the difference in these two angu- 
lar movements. By varying the ratio of the spur gears J 
and K, the  advance of the reversal points may be increased 
or diminished to suit the requirements; o r  in case no varia- 
tion of the reversal point i s  required, the same procedure 
may be followed. This type of mechanism, owing to its 
retarding and accelerating movements, is particularly de- 
sirable where reversal must take place without shock. 

Oscillating Motion Converted to Variable Reversing 
Motion.- In a special electrical switch testing machine, an 
oscillating motion of one shaft  is converted t o  a reversing 
motion in another shaft, the latter alternating a t  each re- 
versal between the two speeds of 60 and 30 revolutions per 
minute. 

The shaft X (Fig. 9 ) ,  on which the segment gear A i s  
keyed, i s  the oscillating member. The shaft  T, to which 
the irregular motion is transferred, turns  in the machine 
bearings (not shown) and serves a s  a pivot f o r  the  a rm B. 
Gears 0 and PI located under this arm, are  keyed on shafts 
U and Y and are  connected by the three gears S, V, and G. 
The concentric grooves E and D, milled in the segment gear, 
are joined a t  both ends t o  form one continuous groove and 
serve as  a guide for the cam-roll C in the end of a rm B. 
Dogs R and N, which engage projection Q on the arm, are  
fastened securely to  the segment gear. Latches J and M 
swing on shoulder-screws, and normally bear against pins I 
and K, due to  the tension of the coil springs. 

In  the position shown in the illustration, the segment 
gear A i s  oscillating in the direction of the arrow, and the 
dog R, against lug Q, is about t o  swing the a rm B around 
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shaft  T. A further upward movement of dog R will throw 
gear 0 out of engagement with the segment gear. How- 
ever, just before the teeth of gear 0 have become disen- 
gaged, a partial engagement of the teeth in gear P and 
segment A takes place. While gears 0 and P are  being 
shifted, roller C swings up to the beginning of the groove 

08CILLATCS THROVPH AN 
ANOLE INCLUDIND 88 TEETH 

AT 10 8TROKCS PCR MINUTE 

Fk. 8. l l s c h r n f m  for Convartlnr Onoillrtfnr Motion Into Xsreratn. Xotton 

E. When the roll reaches this position, the oscillating seg- 
ment A has come to  the end of i ts  upward stroke and is 
about t o  return. The latch M closes the end grooves and 
prevents the roll from dropping back to groove D when the 
segment reverses. 

The roll now follows groove E and serves to  hold gear 
P in mesh with segment A until dog N comes in contact 
with the lug 9. This disengages gear P, after which gear 

0 is engaged with segment A again. I n  the meantime, roll 
C has forced latch J to one side and is swung down t o  the 
end of groove D, being prevented from coming out of this 
groove by the return of latch J. The 2011, running in groove 
D, serves to hold gear 0 in mesh during the return stroke 
of the segment. This completes one cycle of the  movements. 

Because of the difference in the number of teeth between 
gears 0 and P, as noted in the illustration, and the arrange- 
ment of the gear train, the uniform oscillation of segment 
'2  will result in one clockwise revolution of shaft T for 
every up stroke of the segment, while t h e  down stroke will 
result in two counter-clockwise revolutions of the shaft. 
With some slight modifications in the design, shaft T may 
be made to revolve a t  varying speeds other than described 
and in the  same direction instead of reversing. This may 
be done by varying the number of teeth in the gears and 
adding a n  idler between any two of the gears S, V, or G. 

Mechanism for Reversing Tap Spindles in Drill Head.- 
When more than one tap is used in a drill head, the problem 
of reversing the  taps is often simplified by having one tap- 
ping spindle drive on the "in feed" and another spindle 
drive on the "return feed." The arrangement of the gear- 
ing for such a drive is shown diagrammatically in Fig. 10. 
In this case, the  large drill head carries a number of drilling 
spindles (not shown in the illustration), in addition t o  the 
four tapping spindles, A, B, C, and D. 

The drill head slides up and down on column E, being 
kept in alignment by an external projection that  slides in a 
vertical track. The drive is  obtained f rom a vertical shaft 
F a t  the end of which is keyed the  pinion G. This pinion 
is in mesh with the gear H which drives the  drilling and 
tapping spindles. The drive for the drill spindles is  very 
simple and is not shown in the illustration. The drive for 
the tapping spindles begins with the clutch shaft I, which 
is driven from the gear H through the pinion J. The 
shaft I carries a sawtooth double clutch K which can be 
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engaged with either the upper member L or the lower 
member M. 

When the downward feed of the head begins, an arrange- 
ment of levers similar to the belt-03erating mechanism on a 
planer causes the clutch K to engage the upper member L. 
The drive to the tapping spindles is then through the idler 

PI#. 10. Bbvsnlq Yeohanlam for Tap. Usad in Xulttgle-aptndle Drill H u d  

gear N, which is mounted on the top plate 0, and thence 
to the gear P on the top of the tapping spindle B. The 
tapping spindle is then revolved in the direction required for 
tapping. The other three spindles A, C, and D are driven 
in the same direction through the idler gears R which are 
mounted on the bottom of the gear-case Q, 

As soon as the head begins to travel upward, the clutch K 
comes into engagement with the lower clutch member M 
and drives directly through gear S, which is fastened to  the 
bottom of the tapping spindle C, revolving it, together with 
the other spindles, in the opposite direction. The full-line 
arrow-heads show the direction in which the meshing gears 
revolve when tapping, while the dotted arrows indicate the 
direction in which the gears revolve when the spindles are 
reversed on the "out feed." 

Rotary Reversing Mechanism for Varying Angular 
Movement and Dwell of Driven Shaft.- Wire -forming 
machines of the four-slide type usually have various in- 
genious mechanical movements incorporated in their design 
that are applicable to machines used for other purposes. 
For example, in one four-slide, wire-forming machine, 
there is a reversing movement for a feed-slide shaft that 
has unusual features. This mechanism is designed to give 
the driven shaft a short dwell a t  each point of reversal. 
Besides, provision is made for varying the angular move- 
ment of the driven shaft without altering the dwell. The 
movements are  transmitted from another shaft which oscil- 
lates continuously a t  a constant angular velocity. 

On the oscillating driving shaft (not shown) is an arm 
to which is connected the link A, Fig. 11. This link, in turn, 
is pivoted to the sector or segment B. Sector B is f ree to 
oscillate on the stationary stud C and is provided with a 
sliding gear sector F which meshes with the driven gear G. 
Sector B is also provided with adjustable split stops D and 
E. These stops are used for regulating the angular move- 
ment and the dwell of the driven shaft H, to which gear G 
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is keyed. The stops are  clamped in place by bolts on the 
dovetailed periphery of the sector B. 

An important part of the mechanism is a friction stop 
o r  brake on shaft H, which is necessary to prevent over-run 
of this shaft  a t  the point of reversal. The brake arrange- 
ment, however, being of simple and well known design, is 
not illustrated. 

L I 

Fir  11 MecIunEsm for Impartint R o w  Oaclllatinr Movement to 8haft R, whioh 
berkitm Varying Angulu Xooement and the Lencth of Dwell .t Ebch Rererad 

When the machine is in operation, the sector B is oscil- 
lated by link A a t  a constant angular velocity. In  the posi- 
tion shown, the sector has moved toward the right to  its 
central point, rotating gear G in a counter-clockwise direc- 
tion. This motion continues until the sector has reached 
i ts  farthest position at the right. The sector then reverses 
i ts  movement and the rack F and gear G remain stationary 
until the end of the rack comes into contact with the stop E. 
A t  this time, continued movement of the sector toward the 

left will carry the rack segment toward the left, rotating 
gear G in the opposite direction. The rotary movement of 
this gear continues until the sector comes to the end of its 
movement toward the left. Now as the  sector once more 
moves toward the right, gear G dwells until stop D comes 
in contact with the sliding gear segment. Thus, gear G 
and shaft H are  given a rotary reciprocating motion with 
a short dwell a t  each point of reversal. Owing to the dif- 
ferent kinds of jobs adapted to this machine, a variation 
in the angular movement of shaft H is frequently required, 
the dwelling period remaining constant. This is obtained 
by the combined adjustment of the link and the stops. The 
extent, however, to  which the angular movement can be 
increased is limited by the length of the  sliding gear seg- 
ment. 

Suppose, fo r  example, a greater angular movement of 
the shaft were required. In this case, the stud K would be 
adjusted to a lower point and stops D and E would be moved 
farther apart  to avoid reducing the time periods of the 
dwells. In making these adjustments, a few trials are 
usually necessary in order to  obtain the  proper positions 
of stud K and the stops. Obviously, the same arrangement 
can be used t o  reduce or increase the dwell within certain 
limits, the angular movement of the driven gear remaining 
the same. 
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CHAPTER VIII 

DRIVES OF THE CRANK TYPE FOR RECIPROCATING 
DRIVEN MEMBERS 

The special designs of crank mechanisms described in 
this chapter are for transmitting motion to slides or other 
parts having a reciprocating action. These drives may be 
arranged to produce some special movement, such, for 
example, as arresting the motion of the slide momentarily 
during some part of the stroke or providing a quick return 
movement to reduce the idle period; or the design may be 
special in that provision is made for adjusting either the 
length or position of the stroke while the machine is o p  
erating. 

Crank Motion that Causes Slide t o  Dwell a t  Center 
of Stroke.-The crank mechanism Fig. 1 is incorporated 
in a certain carton wrapping machine for changing the 
position of the carton as i t  passes through the machine. 
This mechanism imparts a reciprocating movement to the 
work-slide A, with a dwell a t  the center of its stroke in 
each direction. The slide is reciprocated in the stationary 
guide D through link B by the crank E. This crank is a 
free fit on shaft F, but rotates with F whenever spring- 
actuated plunger H engages one of the notches cut in the 
flange on the crank. A pin J in the plunger projects 
through and below arm G. When this pin engages the cam- 
block K, which is secured to the machine frame, the pin 
and the plunger are moved radially outward. This causes 
the plunger to disengage the notch and allows the crank 
and slide to dwell while the shaft continues to rotate. 

The shaft and arm G are rotated in the direction indi- 
cated by the arrow. In the position shown, pin J has en- 
gaged cam-block K and has withdrawn the plunger from 

the notch L. At this time, the slide is a t  the center of its 
stroke; and since the plunger is all tha t  locks the crank E 
to the shaft, the shaft will turn in the bore of the crank 
hub and allow the crank and slide to dwell. A spring-actu- 
ated V-plunger is provided a t  N to hold the slide securely 
in the "dwell" position. 

As the shaft and arm continue to rotate, pin J leaves 
cam-block K and allows the end of the plunger to ride on 

the periphery of the crank flange until it drops into notch 
M. When this occurs, the crank is once more locked to  the 
shaft so that continued rotation of the shaft will cause the 
slide to move toward the left and return to  the position 
shown. At  this time, the center line of the crank will 
coincide with center line 0 and cam-block K will have 
forced pin J outward, thus disengaging the plunger from 
its notch and allowing the crank and slide to dwell. 

The withdrawn plunger then rides along the periphery 
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of the crank flange until i t  drops into notch L and locks 
the arm to the crank again. The rotating arm now rotates 
the crank, causing the slide to move this time toward the 
right and then back to the  position shown. At  this point, 
the cam-block once more disengages plunger II .  This com- 
pletes one cycle of movements, which is repeated for each 
revolution of shaft F. 

It will be noted that  the angular movement of the crank 
is different for each half of the slide cycle, owing to  the 
angular position of the connecting-rod B. This results in 
a variation of the time interval for each succeeding dwell 
and stroke. Fortunately, however, this variation is per- 
missible. In other applications, where the dwell and stroke 
must have the same time interval, the well-known Scotch 
yoke crank movement could be used instead of the crank 
and connecting-rod shown. In this case, the notches would 
be located in the flange diametrically opposite each other. 

Planetary Type of Crank Motion for Obtaining Dwell.- 
In attempting to bend a stranded copper cable into a 
U-shape by means of a kind of wing die, i t  was found, while 
experimenting with a punch press, that a distinct stop or  
dwell was required a t  a certain point in the bending stroke 
to permit the copper to set. If the dwell was omitted, a 
springing back of the metal occurred, resulting in varia- 
tions in the form of the bent section. This dwell had to 
take place before the end of the stroke, because the latter 
part of the stroke was utilized to eject the formed piece. 

A special machine was designed t o  actuate the  slide from 
which the bending die receives its motion. This operating 
slide also requires a dwell a t  the top of the stroke to  allow 
time for inserting unbent parts into the die, so tha t  the 
machine can be operated continuously instead of using a 
single-stroke clutch and tripping device. The planetary 
type of crank motion used causes a crankpin t o  follow, dur- 
ing the dwelling periods, an  arc having a radius equal a p  
proximately to the length of the connecting-rod, so that  the  

crank end swings without transmitting motion. Fig. 2 
shows the general arrangement. 

The housing A contains shaft  C, which is  driven through 
worm-gearing ~ n d  carries a crank disk D. An internal 
gear H having 120 teeth is  bolted to housing A and meshes 
with a 24-tooth planetary pinion J attached t o  the eccentric 
crankpin E; consequently, when crank disk D revolves, 

Pic. P. P h n e t y  Type of Crrnlr Hotlon tor Obtrlnln~ Dwell of Bend- DJc 
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pinion J and the crankpin revolve around their own axis 
and also around shaft C. These combined rotary move- 
ments modify the motion imparted to slide G and cause the 
axis of the pin E, to which connecting-rod F is attached, 

Fls. 8. Path Followed by Eooentrlo Crankpin, m d  Chart Ihorln# DwdU Pulodn 

to  follow the path indicated by the heavy line d, Fig. 3. 
The curve in the upper rightchand corner of Fig. 3 illus- 

trates how the action of the driven slide is changed during 
one complete cycle. The cycle begins at  a point represent- 

ing the top of the stroke of the slide. The vertical dimen- 
sions on the chart represent the stroke, in inches, and the 
horizontal dimensions, the time in seconds. One revolution 
is represented as 3 seconds, because the machine is designed 
to run about 20 revolutions per minute. 

The relative positions of the internal gear H and the 
pinion J (Fig. 2) are indicated in Fig. 3 by dot-and-dash 
pitch circles H ,  and J1.  The radius of the eccentric crank 
E is considerably less than the pitch radius of the pinion, 
which causes the axis of the eccentric crankpin to describe 
a five-lobed curve d. The dwell of the  driven slide at the 
top of the stroke occurs between points a and b on the 
chart and during about 6/10 of a second. This dwell is due 
to the fact that  the length of the connecting-rod equals the 
radius of an arc  which approximates that  part of the crank- 
pin path from e to f .  As the lower end of the crankpin 
swings from e to f it transmits only a slight movement, and 
there would be none a t  all if this portion of curve d were 
a perfect arc with a radius equal to the connecting-rod 
center-to-center length. I t  is the dwell a t  this point that 
is utilized for  removing the work and inserting unbent 
blanks. 

The pause during the down stroke t o  allow the metal to 
set after bending occurs between points g and h where the 
curve d is practically tangent to the a r c  of the connecting- 
rod. This pause or dwell is represented on the chart at  c, 
and at this time, the upper end of the connecting-rod is at  k. 
An unnecessary dwell is made during the return stroke 
between points m and n, which correspond to g and h, but 
this slight delay in the upward movement does not affect 
the practical working of the mechanism. The entire device 
is located under a table about 2 feet square, which indicates 
that it is quite compact. 

Oscillating Crank-and - Toggle Mechanism for Rapid 
Reciprocation of Slide.-In a metal ribbon crimping ma- 
chine, four complete cycles of a slide a re  obtained from an 
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oscillating arm as the latter passes through one cycle. This 
arrangement, which is shown in Fig. 4, has the advantage 
of simplicity of design and an unusually smooth action. The 
slide A that controls the crimping tools is mounted in guides 
B, cast integral with the machine frame C. Arm D is the 
driving member and is keyed to the shaft El which oscil- 
lates a t  a constant angular velocity. This arm transmits 
I 1 

the movement to the slide through a toggle arrangement 
consisti~g of links F ,  GI and H. Link F is pivoted at its 
upper end to arm D by pin J, and a t  i ts  lower end to links 
G and H bjr pin K .  The outer end of link G is pivoted to 
the slide, and the outer end of link H is pivoted t o  the 
shoulder screw L in the machine frame. 

Three positions of the arm and links are shown. At 
Position 1, the toggle links GI F, and H are a t  their highest 
points; hence, slide A has been drawn to its farthest point 
at  the right. As the arm swings downward to  Position 2, 
these links assume a horizontal position, causing the slide 
to move to its farthest position a t  the left. The arm then 
continues its movement until it arrives a t  Position 3, where 
link F has forced the toggle links down to  their lowest posi- 
tion, causing the slide to he carried back to the position 
indicated. Thus, during this onequarter cycle of the arm, 
slide A has passed through a complete cycle. Consequently, 
as a repetition of these slide movements occurs during each 
quarter cycle of the arm, the slide will complete four cycles 
for each cycle of the arm D. An added advantage of this tog- 
gle arrangement is the unusually high working pressure that 
is delivered a t  the end of the stroke toward the left a t  the 
point where the pressure is needed most. 

Auxiliary Crank that Assists Crankpin Past its Dead 
Center.- One method of overcoming the dead center condi- 
tion in transmitting rotary movement to a shaft by means 
of a crank is shown in Fig. 5. Two of the outstanding ad- 
vantages of this drive are its positive action and i t s  low 
cost. The driven crank is actuated by a similar crank 
keyed to the driving shaft. By incorporating an auxiliary 
or "dummy" crank, the driven crankpin not only is helped 
past its dead center positions, but the angular velocity of 
the driving and driven shafts is held constant. In addi- 
tion to this, the torque transmitted to  the driven shaft  is 
uniform a t  i ts various angular positions. 

The shaft-to-pin center distance is the same for all three 
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cranks. The driving crank is indicated at A, the driven 
crank a t  B, and the "dummy" crank at C. I t  is important 
to note that the connecting-rod is of solid construction and 
connects all three crankpins. With this arrangement, the 
position of all three cranks is the same at any part of the 
machine cycle. 

In the full outline, the cranks and connecting-rod are 
approaching the dead center position. When they reach 

Fir. 6. Arrrn~ement for Prsrsntlw h a k p l n  from belug Btoppd 
on Dead Center 

this position, they will coincide with the dot-and-dash out- 
line. Here it is obvious that the crankpin in the "dummy" 
crank has passed its dead center and can continue its move- 
ment unrestricted. Now, owing to the rotary action of 
crank A, crank C will swing downward, and as a result, 
crank B will be forced past its dead center. The same 
action occurs in reverse order when Crank C is on its dead 
center relative to crank A. That is, crank B, having passed 
its dead center, will serve to force crank C past its dead 
center position. Incidentally, the location of crank C can 
be varied to suit existing conditions, although it should not 

be located too close to a straight line passing through the 
driving and driven shafts. 

Auxiliary Crank for Quick Return Movement.- The 
cam-operated turret-feed mechanism of an automatic screw 
machine is shown in Fig. 6. The advance feed is obtained 
by the cam A operating through the segment lever B to 
feed the turret-slide C. The return motion is accelerated 
by the revolution of the crank D which brings the turret 

Fig. 6. Turret Slide is  Wlthdrnwn Quiokly when 
Crmk D Rotates 

back quickly, a distance equal to  the throw of the crank. 
In the operation of a machine for high-speed work, it 

becomes important, both in securing the desired speed and 
in avoiding objectionable shocks, to move and reverse the 
lightest parts. For this reason, machines having turrets 
of the "revolver" or "barrel" type, in which each spindle 
can be fed independently, are especially adapted to high- 
speed work. In such machines, each tool carrier is con- 
nected successively with a reciprocating feed slide, and 
only the feed slide with one of the tool carriers connected 
with i t  requires to be reciprocated for the feed and return 
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movements. In  order to "speed up" this type of machine 
still further, the use of an auxiliary slide has been resorted 
to. This auxiliary slide alone is moved during tha t  part  
of the quick-return movement required to retract each tool, 
and even this slide is disconnected for the remainder of the  
return movement, thus avoiding the shock which would re- 
sult from rapid movement of the slide. 

Fig. 7 shows an  application of such an auxiliary slide 
with its disconnecting means. The turret A carries a series 
of tool spindles which are successively indexed to come into 
operative positions and be engaged by the block B. A main 

PI#. 7. Anrtha Application of 1 Crmnk Yotion for 
Obtdnln# 4ulok Eeturn 

slide C, on which is an auxiliary slide D, is mounted on the 
bed of the machine. A crank E which is also on the main 
slide is connected to the auxiliary slide by the two-part 
connecting-rod F, one end of which is connected with the 
main slide and the other with the auxiliary slide. A latch 
a t  G holds these two parts together except during the  quick- 
return motion which is obtained by revolving the crank 
disk E; then the latch is disengaged by passing over the 
cam H, which thus breaks the connection with the auxiliary 
or supplemental slide for the remainder of the crank throw 
and gives the quick-return movement and the quick-advance 
movement up to the point of cutting. 

Rapid Return Movement Obta ined  by Roller Clutch 
and Crank Arrangement.-In designing machinery, it is 
frequently possible to make use of a roller friction clutch 
for reducing the time consumed during the  idle pa r t  of the  
production cycle. This application is exemplified by t h e  
simple crank motion of the Scotch yoke type shown in 
Fig. 8. It is employed for actuating a slow-moving slide 
in a machine for forming plastic materials. 

The slide indicated a t  A is reciprocated vertically. The 
crank is composed of the core B, integral with drive shaf t  
C; the member D, which is bored t o  provide a running fit 
for the core; and the rollers E. The  roller F on the stud 
that is secured in the projection on member D serves as the  
crankpin and engages a slot extending across the slide. A s  
the crank rotates in the direction of the arrow, the slide is  
given its upward or  working stroke, the movement being 
comparatively slow. During this stroke, the weight of the  
slide causes the rollers E to  grip both the core and the  mem- 
ber D tightly, so that  both members rotate positively to- 
gether. When the roll F has passed the center line G, t h e  
weight of the slide, which has caused the  rolls t o  wedge 
tightly on the upward stroke, releases the gripping pres- 
sure of the rolls between the core and  member D and  allows 
the latter t o  rotate one-half revolution, returning the  slide 
to i ts  lowest position a t  a relatively higher velocity. 

The downward stroke is the idle one, and i t s  velocity i n  
this particular case is unimportant in so f a r  as the  timing 
of the slide movements is concerned. This condition made 
i t  possible to use this crank. At t h e  bottom of the  stroke, 
the rolls E once more pick up the motion and  move the  slide 
upward a t  the slow speed required fo r  the operation. It is 
estimated tha t  with this design, a n  approximate gain of 
30 per cent in production time is obtained over the  t ime 
that  would be required if a crank of the  solid type were 
used. 
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Quick-Return Crank Motion with Adiustment for Varying 
Velocity of Stroke.-Slotting machines, as a rule, are pro- 
vided with some means of varying the cutting speed t o  suit 
the different materials to  be machined. However, in  re- 
ducing the cutting speed, the production is  also reduced a 
corresponding amount, because the velocity of the entire 
cycle of the machine is slowed up. This objection was over- 
come in the case of one slotting machine by using a crank 

Fig. 9. Qulok.ratura Crank Motion Mwhanhm with M a a s  fm 
Vuylng Velocity of Btroka 

motion for  actuating the slotting ram, the  principle of this 
motion being shown in Figs. 9 and 10. With this arrsnge- 
ment, the velocity of the working stroke can be varied 
within certain limits without changing the  time taken for 
the ram t o  pass through its cycle. Therefore, varying the 
cutting speed of the tool in this way does not change the 
rate of production, because, a s  explained later, the loss in 
velocity during the  working stroke is  compensated f o r  by 
increasing the velocity of the return stroke. 

The crank mechanism consists chiefly of the a r m  A, 
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Fig. 9, keyed to driving shaft B; the jack-shaft C, keyed to 
the arm D in which slides a cross-head E fastened to and 
adjustable along arm A; and crank F ,  also keyed to  jack- 
shaft C and connected t o  the slotting ram by the connect- 
ing-rod G. I t  will be noted that  jack-shaft C is offset from 
the driving shaft B. Consequently, as arm A rotates arm 

Fir. 10. Dlarram Indicatinr Operatlag Principle of Y e o h m b  
Shown in Fin. 9 

D and crank F, the pivot block H on cross-head E slides 
back and forth in the slot J. Arm D and crank F ,  there- 
fore, will be given an irregular rotary movement; that  is, 
the crankpin K will travel faster in its circular path S, 
Fig. 10, when below the  horizontal center line of shaft C 
than when above this center line. This action will be more 
clearly understood by referring to  Fig. 10. Here let circie 
L represent the path of cross-head E, point A l  indicating 

the center of driving shaft B. Let N indicate the center of 
shaft C, and let the heavy line represent the arm D with 
the cross-head a t  0. 

Now, if the arm D is horizontal, a s  indicated by the heavy 
line, the cross-head, with arm A and shaft B, will rotate 
in the direction of the arrow only 160 degrees, in order to 
rotate a rm D one-half revolution. Thus, during this move- 
ment, which corresponds with the return stroke of the ram, 
arm D and crank F rotate faster than arm A. In com- 
pleting their revolution, however, the cross-head and arm 
A rotate 200 degrees to turn arm D and the crank the re- 
maining half revolution. Hence, during the latter move- 
ment, which corresponds with the working stroke of the 
ram, crank F rotates more slowly than arm A. Thus, a 
slow working stroke and a rapid return stroke are  obtained. 

If i t  i s  required to reduce the velocity of the working 
stroke, the cross-head is adjusted inward in slot P, Fig. 9, 
to a new position, say, to Q, Fig. 10. I n  this case a 135-de- 
gree movement of arm A is required to rotate crank F 
through its return stroke, and a 225-degree movement to 
rotate the  crank through i ts  working stroke. Thus, the 
velocity of crank F is increased during the return stroke 
and reduced during its working stroke. Crank F and arm 
A, however, complete their cycle in the  same time, so that 
the reduction in velocity of the working stroke dozs not 
affect the production rate of the machine. Incidentally, a 
greater range in the velocity variation of the crank can be 
obtained by increasing the offset X between shafts  B and C. 
This change will, of course, affect the length of the slots in 
the arms. 

Adiusting Operating Position of Reciprocating Slide 
without Stopping Machine.- Occasionally i t  is necessary 
to provide means for adjusting the  operating position or 
point of reversal of a slide having a fixed length of stroke 
without stopping the motion of the slide. A parallel to this 
requirement is found in a vertical shaping machine, in 
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which the reversal point of the tool-slide is varied manually. 
A mechanism for obtaining this variation is shown in 
Fig. 11, the tool-slide being indicated at A. This slide is 
driven by the crank B keyed to shaft J. Shaft J is driven 
by shaft C through gears D, E, and F. Roll 0, mounted on 
a stud in crank B, engages a groove in the tool-slide and 
operates on the principle of the Scotch yoke. 

The center distances between gears D and E and between 
gears E and F are maintained by the links G and H, re- 
spectively. These links are a free fit on the gear-shafts J 
and C. Gear E and link H are also a free fit on screw K. 
Shaft J turns freely in a bracket cast integral with the ad- 
justing slide L, and this slide is actuated by the handwheel 
M on the feed-screw N. Screw N engages a nut cast on 
slide L. Slide A is shown in its extreme left-hand position. 
Assume that both the left-hand point of reversal and the 
right-hand point of reversal are required to occur farther 
toward the right. To effect this change, the operator 
merely turns handwheel M the required amount or  until 
slide L has carried shaft J a corresponding distance toward 
the right. I n  doing this, the links tend to straighten out, 
yet the gears remain in mesh and continue the rotation of 
the crank. The range of variation for  changing the point 
of reversal is controlled by the diameters of the gears. If a 
larger idler gear E is used, the slide will have a greater 
range of adjustment. 

Adiusting Crank Throw of Wire-  Forming Machine 
while Machine is Running.-In the operation of a wire- 
forming machine, difficulty was experienced in holding the 
parts to  a uniform shape, due to variations in the hardness 
of the low grade of wire used. These variations in hard- 
ness necessitated frequent adjustment of the forming dies 
to prevent excessive variations in the depths of the formed 
portions. As stopping of the machine for this purpose 
seriously affected production, i t  was decided to provide 
means for making the necessary adjustments while the ma- 
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chine was in operation. This was satisfactorily accom- 
plished by applying the stroke-changing mechanism shown 
in Fig. 12. With this mechanism, the length of stroke of 
connecting-rod E, which operates one of the dies, can be 
changed while the machine is in operation, simply by ad- 
justing the nuts N on rod H. 

The length of stroke of rod E is varied by means of the 
eccentric bushing on the pin of crank A. Crank A is of the 
conventional open-end type, except that the crankpin is 
longer than would ordinarily be required. The bushing B 
on the crankpin is turned eccentric with the bore to fit the 
bearing in the connecting-rod E. The hub of bushing B, 
which is machined concentric with the bore, carries the 
gear C, as  shown in the view in the upper right-hand corner 
of the illustration. The yoke F is carried on the hub of 
bushing B outside of gear C. This yoke carries rack D 
which meshes with gear C. Rod H is fastened to yoke F 
and is threaded on its outer end where it passes through 
stud G. Stud G is located in a fixed position, but is free to 
turn or swing. All three assembly views show the crank A 
in its upper position. The bushing B is shown adjusted for 
the maximum length of stroke. 

As the crank A rotates in either direction, the crankpin 
carrying bushing B moves in the slot in yoke F. This pro- 
duces a rotating movement of bushing B on the crankpin 
as a result of the action of rack D and gear C. The number 
of teeth in gear C is such that a half turn of crank A pro- 
duces a half turn of gear C and bushing B. Thus the throw 
of eccentric bushing B is reversed in relation to the crank- 
shaft as  the crank A reverses its position. This causes the 
throw of eccentric B to be added to the throw of crank A, 
thus increasing the stroke of connecting-rod E. This condi- 
tion exists only in the opposite positions of the crank A, as 
the bushing B is constantly changing its position through- 
out the cycle. As the nuts N on rod H are changed, the rela- 
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tive position of the bushing B is changed, causing a change 
in the throw of crank A. 

Electric Control that  Varies Throw of Crank While 
Machine i s  Running.-The mechanism illustrated in Figs. 
13 and 14 provides a rapid adjustment of the throw of a 
crank while t h e  machine is in operation. The crankshaft 
indicated at A serves to impart a reciprocating motion to 
another member of the machine, and any throw of the 
crank between zero and the maximum is instantly available. 

The crankshaft i s  mounted on tapered roller bearings. 
Crankhead B is  integral with the shaft  and carries a sliding 
block of which the crankpin C is an  integral part. This 
block is connected by means of link D with the  draw-bar 
E, which is free to slide axially in shaft  A. Sleeve F is 
threaded a t  its right-hand end and has rack teeth on i t  tha t  
mesh with gear G (Fig. 14). 

Sleeve F is keyed to stationary cap H to prevent i t  from 
turning, but is free to  slide axially in this cap. The worm. 
wheel nut J i s  a running fit in  shaft  A,  and is threaded to 
fit sleeve F. A reversing motor rotates the worm-wheel 
nut through worm K, and thus moves the sleeve F ,  with 
draw-bar E, axially, so that, by means of link D, the radial 
position of the crankpin is changed. 

Mechanical and Electrical Mechanism for Regulating 
t h e  Crank Throw.-The apparatus for controlling the ra- 
dial movement of the crankpin is shown in Fig. 14. It is 
contained in a separate housing, and consists of a special 
electric switch designed to control the  reversing motor. 
This switch has a disk L, which is connected by a bushing 
to gear G and is provided with two semicircular contact 
segments M. The segments are  insulated from disk L. 
Member N is connected to a handle and its pointer P. 

The links Q, hinged to member N, are each equipped with 
a contact blade R. The links, with their blades, are held 
against the contact segments by a coil spring, a s  indicated. 
This spring also serves to hold the pointer against the 
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Switch Diagram Section Z-Z 

graduated dial S and prevents its shifting after  an  adjust- 
ment of the crankpin has been made. To further prevent 
shifting, the finger is formed like a knife-edge and rests in 
radial grooves in the dial, which also serve as the gradua- 
tions. 

The operation of the switch will be understood from the 
switch diagram. Point R + represents the positive con- 
tact blade and R - the negative blade. The contacting 
segments M a r e  connected with the motor and are separated 
from each other by insulators. When the R + and R - 
blades a re  on the insulators, the motor i s  idle, as the circuit 
is open, and the  throw of the crank is indicated by the posi- 
tion of the finger on the dial S. If the finger is moved to- 
ward the right, so that the blades R + and R - coincide 
with line X-X, the blade R + is in contact with the right- 
hand segment and R - with the left-hand segment, and 
the electric circuit is closed. Consequently, the motor will 
s tart  and shift the crankpin, as already explained. I n  the 
meantime, through the axial movement of sleeve F and the 
resulting rotation of gear G, the disk L turns clockwise 
until the contact blades engage the insulators. At this point 
the circuit is broken and the motor stops, leaving the crnnk- 
pin in a radial position corresponding t o  the position of the 
pointer on the dial S. 

If the pointer is moved toward the left, say on line Y-Y, 
the motor will run in the opposite direction and move 
the crankpin back toward i ts  former position. In this way, 
to either shorten or  lengthen the throw of the crank, the 
operator merely swings the pointer handle so that  the 
pointer engages the graduation on the dial corresponding 
to the required throw. This adjustment, besides being 
rapid, is made with a minimum amount of effort, as the 
motor does the actual work of shifting the crankpin. In 
designing the switch, great care should be taken to thor- 
oughly insulate the electrical contacts. 



CHAPTER IX 

RECIPROCATING MOTIONS DERIVED FROM CAMS, 
GEARS, LEVERS AND SPECIAL MECHANISMS 

I n  designing the driving mechanisms for  some parts hav- 
ing a reciprocating motion, cams, gears or levers a re  sub- 
stituted for a transmission of the rotating crank type. 
Examples of these different forms of reciprocating drives 
will be described. As with the crank type of drive, the 
object of using cams or combinations of levers may be to 
vary the  stroke in some way or the object may be to  obtain 
a mechanical movement essential t o  meet a particular op- 
erating requirement. 

Double Lever Mechanism to Provide Strokes of 
Unequal Length Synchronized During Part of Stroke.- 
The mechanism shown in Fig. 1 fulfills an  unusual require- 
ment in a simple manner. Two slides of a wire-forming 
machine were required to operate with different lengths of 
travel, the slide having the longer travel being arranged to 
operate in synchronism with the other during a portion of 
i t s  stroke. Adjustability, both as to the length of travel 
and the period of synchronization, was also required on the 
slide with the longer travel. 

Referring to the illustration, bearing H carries the shaft 
A, which is given an  oscillating motion by a cam-operated 
lever (not shown). The motion of shaft A is transmitted 
to lever B, which is keyed to  it. Rod E transmits the mo- 
tion of lever B to one slide, and rod D transmits the motion 
of lever C to the other slide. Lever C oscillates on stud K, 
carried on lever B, and has gear teeth cut on the end. 

The gear teeth on lever C mesh with teeth cut in disk L, 
which is carried free on the hub of lever B. Disk L carries 
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a pad F, which is in constant contact with plunger G in 
bearing H. Plunger G is backed up by a stiff spring. The 
action of plunger G against pad F tends to  hold the pad 
down against the screw I. 

As the  shaft A rotates in the direction indicated by the 
arrow in  the view to the left, lever B is carried in the same 
direction, but disk L is restrained from movement by the 
pressure of plunger G against pad F. This causes the gears 
to operate, so that the lever C is swung oil stud I< in the 
direction of the arrow. Rod D is thus given the combined 
movement of lever B and lever C, which continues until 
lever C makes contact with the stop-screw J on lever B. 
At  this point, lever C is restrained from further rotation on 
stud K, and continued movement of lever B causes disk L 
to be carried around with it, due to the locking action that  
takes place between the gears and screw J. 

As soon as disk L turns with lever B, levers B and C re- 
volve around a common axis-the center of shaft A-and 
they move in synchronism from that  point on. The view 
to the right shows the levers B and C in their extreme for- 
ward position, while an  end view of the mechanism in the 
same position is shown by the central illustration. On the 
return stroke, synchronism is maintained until pad F again 
makes contact with screw I, a t  which time the movement of 
lever C is increased by the action of the gears. Screw J 
controls the period of synchronization, while screw I con- 
trols the travel of lever C. 

Slide which Always Dwells During Initial Movement 
of Parallel Slide.-The mechanism shown in Fig. 2 pro- 
vides a dwell or delay in the movement of slide B while 
slide A enters upon the first portion of its cycle. On the 
return stroke, slide B dwells in the same manner while slide 
A begins its movement back to  its original position. 

This requires a delay arrangement that  will operate a t  
each end of the cycle, so that  the first slide will remain sta- 
tionary in each position for  a given length of time. The 

RECIPROCATING MOTIONS FROM CAMS, GEARS, LEVERS 287 

dwells could, of course, be obtained by means of cams. How- 
ever, the mechanism shown is simple and more compact 
than a cam arrangement. I n  this mechanism, disks N and 
D, with their contacting pins, a r e  arranged similarly to 
the tumblers employed on a combination lock. Referring 
to the illustration, the slide A moves a given distance a t  
the start before slide B moves in the same direction. At 

I 

SECTION X-X SECTION Y-Y SECTION 2 - 2  

Fit. 9. Yachml.m that Enabler Slldas A and B to be Xovad In Elthar Diraction b7 
Turning H*ndwhaol D, Slide B Alwaya Dwelling for Csrt..h 

Perlod During the Initial Yovernent of Slide A 

the end of the stroke, slide A moves in the reverse direction 
the same distance as a t  the s tar t  before slide B begins its 
return movement. 

These motions are  obtained in the following manner: 
Slide A,  through rack C, is connected directly to  the disk 
or handwheel D by gear E, pin F, and shaft G. Shaf t  G ,  
however, is allowed to rotate freely in the  combination gear 
and bushing H. Gear-bushing H is  connected to handwheel 
D through pin K in collar L which comes into contact with 
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pin M in the free-running collar N. The opposite end of 
pin M comes into contact with pin 0 in handwheel D. Thus 
pin 0 makes one revolution minus an amount equal to the 
thickness of the pin before i t  comes in contact with pin Ill. 
The opposite end of pin M can then make one revolution 
less the thickness of the pin before coming in contact with 
pin K which moves gear-bushing H, causing slide I3 to move. 
On the return stroke, the reverse action takes place. 

This means that  two revolutions of disk TI, less the thick- 
ness of two pins, can be obtained before slide R follows the 
movement of slide A.  Less than this amount of movement 

Fit. 3. Dtqram Illustrntinn Application of Hypocycloid to 
Reciprocating Machm~am 

can be obtained by placing two pins in each of the three 
disks a t  such angular positions as  to give the required move- 
ments. Thus, in the case shown, the total movement of A 
in advance of B is 1 1'4 revolutions minus the thickness 
of three pins if pins P are inserted. This movement lends 
itself very readily to operations that  require the withdrawal 
of a certain tool from the work before the entire carriage 
is  withdrawn. 

Mechanism for Converting Rotary into Reciprocating 
Motion b y  Application of Hypocycloid Principle.-The 
principle of the hypocycloid, as illustrated in Fig. 3, 
has been applied very effectively in the mechanism shown 

in Figs. 4 to  6. This mechanism is designed to convert 
rotary motion into reciprocating motion. The hypocycloid 
927, Fig. 3, is generated by the point P in the generating 
circle G a s  i t  rolls on the inside of the circle F. The hypocy- 
cloid thus generated by point P is a straight line when the 

diameter of the  generating circle G equals the radius of the 
circle F. A mechanism designed on this principle will give 
a long stroke with a minimum number of small strong 
par ts  arranged in the most compact form. 

I n  the principal application to be described, the circle F 
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becomes the pitch circle of a fixed internal gear, and the 
generating circle G becomes the pitch circle of a pinion that  
rolls around on the inside of the internal gear. The point 
P, which is a t  all times located a t  the exact intersection of 

F b .  I. Assembly of Saw Opersted by Xcchsnlrm Rhown In Fir .  4. Dotted Llnw Bhor 
Btartinr m d  Finishing Positions of Saw in Cutting o f  Clqmely Spaaed Piles 

the pitch line G with the center line SS of the internal gear, 
becomes the stroke pin. As the pinion rolls, this pin moves 
back and forth on a straight line from S to S, which is the 
equivalent of the pitch diameter of the internal gear. 

Hypocycloid Principle Applied to Saw- Reciprocating 
Mechanism.-The arrangement shown iil Figs. 4 to 6 forms 
the operating mechanism of a saw f o r  sawing off piling. 
The saw A, Fig. 4, has a stroke of 1 2  inches, and the  in- 
ternal gear F has a pitch diameter of 8 inches. The com- 
plete machine is made of Duralumin, and, without the 
motor, weighs 43 pounds. 

The specific problem was to  design and build a one-man 
portable machine for sawing off piles C (Fig. 5) a t  low tide. 
These piles were 18 inches in diameter and were spaced 
30 inches apart, center to  center. Plan and elevation views 
show the assembled machine attached to a 2- by 12- by 
48-inch timber E, supported on pile D, which was hand- 
sawed. The saw and the guide arms are shown in three 
positions by dotted lines to indicate how the reciprocating 
members clear the adjacent piles. Fig. 4 shows the recipro- 
cating mechanism to a somewhat larger scale. Sectional 
elevation and inverted plan views of t h e  power-driven parts 
are shown in Fig. 6. 

The direction of the stroke is determined and fixed when 
assembling stroke pin P and the pinion G in the internal 
fixed gear F. In  Figs. 4 and 6, the  line x-y is a t  right angles 
to the extension arm H of the f rame J. The internal gear 
F is made a s  a separate piece only f o r  convenience in cut- 
ting the teeth and to  provide a bottom bearing for the driv- 
ing pinion K, Fig. 6. The outside end L of pinion K was 
squared and connected to a n  a i r  motor which runs  a t  a 
speed of 800 revolutions per minute. This gives the  saw 
about 72 strokes per minute. 

The stroke pin P and its bracket N, riveted to the rolling 
pinion G, are  shown in three positions in Fig. 4 to illustrate 
how the pin P follows line x-y, carrying with i t  the forked 
link M which has pin R pivoted on i t s  short end. The long 
end of link M is forked around the  squared fulcrum pin S, 
Fig. 6, which swivels in the hub Q of the extension a rm H. 
The shoulder-stud T. Fig. 5, is supported in frame V and 
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fixed in position by pin U. A vise handle W in frame J 
permits the operator to swing the whole assembly on stud 
T to adjust and feed the saw. 

Referring to Fig. 6, the motor-driven gear X is a running 

FIr. a. Orou-mwtlon md Plan V f m  of hr-mlproollthr H.ohmlm 

fit on stud T, the head of which serves as a support for the 
gear. The crankpin Y, fixed in gear X, has pinion G 
mounted on its head. Suitable thrust washers are provided 
for  both gears X and G. The stroke-pin bracket N is riveted 
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to pinion G, with the center line of the pin P located on 
the pinion pitch line. The pin P turns freely in a bushing 
made in halves to facilitate assembling. The halves of this 
bearing are pinned securely to the forked link M. Holes 
and grooves for providing ample lubrication from one 
grease cup screwed into the top of stud T are shown. 

Uniform Reciprocating Motion.-A uniform reciprocat- 
ing motion often is required in machine design, and the 

Fig. 7. YwbraLm whloh Impart. m Evan Rsolprocatlng Yotion t o  b Rotatln# B u t  

mechanism to be described produces such a movement. A 
belt drive to pulley A,  Fig. 7, rotates shaft B, which drives 
gears C and D. Gear C meshes with and drives gear E. 
Cam G is integral with gear E and is opposed to the mating 
cam HI which is integral with gear N. Cam H and gear N 
are attached to  shaft F, which rotates and also receives a 
reciprocating motion. Cam G and gear E are free t o  re- 
volve around this shaft. 

Gear C has twenty teeth, and gear E nineteen teeth, 
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whereas gear D, which drives gear N, has nineteen teeth, 
and gear N has twenty teeth; consequently, gear E and 
cam G a re  driven somewhat faster than the mating cam H 
and gear N, so that there is a differential motion between 
the two. The result is that cam G forces cam H and shaft 
F to the right a t  a constant speed until the point of the 
driven cam passes the point of the driving cam, when the 
return stroke begins. It will be noted that spring K, acting 

Fig. 8. Double Cam and Oeu Cambluntion for Producing Variable Stroke 

through lever J, holds cam H in contact with cam G during 
the return movement. Gear D is made wide enough to per- 
mit gear N to continue in mesh during the entire stroke. 
This mechanism, with more or  less modification to suit the 
purpose, could be applied to various classes of machinery. 

Variable-Stroke Mechanism.- The purpose of the mech- 
anism shown in Fig. 8 is to impart a variable-stroke motion 
to rod A. This is accomplished by two cams B and C, 
mounted on shaft D. These cams are a free running fit on 
shaft  D and are held in place by two collars E. Cam C is 
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keyed t o  the hub of gear F, which has 100 teeth. Gear GI 
which has 111 teeth of modified form and is of the same 
diameter as gear F ,  is keyed to the hub of cam B, which 
transmits motion to rod A through roll R and bar J. 

The gears F and G are both driven by the wide-faced 
pinion HI secured t o  shaft K. The cam roll I. is mounted on a 
bracket secured to the machine frame, and remains in a fixed 
position. As the gears F and G revolve, the former gains 
eleven teeth on the latter a t  each revolution, thus shorten- 
ing and lengthening the throw of slide bar J and rod A, the 
stroke being lengthened when the relative angular positions 
of the cams are  such that  they impart motion in the same 
direction, a n d shortened 
when the  motion imparted 
by the cams is opposed. 

Varying a Reciprocating 
Movement at O n e  Point 
of Reversal.-In a certain 
textile machine, the mem- 
ber that  guides the yarn as 

Fig. 8. In Wlndlng thla Babbln, the Pun 
it is wound on conical bob- h Q U I ~ W I  by Means 01 the Xrohanirm 

Shown in Fig. 10 
bins is given a reciprocat- 
ing movement of uniform length until several layers 
of yarn have been wound. Then the length of this 
movement is gradually diminished so tha t  when completely 
wound, the yarn on the small end of the bobbin forms a 
cone of greater taper than the bobbin itself, as shown in 
Fig. 9. 

The mechanism for producing this movement is  shown in 
Fig. 10, the member for  guiding the yarn being indicated 
a t  A. This member slides on the  stationary guide C and 
receives its motion from the  reciprocating cross-head G 
through the bellcrank lever M, pivoted to the cross-head at 
H. The cross-head slides on stationary bars E and F, and 
is reciprocated by means of cam K on shaft L. 

On the lower arm of lever M is  a roll m which engages a 
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channel cut in the bar 0, pivoted a t  n. Another roll P a t  
the free end of bar 0 engages the groove in the cam Q. 
This cam controls the angular position of bar 0, and is 
rotated at the required speed by the worm and worm-gear 
S and r. It will be noted that the path of cam Q is con- 

FIE. 10. R w f p r o c a t b ~  Yaahanlnm for Vavinr the Lanflh of the Stroke 
of Member A which Quidas the Y u n  am it ia Wound on the 

Bobbin Shown in Fir. 0 

centric with i ts  shaft for 180 degrees. Hence, while roll P 
is passing over this part of the cam, bar 0 will remain sta- 
tionary and the length of the stroke of member A will re- 
main constant. This is clearly shown in the diagram, 
Fig. 11, where the length of the stroke a t  this time is indi- 
cated at S,. It will be seen that this stroke is equal to  the 
movement of the cross-head G, Fig. 10, plus the movement 
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of the upper end of lever M resulting from its engagement 
with bar 0. It is during the cam dwell that  the first lay- 
ers of yarn are  wound along the length of the bobbin and 
parallel to i t s  conical surface. 

At the end of the dwell, however, roll P moves toward 
the center of the cam, swinging the ba r  0 downward and 
thus changing the  angular position of the lever. As a re- 
sult, the stroke of member A is gradually diminiahed until 

Fir.  11. Magrun Shodng how the Osolllation of the Bellorrnk Lever 
Shottenm the Stroke in the Yechrnism Illustrctsd in F ~ E .  10 

the channel bar and the lower a r m  of the lever are in line. 
In this position (momentarily), the linear speed of mem- 
ber A and cross-head G are  equal and their movement is 
indicated a t  S in the diagram, Fig. 11. 

As roll P, Fig. 10, continues toward the center of the 
cam, the stroke of member A decreases still more until the 
channel bar and lever have assumed the position indicated 
by the dotted lines in Fig. 11. The stroke now is equal t o  
S2 and a t  this time, the bobbin is completely wound. Re- 
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ferring t o  the diagram, i t  will be seen that the stroke is 
shortened only a t  one end. Consequently, a s  each succes- 
sive stroke is shortened, the length of each successive layer 
of yarn is decreased a corresponding amount. Hence, the 
wound yarn a t  the small end of the bobbin forms a cone 
having a greater taper than the bobbin itself. This in- 
creased taper depends on the contour of cam Q and also on 
the rotary speed of the cam. This type of mechanism is 
used in many winding machines other than textile machines. 

Alternately Imparting Long and Short Stroke to 
Slide.- The cam mechanism, Fig. 12, imparts a long and a 
short stroke alternately to a slide, a dwell occurring a t  both 
ends of each stroke. This slide serves to change the posi- 
tion of the carton of a carton-stapling machine, relative to 
the stapling tools. 

Perhaps the most interesting feature of this arrangement 
is the fact that  only one point of reversal is varied to obtain 
the two different strokes. The cam is made in three parts, 
consisting of block D, arm E,  and bar F. It is mounted on 
the slide A, which is given a constant reciprocating move- 
ment by another member of the machine (not shown). The 
required movement is imparted to  slide R by contact of the 
roll C with the cam. 

Block D is secured to slide A and causes slide B to dwell 
a t  the left-hand end of the stroke. Arm E is pivoted at G 
to slide A, and i ts  angular position is varied every other 
stroke by means of the star-wheel H and the pawl J. Star- 
wheel H, toget'ner with the block K, is keyed to a shaft that  
is free t o  tu rn  in its bearing in slide A, while pawl J is 
pivoted to  the machine frame. Contact between block K 
and arm E i s  maintained by spring N. Bar F maintains 
a horizontal position on both the long and short stroke of 
slide B, and i t  was to obtain this condition that  the link L 
was incorporated. This link is pivoted to slide A at M and 
is connected t o  the bar F. With this arrangement, ba r  F 
remains in a horizontal position when arm E changes its 
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angular position, thus maintaining the dwell a t  the right- 
hand end of the cam. 

Reciprocating Slide with Cam Mechanism for Operat- 
ing Tool or Drill Slide.- The reciprocating slide A, Fig. 
13, is driven by an eccentric connected to rod D. This slide 
has a cam mechanism by means of which motion is applied 
to the slide B. The motion of slide B is employed for feed- 
ing metal-cutting tools t o  the work. I t  can be applied to  

F i g ,  13, Reeipraorting Slide Mechanism for Operating Tool-nlide 

the spindle of a drill press, for example, to advance and 
withdraw the drill. By making suitable changes in the cam 
slot the drill can be given a rapid approach and reduced 
feeding movement, followed by a rapid return to  the start- 
ing position and dwell. The movements required for this 
operation can be obtained by changing the cam-plate Q and 
guide plate R. These plates are  secured in place by screws 
and dowels. 

The cam-roll C is mounted on the driven slide B, which 
can move only in a direction a t  right angles to  the move- 

merit of slide A. The cam slot E in slide A has latches or 
slides F and G which project into the slot and prevent the 
cam-roll from reversing its direction of travel in the cam 
slot. When slide A is a t  i ts  extreme right-hand position, 
the cam-roll will be located in the cam slot as indicated a t  
H. The roll remains stationary while the  slide A moves to 
the left until i t  reaches the position indicated a t  J, thus 
allowing the slide B to dwell. Any fur ther  movement of 
slide A to  the left will cause roll C to move down t h e  in- 
clined portion L of the cam slot, moving slide B in the direc- 
tion indicated by the arrow K. When the cam-roll reaches 
the point M, i t  forces the latch F back to  the position indi- 
cated by the dotted lines a t  N. As soon as the roll reaches 
position 0, latch F, under pressure f rom spring P, snaps 
back to the closed position. At this point, the eccentric 
that reciprocates slide A has reached i t s  highest point and 
the slide commences t o  travel in the reverse direction. On 
the return stroke, the same cycle is repeated, causing the 
slide B t o  be returned to its original position when the cam- 
roll reaches the  position indicated a t  H. Within reason- 
able limits, the dwell positions of the cam slot, as a t  S, can 
be changed to  produce any sequence of movements or  dwells 
required. 

Combined Reciprocating and Elevating Movement.- 
The device illustrated in Fig. 14 i s  used for skimming dirt 
and oxides from the surface of molten lead in a galvanizing 
vessel. Pieces t o  be galvanized are  dipped in this vessel, 
and in order tha t  they shall have a smooth and bright sur- 
face, all foreign matter must be removed from the lead be- 
fore the pieces are  withdrawn. The skimming is done by 
means of the reciprocating blade G. The blade is in contact 
with the lead on the stroke from right to left. The return 
stroke, however, is made with the blade in an  elevated posi- 
tion, as shown in the end view. With the  blade in the latter 
position, the pieces to be coated can be readily placed in  or  
withdrawn from the vessel. 
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On the bracket A, secured t o  the side of the vessel, is  
fastened a stationary shaft  B. Sliding on this shaft is a 
sleeve C which, in turn, forms a bearing for the bushing D. 
On one side of this bushing is an extension to which the 
skimmer is fastened, while on the other side is mounted a 
cam roller J which engages an  angular slot in the carriage 
E. The carriage slides on shaft B, and is given a recipro- 
cating motion by a crank (not shown) through the con- 
necting-rod F. Both members C and E are prevented from 
rotating by keys in shaft B. 

Referring to the plan view of the illustration, it will be 
seen that the skimmer blade is a t  i ts  farthest position to 
the left. The carriage E now moves toward the right, and 
after traveling a distance X, the surface H on the carriage 
boss comes in contact with the end of the sleeve C. While 
the distance X is traversed by the carriage, the sleeve C 
is stationary and the roll J is forced downward due to the 
angularity of the cam slot I. This movement of the roll 
will cause the blade G to rise above the molten lead. 

The carriage E continues to move to  the right with the 
blade in its elevated position until the end of the stroke is 
reached. On the return of the carriage, the gap shown a t  
X will be on the other end of the sleeve C. A s  the width 
of this gap decreases, the cam roll will ride to the top of 
the slot I, causing blade G to  enter slightly past the surface 
of the lead. The blade, held in this  position, skims the 
surface of the lead a s  i t  continues i ts  stroke to the position 
shown in the plan view. 

There must be sufficient friction between the shaft and 
the sleeve so that the latter will remain stationary while 
the roll J raises the skimmer blade. This friction is ob- 
tained by counterboring both ends of the sleeve until the 
length of its bearing on the shaft is shortened to a distance 
Y. The location of this short bearing surface is such as to  
cramp the sleeve enough to obtain the  desired friction. In 
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this simple way, a very effective and dependable frictional 
grip is obtained. 

Quadrupling the Travel of a Slide.-In the mechanism 
illustrated in Fig. 15, the reciprocating slide A has a stroke 
four times as  long as  the slide B from which i t  receives its 
motion. This is effected through a series of racks and pin- 
ions, the pinions moving in a straight line and meshing with 
two opposite racks, one of which is fixed and the other free 
to slide. Obviously, the rack that  is free to  slide will move 
twice as  f a r  a s  the center of the pinion. This design is ad- 
vantageous when a compact arrangement is required, and 
by using more than two gear combinations, the stroke im- 
parted by slide B can be increased to any length. 

The mechanism is mounted on the stationary block C, 
which is grooved to receive the three reciprocating slides 
A, B, and D. On each of the slides A and D is secured a 
rack, as indicated a t  G and H. Two stationary racks E and 
F are fastened to block C. On the ends of the slides L' and 
D are the pinions J and K, each of which meshes with a 
fixed and a sliding rack. Full lines a r e  used to represent 
the pitch lines of the gears and racks. 

Now i t  will be seen that  if slide B is advanced toward the 
right, say 1 inch, slide D will move 2 inches in the same 
direction through the action of pinion J meshing with the 
racks F and H. The same combination of gearing exists 
a t  the right-hand end of the block. Consequently, if slide 
D moves 2 inches, the stroke imparted to  slide A will be 4 
inches. A t  the  end of this 4-inch stroke, slide A will be 
in the position shown in the lower view. 

Intermittent Trigger Slide Having a Positive Working 
Stroke and a Swift Return.-A reciprocating slide having 
a trigger action is employed on an automatic nut-tapping 
machine for feeding the nut positively and a t  a relatively 
slow speed from the magazine to t h e  tapping position. 
There, the slide dwells during the operation, after  which 
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the  trigger action releases it, so that i t  returns swiftly to 
the magazine for another nut. 

The mechanism is mounted on the machine frame H, 
Fig. 16. I t  consists of the dovetail slide A,  on which is 
guided the auxiliary slide B, both slides being actuated by 
the oscillating segment gear C. Gear C oscillates a t  a con- 
stant  velocity and receives its motion from another mem- 

r 1 

N r ,  18. 811de Having a Poaitlve Working Btroke md a Raptd Return Xovement 

ber of the machine (not shown). Secured in slide B is the 
round rod D which is connected a t  its left end to the work- 
carrier (not shown). Spring E, which imparts the rapid 
return movement to  the work-carrier, is mounted on rod D, 
and the  spring tension is released for the return stroke by 
the tr igger F, pivoted on the stationary bracket G. 

Gear segment C, in the position shown in the illustration, 
has carried both slides to their extreme left-hand position, 
and in  doing so, has caused rod D to transfer a nut from 
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the magazine to the tapping position. A t  this point, trigger 
F has engaged the projection on the  auxiliary slide B. The 
gear segment now reverses its movement and carries slide 
A toward the right. During this movement, slide B re- 
mains stationary, since i t  is held by t h e  trigger. Near the 
end of the stroke of slide A toward the  right, the projection 
J engages the end of the trigger and lifts the lat ter  away 
from the projection on slide B ;  consequently, slide B is re- 
leased and under the action of spr ing E is carried toward 
the right until the rubber bumper K comes in contact with 
projection J. Thus, with the  return of slide B, the work- 
carrier and rod D are  returned swiftly to the magazine for  
another nut. This completes the  cycle of the  mechanism. 

Slide which Dwells a t  One End of Its Stroke.-The 
screw shells on the plugs attached to  electric extension 
cords are spun in place on the  plugs in an automatic ma- 
chine. The assembled shell and plug is delivered to  the 
machine from the magazine by means of a feed-slide hav- 
ing a dwell a t  one end of i ts  stroke. The slide is  designed 
to have a positive action. The dwell occurs when the  slide 
has carried the plug to  i t s  spinning position and continues 
until the shell has been spun and t h e  finished plug ejected 
from the machine. 

Referring to Fig. 17, the  feed-slide A i s  mounted in 
guides on the machine f rame B. T h e  driving lever C is 
equipped with a roll D which engages a cam slot E in a 
projection on the slide. The illustration shows the  empty 
slide in the position i t  occupies a f t e r  being carried back 
toward the left to the magazine (not shown). A s  the lever 
reverses its motion, the slide is returned with a plug to  
the position indicated by t h e  dot-and-dash outline, the  lever 
rotating through angle b. This is  t h e  position of the  slide 
while the plug is being spun. The dwell of the slide tha t  
permits this operation is obtained as the lever continues 
its movement along the curved portion of the cam slot, the 
latter being concentric with the  lever shaft  a t  this  time. 
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The dwell continues until the lever has  moved through the 
angle a minus b and back to the position shown by the dot- 
and-dash outline. At this point the completed plug is 
ejected from the slide by a device not shown. The con- 

Fir. 18. Raciprwatlnr lIeohralnn sf r Hlgb-sped M i n e  for Oparatins 
BLlde P u J l r l  to Dri~tns  lbrft 

tinued movement of the lever returns the slide to the maga- 
zine ready to pick up another plug. 

Slide with Reciprocating Movement Parallel to Driving 
Shaft.-In a special high-speed machine used to shear and 
form fiber shields for electrical switches, i t  was required 
that slide A (see Fig. 18) have a reciprocating motion 
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parallel t o  driving shaft B. I t  was also essential to  o p  
erate slide A without lost motion due to wear, and the de- 
sign here shown has proved satisfactory in this respect. 

The reciprocating motion is obtained from an  angular 
eccentric sleeve C, secured to driving shaft B. As this 
sleeve revolves, i t  imparts a swinging motion to part  D 
about center E. This motion is transmitted to slide A 
through a rod which is fixed to D and has a ball-shaped 
end F. The spherical end engages concave seats in bronze 
screws G, held in a cross-head that is free to  slide vertically 
fa r  enough to  provide for the rise and fall resulting from 
the circular movement of ball F. Screws G provide ad- 
justment to eliminate play, and the vertical cross-head slide 
has adjustable gibs. 

The two ball bearings that  support the driving shaft  and 
also the two between sleeve C and part D are of the com- 
bination radial and thrust type. The mechanism is enclosed 
in a bracket cast integral with the machine proper and 
forming a well so that  the lower members are  always 
in a bath of oil. This reciprocating mechanism operates 
smoothly and accurately, and requires little attention other 
than to add oil to the well a t  intervals of approximately two 
months. 

Obtaining Two Reciprocating Motions from One 
Movement.- A change in a wire product necessitated 
changing the mechanism of a wire-forming machine so that  
the reciprocating motion originally used would be replaced 
by two similar movements of lesser magnitude in the same 
period of time. Fig. 19 shows how this was accomplished, 
using the same source of power. Originally the required 
reciprocating movement was furnished by rod A. In the 
new arrangement, this rod actuates rod K, causing it to  
move forward and back while rod A is moving in one 
direction. 

Rod A is given a reciprocating motion from a distant 
source of power for transmitting the oscillating motion to 

the lever B, which is fastened to gear C. Gear C and lever 
B are free on stud D, and  oscillate in  unison. Gear C 
transmits motion to gear E, which carries the  lever F, both 
of which are free on stud G. Lever F carries the  pin H, 

~ b .  18. Bi-arna nlumtr.tln# Operation of B.clprocrt1ng M e o h d m  

which travels in a slot in lever J, transmitt ing motion to  
rod K. The assembly is  supported by t h e  bearing L. 

In  the two upper views, rod A i s  shown at its extreme 
right position and i ts  extreme left position, representing 
half its cycle of operation. It will be noted t h a t  in both 
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these views, lever J occupies the same position, having 
passed through one complete cycle and returned to its orig- 
inal position. Starting its movement from the position 
shown by the upper left-hand diagram, lever B is moved 
t o  the left by rod A, causing gear C to make a partial revo- 
lution. Gear E, meshing with gear C, is thus given a par- 
t ial  revolution in the opposite direction. As lever F is 
fastened t o  gear E and moves with it, pin H is moved down- 
ward in the slot in lever J ,  causing the latter to  mcve to 
the  right until pin H reaches the horizontal center line of 
stud G ,  a t  which time lever J is a t  its extreme right-hand 
position, a s  shown by the lower right-hand view. 

Continued movement of rod A produces a further down- 
ward movement of pin H. As pin H passes the center line, 
i t  acts against lever J in the reverse direction, moving i t  
to the left. As rod A reaches its extreme left position, 
lever J is also a t  its extreme left position, having completed 
i t s  cycle, whereas rod A has completed but half its cycle. 
As rod A returns to its extreme right position, lever J again 
passes through its cycle. The magnitude of the movement 
of lever B may be determined by comparing its positions 
(see two upper views), while the movement of lever J will 
be understood by reference to the upper left-hand and the 
lower right-hand diagrams. 

Slide with Dwell at Ends of Stroke and Quick Return.- 
A mechanism designed to give an intermittent movement 
t o  a reciprocating slide is shown in Fig. 20. For every revo- 
lution of the shaft I, the slide J rises a t  a comparatively 
slow speed until it reaches the position shown by the dotted 
outline; the slide then dwells a t  this point for a certain 
period of time, after which i t  returns to its original posi- 
tion. These movements are secured through the action of 
the lever arm D on the latch C and on the projecting lug K 
of the slide. The end of the arm, rotating a t  a uniform 
speed, engages the lug K and raises the slide until the latch 
C catches on the lower lug G. 

The slide is held in this dwelling position until the  arm 
trips the latch, when the slide drops down on stop-pin B to 
the position shown, thus completing the  cycle. A further 
motion of the arm raises the slide. The member of the 
machine on which the end H of the slide acts (not shown) 
returns under the action of a coil spring, carrying the slide 

back also. It will be noted that  the angle through which 
the arm must turn  to raise the slide J the  required height 
is governed by the over-all length of the a rm D and the 
location of the shaft I. The slide is confined in its path by 
the T-shaped gib F on the bracket A. 

Slide which Dwells During Every Other Cycle of Driving 
Slide.-On a certain bread-wrapping machine the mechan- 
ism, Fig. 21, controls the action of the bread-shifting slide. 
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This slide is operated by another sliding member and dwells 
during every other cycle of the driving member. 

The bread-shifting slide is indicated a t  A. This slide 
transmits its controlling motion to the loaf-holding mem- 
ber (not shown) through stud P, and is actuated by the 
continuously reciprocating slide B through the connecting- 
rod C. Rod C is automatically disengaged from slide A 
after every other cycle of slide B by the switching arrange- 
ment mounted on the base D, which is secured to the ma- 
chine frame E. Thus, base D serves also as a guide for the 
slide B. In the top of the base is machined a U-shaped 
groove with which the roll F on the connecting-rod engages. 

Two spring-actuated switching arms G and H are pivoted 
to the base by the pins J and K. These pins are free t o  
turn in the base and have a square shoulder near their 
upper end on which the arms slide. The arms are held 
normally in the position shown by the coil springs L. On 
the lower ends of the pins are secured fingers M and N, 
connected by the coil spring 0. The tension of spring 0 
serves to return the arms to their normal positions. 

Slide B, together with connecting-rod C, moves slide A 
through part of its stroke toward the right. As these mem- 
bers continue their movement in this direction, the roll F 
enters the curved portion of the U-groove, withdrawing 
the projection R on the connecting-rod from its recess in 
slide A. This causes slide A to stop. In the meantime, 
however, the end of arm H engages the shoulder on the roll 
stud Q and is forced back toward the right. Thus, when 
the roll has reached its extreme right-hand position, the 
energy stored up in spring L forces the roll past the dead 
center. At this point, the slide B reverses its motion, and 
as i t  moves toward the left, the roll travels in the lower 
part of the groove. During this stroke of slide B, and also 
during its return stroke, the projection R on connecting- 
rod C remains disengaged from slide A. Xence, the latter 
dwells during this cycle. However, when slide B returns, 
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the roll stud Q engages arm G, so that  when the roll reaches 
its extreme right-hand position in the groove, the a r m  
forces the roll past the dead center and into the opposite 
section of the groove. 

In  entering this section of the groove, the projection on 
the connecting-rod again engages the recess in slide A, so 
that  this slide is carried with slide B toward the left. It 
also returns with slide B to the position indicated by the  
dot-and-dash outline. At  this point, t h e  connecting-rod 
projection is again disengaged, a s  already described. Thus, 
slide A has a dwell equivalent to a complete cycle after every 
other cycle of the  machine. In  order to  have slide A stop a t  
exactly the same position every time i t  dwells, the spring- 
actuated plunger S was provided. The end of this plunger 
merely rides along the top of the guide fo r  slide A until the 
slide reaches i ts  dwelling position. When this occurs, the  
plunger drops into the depression in the bushing insert T, 
thus locking the slide securely during the idle stroke of 
slide B. 

Reciprocating Motion Obtained by Alternately En- 
gaging Upper and Lower Sides of a Steel Belt.-The 
turned shafts used in a certain type of machine tool a re  
finished by polishing with abrasive cloth. This work is  
done on a machine in which the shaft  i s  revolved between 
centers while the abrasive cloth, in a suitable holder, is 
held in contact with the shaft and moved back and forth by 
a reciprocating table. The long reciprocating movement 
of the table is obtained by alternately engaging and disen- 
gaging opposite sides of a horizontal steel belt. The mech- 
anism secured t o  the table fo r  automatically engaging and 
disengaging the belt is shown in Fig. 22. 

The reciprocating table C is mounted on the beveled 
rollers A. An apron D, cast integral with the table, carries 
the reversing tumbler E, the spring-actuated plunger F and 
the dog lever G. Tumbler E and lever G are  pinned to- 
gether, but a re  free to turn on the stud H, secured in the 
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apron. The belt drums are  mounted on shafts supported 
by brackets which are secured to the machine bed. Only 
the left-hand drum J is shown. This is the  driving drum 
which rotates a t  a constant velocity. The  other drum is 
the idler, and i ts  bracket has a horizontal adjustment f o r  
taking up the slack in the steel belt K. On an  extension on 
each of the brackets is a pin L, which engages the  lever G 
a t  each end of the table stroke, causing the  movement of 
the table t o  be reversed. 

The spring on plunger F is made heavy enough to  main- 
tain engagement of tumbler E when the  table is moving 
toward the right. As shown, the action of plunger F causes 
the top side of the belt to  be gripped tightly between the  
top prong of the tumbler E and the block M secured to the  
apron. Consequently, the table must travel in the same 
direction as  the top side of the belt, a s  indicated by the  
arrow. At the end of the movement in this direction, the 
lever G engages stationary pin L which swings the  lever in 
a clockwise direction, thus disengaging t h e  top prong of 
tumbler E from the belt. 

Although the belt is then disengaged from the  table, the  
resulting momentum causes the table to  continue its motion 
in the same direction, so that  the lower prong of the tumbler 
engages the lower side of the belt. This causes the belt to  
be gripped between the lower prong of tumbler E and t h e  
apron block N. As the lower side of the belt i s  moving to- 
ward the right, the movement of the table will be reversed. 
Wear resulting from use will eventually destroy the grip- 
ping action of the prongs and blocks, but th is  condition can 
be easily corrected by placing shims under the blocks M 
and N. 

Hydraulic Reciprocating Mechanism for Machine 
Tools.- The hydraulic control valve (Fig. 23) is applied t o  
hydraulically operated grinders. This valve controls the  
flow of oil to and from the hydraulic cylinder tha t  contains 
the piston or  plunger for operating the work-table. 
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A one-way pump supplies oil a t  a constant pressure 
through pipe A, and the return flow is through pipe B. The 
work-table is operated by piston-rod D, and the flow of oil 
to and from cylinder C is regulated by control valve E in 
conjunction with pilot valve F. The illustration has been 
made partly diagrammatic to  show the arrangement more 
clearly. 

When valve E is in the position shown, the oil from the 
pump enters through port G, which is connected with pipe 
A, and passes through port H, forcing the piston to the 
right. Oil from pipe A passes through port J and through 
the hollow pilot valve F and port K, thus exerting pressure 
against valve E which causes it to shift to the left-hand 
position shown. The arrows indicate the direction of flow. 
During this movement of valve E to the left, oil which pre- 
viously entered the left-hand end of the chamber containing 
valve E is exhausted through ports L, M, and the main ex- 
haust port N, as  indicated by the arrows. 

Now when a stop on the reciprocating part engages collar 
P on the pilot valve rod and moves the pilot valve to  the 
right, port K is opened to the exhaust ports M and N, and 
oil under pressure flowing through port J passes through 
port L and shifts the control valve E to its right-hand posi- 
tion. The main inlet port G and port Q are now connected, 
so that  the piston begins its movements to  the left, and oil 
in the left-hand end of the cylinder is exhausted through 
ports R and then to the right through the interior of valve 
E and out through ports now opposite the main exhaust 
port N. The pilot valve F requires a movement of only 
3/8 inch, and valve E is shifted quickly so that full port 
opening is obtained without delay and the flow of oil is not 
restricted. 

CHAPTER X 

SPEED - CHANGING MECHANISMS 

Many different types of mechanisms for obtaining speed 
variations have been designed. These mechanisms, as ap- 
plied to machines used in connection with manufacturing 
processes, permit the speed of cutters or  other tools to be 
regulated to suit different materials o r  operating condi- 
tions, as in the case of machine tools. Numerous designs 
have also been developed for changing the speeds of moving 
vehicles. In all of these applications, the  general object is 
to vary the speed of a driven member by mechanical means 
and independently of the driving engine or  motor. Chapter 
XI of Volume I (pages 310 to 362) deals with different 
types of speed-changing mechanisms. The additional de- 
signs which follow are more or  less special and embody 
interesting principles relating to  the design of mechanisms 
of this general class. 

Speed-Reducing Gearing for Operating Press Fixture.- 
An automatic fixture for a small punch press required a 
cam to operate i t  and i t  was necessary fo r  the cam to make 
one revolution to  seven revolutions of the punch press shaft. 
The compact mechanism for obtaining this speed reduction 
is sometimes known as "wobble gearing," owing to  t h e  
eccentric motion imparted to  one of the gears. 

The punch press shaft A (see Fig. 1) has keyed to  i t  a n  
eccentric B (see also detailed view). This eccentric rotates 
within and transmits an eccentric motion to a rm C to which 
is attached an internal or wobble gear D. Gear D meshes 
with and drives pinion E to  which is attached cam F. This 
cam has two working edges fo r  operating followers G and  
H, as  these followers require different motions. At the  
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Tower end of arm C there is a stud J. One end of this stud 
is fixed t o  the press frame and the other end engages an 
elongated slot in arm C, thus preventing the latter from 
rotating about its axis, but permitting the axis to rotate 
around a circle equal in diameter to the throw of the ec- 
centric. 

The action of the mechanism is as follows: When the 

END VIEV4 OF CCCENTRIC 
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press shaft A rotates in a right-hand direction, the driven 
pinion E revolves in a left-hand direction. In  one revolu- 
tion of shaft A, the rotation of pinion E is equivalent t o  
four teeth, this being the difference between the  numbers 
of teeth in internal gear D and pinion E. G2ar D has  
thirty-two teeth and pinion E twenty-eight teeth and 32 - 
28 = 4 ;  therefore, pinion E will make one revolution for  
every seven revolutions of the punch press shaft, which is  
the reduction required. The gears are  of 8 diametral pitch 
and the eccentric radius is 1/4 inch, giving 1/2 inch throw. 
The gear teeth are  modified somewhat to provide clearance 
for the eccentric movement. AI! parts a re  made of machine 
steel. A 1/8-inch a i r  hole (not shown) i s  drilled through 
part B opposite the end of shaft A to  permit the air t o  
escape when assembling A and B. The bearing surfaces 
also have suitable oil holes, which are not shown. 

Nine - Speed Gear - Box with Single - Lever Control.- 
The single-lever control mechanism shown in Fig. 2 per- 
mits the operator to obtain instantly any one of nine dif- 
ferent speeds. For  instance, with a driving motor running 
a t  960 revolutions per minute, the gear-box gives nine 
speeds ranging from 10 to 50 revolutions per minute. These 
speeds are  obtainable, in the usual manner, with three pairs 
of sliding gears on two parallel shafts, by sliding each group 
of three gears. The gears and the gear-box of conventional 
design are not shown, but the yokes that  control the sliding 
gears are indicated at J and K. 

The interesting feature of this design i s  the arrangement 
for obtaining the nine changes of speed by means of the 
single lever A. A horizontal movement of lever A serves 
to rotate the segment gear F, which is in mesh with the  
rack teeth on the  gear-shifting slide J, causing the slide t o  
move endwise. A vertical or  up and down movement of 
lever A imparts a similar sliding movement to  the gear- 
shifting slide K, which has rack teeth meshing with the 
segment gear H. The range of movements imparted to the  
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slides J and K by the horizontal and vertical movements of 
lever A permits any one of nine speeds to be selected. 

When the handle A is moved horizontally, the housing B, 
in which the lever is pivoted at C, turns with the lever and 
the rod D. The teeth on gear El secured to rod D, are a 

sliding fit in internal teeth in the hub of the segment gear F. 
Thus a horizontal movement of lever A transmits a sliding 
movement to slide J through the rod D, gear E, and seg- 
ment F. A vertical movement of lever A causes it to pivot 
on stud C, resulting in transmitting a vertical movement 
to rod D. The downward projecting end of gear E is a 
turning fit in the helical gear G; gear G has straight spur 
gear teeth a t  L meshing with teeth in the housing that pre- 
vent rotation of the helical gear. The vertical movement of 
lever A causes gear G to move vertically and impart a ro- 
tating motion to the segment HI which has internal helical 
teeth that are a sliding fit over the helical teeth on gear G. 

Combination Differential and Speed Reducer.- The 
truck and tractor differential, Fig. 3, not only compensates 
for the variable speed of the rear wheels but has a second 
differential motion for obtaining two speeds a t  a ratio of 
2 to 1 ; thus the pulling power of the car i s  increased a t  the 
low speed approximately 100 per cent. Both of these move- 
ments are enclosed in one casing. 

In the sectional view of the rear axle assembly, the gears 
are shown enclosed in the housings A and B, which are  
mounted in ball bearings. A worm-gear C ,  clamped se- 
curely between these housings and driven from the engine 
by the worm, serves to drive the mechanism. The bevel 
gear E is locked by a pin to the housing A, while the gear 
F is free to turn in housing B and has a projecting hub on 
which the clutch G is held by a feather key. 

By sliding this,clutch to the right into engagement with 
the stationary member H, the gear F is  prevented from 
rotating; and when the gear E is rotated, the pinions I, 
which are in constant mesh with bevel gears E and F, a re  
advanced in the same direction as gear E. However, as 
these pinions are mounted on the four-armed spider J, their 
rolling action on the gears E and F will cause the spider 
to revolve a t  one-half the speed of the gear E. 

The movement of the spider also carries the inner pin- 
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ions K and the gears N and 0 around, driving the axles L 
and M. I t  is obvious that the gears N, K, and 0 form a 
differential similar to that found on most cars, permitting 
either axle to lag. When clutch G is moved to the left into 
engagement with the jaws P on the casing B, the entire 
assembly is keyed together and its action is the same as in 
an ordinary differential case. The spider J is free to float 
in the pinions K and I. The thrust of these pinions as  they 
roll on the bevel gears is taken by the casings A and B, the 
spherical thrust seat being similar to that  employed in a 
standard differential. The clutch G is operated by means 
of the lever Q, connected to a shifting lever near the driver's 
seat. 

Compound Planetary Speed Reducer.-A compound 
planetary speed reducer, designed to give a large reduction 
in a unit of small size, is shown in Fig. 4. The gearing 
consists of a stationary gear F, doweled to housing D; a 
low-speed gear R, fastened to the low-speed shaft E; plane- 
tary pinions G and H; planetary gears L and M; and a high- 
speed pinion P, fastened to high-speed shaft Q. 

Pinions G and gears M are carried on shafts J, while 
gears L and pinions H are carried on the sleeves K, the two 
assemblies being held on the planetary arm N. Pinions 
G and H, and gears F and R, have the same number of 
teeth; but gears L and M, although they are of the same 
pitch diameter, do not have the same number of teeth. In 
this case, L is a normal gear, while M has one tooth more 
than L, but is cut on the same pitch diameter. 

The fact that gears M and L are both driven by the single 
pinion P makes possible the large speed ratio between the 
driver and driven shaft. I t  may be well to point out here 
that the ratio will be greatly decreased if pinion P is made 
with two sets of teeth in which one set is larger by a tooth 
than the other, and the gears L and M are  made normal- 
that is, M is made to correspond with the lower half of the 
divided pinion P. 



328 SPEED-CHANGING MECHANISMS SPEED-CHANGING MECHANISMS 329 

Calculating the Speed Ratio.- The method of calculat- 
ing the ratio of this kind of reducer is not very different 
from any other, although the fact that  the  movement goes 
through two sets of gears may make it confusing. An  
example will make the method clear. 

Referring to the  illustration, the number of teeth in the  
different gears of the mechanism are as  follows: F = 50, 
G = 20, H = 20, R = 50, L = 80, M = 81, and P = 32. 

First, assume that  all the gears are locked tight and tha t  
the entire mechanism, case and all, is given one revolution. 
Thus, both shafts E and Q are given one revolution. Next, 
assume that  arm N is held stationary, and  that  the case 
D is turned back one revolution. As this one revolution i s  
made, we analyze the rotation of the various gears, noting 
first what happens to shaft Q and then t o  shaft E. The 
movement is added to or subtracted from the  first revolu- 
tion in each case, and the two results are set  up a s  the ratio. 

Equations can now be written from this information. 
Assuming that  the  first revolution was made in a clockwise 
direction, the second revolution is made in a counter-clock- 
wise direction. It will be noted that  when w e  turn  the case 
back one revolution, while holding the a r m  still, the shafts  
revolve in a counter-clockwise direction; so we must sub- 
tract the calculated movement from the first revolution of 
both the driving and the driven shafts. Thus we have, 
Movement of driver Q equals 

F M 

and movement of driven shaft E equals 

F M P H  
50 x 81 x 32 x 20 81 80 -81 1 

1 - =I--= =-- 
20 x 32 x 80 x 50 80 80 80 
G P L R  

- -- 

Rr. 4. HIch Rrtio Sped  EeduotIon YIsobnLm of Cammot Drkn 
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Thus we have the ratio between the driving and driven 
shafts equals 

I t  should be noticed that the equations for both Q and E 
are negative; hence their quotient is positive, which means 
that the driven shaft E runs in the same direction as the 
driver Q. If the positions of gears L and M are reversed, 
the same ratio is obtained, but with a negative sign, as will 
be found by working out the example as in the first case. 

The effect obtained by making P in two pieces, with 31 
teeth for the lower half to match the 81-tooth gear MI and 
32 teeth in the upper half to match L with 80 teeth, will 
be to greatly reduce the ratio. Working out this example 
by the same method as was used for the first example shows 
the ratio to be 121.5 to 1. 

The general construction of the speed reducer is shown 
quite clearly in the illustration. The low-speed shaft E 
runs in a bronze-bushed bearing, and the drive can be taken 
off to one s i d e t h a t  is, with a chain or gearing, if neces- 
sary. The high-speed shaft Q, in this case, was designed 
to be coupled directly to a motor. If it were necessary to 
drive shaft Q with a chain or gears, the double-row ball 
bearing would probably have to be split up into two bear- 
ings, one being arranged as in this design, and the other 
located close to the end of the shaft to take the radial load 
of the chain or gear. The method of mounting will nat- 
urally depend on conditions. In the application described, 
the case D was fastened to two channels running parallel 
with the shafts, legs S being provided for that purpose. 

Gearless Variable-Speed Transmission.-In many drives, 
i t  is desirable to be able to shift from one speed to another 
without stopping the machine and also to be able to obtain 
any speed between the maximum and minimum. A design 
which meets these requirements is shown in Fig. 5. It ie 
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compact, and instead of using gears, chains, o r  belts for  
transmitting the rotary movement to the  driven shaft, 
levers and roller clutches are employed. 

In this particular model (built and patented by the Len- 
ney Machine & Mfg. Co., Warren, Ohio), any speed be- 
tween 15 and 150 revolutions per minute can be obtained 
with the motor running a t  1750 revolutions per minute. The 
speeds are  instantly changed by turning the  handwheel in- 
dicated a t  A. On the drive shaft is mounted a series of 
eccentrics B. These eccentrics are connected to levers C 
by yokes D.  Roller clutches on the driven shaft  are con- 
nected to  the levers by yokes E. 

As the drive shaft rotates, the eccentrics impart an oacil- 
lating movement to the left-hand ends of the levers C; and 
as  these levers are pivoted a t  F, their other ends will also 
oscillate and impart a rotary reciprocating movement to  the 
roller clutches within the yokes E. Each reciprocating 
movement of the clutches will cause the driven shaft to 
rotate a fraction of a revolution; and as the eccentrics are 
spaced uniformly about the drive shaft, the impulses given 
the driven shaft will be successive and overlapping. In 
this way, a uniform rotary movement of the driven shaft 
i s  obtained. 

The oscillating movement of the right-hand end of the 
links C determines the amount the driven shaft turns  dur- 
ing each impulse, and this oscillating movement depends 
upon the position of the fulcrum F along the  slot in the lev- 
ers. For  example, if the fulcrum is moved down toward the 
right by handwheel A, the reciprocating movement of the 
clutch will be shorter, and a longer time will be required 
to  rotate the driven shaft. Obviously, the entire range of 
speeds is covered smoothly, enabling the mechanism to 
glide from one speed to another. Although not indicated, 
forward and reverse rotation of the driven shaft can be 
obtained by merely shifting a lever. This lever may alsrr 
be shifted to neutral to stop the  driven shaft. 

Mechanism that  Insures Changing Speeds According t o  
Successive Gear Ratios.-An ingenious application of in- 
termittent gears is incorporated in the mechanism shown 
in Fig. 6. This mechanism is designed for shifting change- 
gears axially in  a metal-spinning machine. Provision is 
made for  obtaining three different speeds and for shifting 

1 

1 I 
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the  gears into the neutral position in the order of their 
ascending and descending ratios. Only one hand-lever is 
employed for manipulating the gears. The speeds are ar- 
ranged in  geometric progression and the provision for 
changing them in accordance with their ratios was made to 
avoid clashing of the gear teeth when changing speeds 
while the machine is in operation. With this arrangement, 
the  pitch-line velocities of the gears to be engaged are so 
nearly the  same that the teeth slide readily into mesh. 

The gear-box is indicated a t  A and its cover a t  B. On the 
cover is mounted the entire gear-shifting mechanism, which 
consists essentially of the two slides C and D to  which are 
attached the gear-shifting forks E and F; the hand-lever 
G keyed to  shaft H; and the intermittent gear J, which is 
keyed to the shaft and engages the slides C and D. 

With the hand-lever in the position shown, the change- 
gears (not shown) are  in neutral. By rotating this lever 
in a clockwise direction, the two teeth in pinion J engage 
the tooth spaces K in slide C, causing the latter to move in 
the  direction of arrow L. The movement of slide C con- 
tinues until fork E slides the corresponding change-gear 
into mesh for imparting the lowest speed to the machine 
spindle. At this point, the cylindrical part of the pinion 
engages the corresponding depression M in the slide, lock- 
ing slide C in a stationary position. To obtain the next 
higher spindle speed, the rotary movement of the lever is 
continued until the teeth in gear J engage the tooth spaces 
N in slide D. Up to  this point, this slide has been locked 
in a stationary position by the cylindrical part  of the 
pinion J. 

As the lever continues to rotate, slide D is moved in a 
direction opposite that  indicated by arrow L, causing the 
fork F t o  shift another gear into mesh and thus obtain the 
second speed. The next two speeds are obtained in like 
manner-that is, by continuing the rotary movement of 
lever G in  a clockwise direction. Graduation marks on the 

gear-box cover and an  arrow attached t o  the lever hub in- 
dicate the positions of the lever for the various speeds, as 
well as the position when the gears are in neutral. I n  order 
to shift the gear to neutral when the lever i s  in the "high 
speed" position, the lever must be swung through a n  angle 
of approximately 450 degrees. However, owing to the  suc- 
cessive arrangement of the gears, their action in shifting 
is so smooth that  the lever can be shifted very rapidly be- 
tween these two points. 

Speed - Changing Transmission of Hydraulic Type.- 
Transmissions for cars driven by internal combustion 
engines must be designed to provide the  required speed 
changes, a reverse or backward motion, and a neutral posi- 
tion to  permit of stopping the car while the motor contin- 
ues to run. The transmission to be described provides un- 
limited speeds from zero to the high or  direct drive, and all 
speed changes, as well as the neutral position and the re- 
verse, are controlled by a single foot-pedal, there being no 
gear-shifting lever. 

This transmission has been tested under road conditions 
as  explained later. Fig. 7 shows a cross-sectional view, 
and Fig. 8 an  end view of the "fluid clutch" o r  hydraulic 
part of the mechanism. 

The two opposed cylinders A are attached to the engine 
flywheel, and another pair of opposed cylinders B i s  at- 
tached to shaft  D, which is offset, or  eccentrically located, 
relative to the main center line x-x. The  four pistons C, 
Fig. 8, located in the four cylinders, a r e  in the form of a 
one-piece cross with arms of equal length, located 90 de- 
grees apart ;  consequently, the two pairs of cylinders always 
rotate together and one pair is held a t  r ight angles to the  
other. 

Rotation of the cylinders and pisfme may  o r  may not be 
accompanied by a reciprocating motion of the  pistons in 
the cylinders. Such a motion will occur, due t o  the offset 
position of cylinders B and shaft D, unless the  pistom are 
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locked hydraulically so that movement is impossible. When 
the pistons are locked relative to the cylinders, the direct 
or high-speed drive is obtained. 

How Direct Drive is Obtained.-The clearance spaces 
in all cylinders and the holes through the piston arms are 
always filled with lubricating oil. If the four-way plug 
valve P, Fig. 7, located a t  the intersection of the holes in 
the pistons, is closed so that oil is trapped in each cylinder, 
any movement of the pistons relative to the cylinders is pre- 
vented. (The control of this valve by foot-lever T will be 
explained later.) 

When the pistons are thus locked, the various parts 01 
the transmission from the motor shaft to the rear trans- 
mission shaft J rotate as a unit. These parts include, in 
addition to the cylinders, pistons, and eccentric shaft D, 
the eccentric bushing E (which is keyed to  casing M and is 
free to turn with it in the main casing N), pinions G in 
casing M (which carries the pinion studs), internal gear H, 
and shaft J to which it is connected. 

During this direct drive, the axis of eccentric shaft D 
rotates around the common axis x-x of the tranemission, 
but shaft D does not turn about its own axis. a'he eccentric 
bushing E, in which shaft D is free to revolve, is forced to 
rotate about axis x-x by clhaft D. While driving direct, 
pinions G cannot rotate about their o m  axes, because on 
one side they are in mesh with the driving pinion of D, 
which is locked against rotation about ita axis, and on the 
other side they mesh with internal gear H, which offers 
resistance to rotation due to the fact tha t  i t  is coupled in- 
directly to the wheels of the car. The reault is that pinions 
G merely act as  locking members or driving keys between 
the pinion of shaft D and internal gear H. 

Reversing the Direction of Rotation.-The action of 
the mechanism during the intermediate speed changes and 
when in neutral will perhaps be easier t o  understand when 
the movement during the reverse drive is described. Valve 
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P, which was tightly closed for the direct drive, is wide 
open for reversal, thus allowing the oil to flow freely and 
permitting the pistons to reciprocate. The result is that 
eccentric shaft D now rotates about its own axis, but i t  also 
has a planetary movement about axis x-x, because when 
valve P is either partly or wide open, the eccentric bushing 
E, being keyed to casing M, is free to rotate when pinion 
gears G revolve inside internal gear H. When foot-pedal 
T is pushed down to  the reverse position, i t  first opens 
valve P and then locks gear-case M and eccentric bushing 
E against rotation by gripping the gear-case with an  ex- 
ternal brake-band. The latter action is so timed that  i t  
does not occur until valve P is wide open and foot-pedal T 
controls the action of the brake, as well as that of the valve. 
With casing M and eccentric bushing E held stationary, mo- 
tion from the motor is transmitted through cylinders A, the 
pistons, shaft D, pinions G (which now rotate about pins 
fixed in casing M),  reversing internal gear H and shaft  J. 

Transmission in t h e  Neutral Position.-If foot-pedal T, 
Fig. 7, i s  allowed to rise from the reverse to the neutral 
position, casing M and eccentric bushing E will remain re- 
leased from the brake-band and valve P will be wide open. 
The revolving cylinders A then rotate cylinders B and ec- 
centric shaft  D, which merely turns about its own axis and 
axis x-x. The rotation of shaft Dl however, is not trans- 
mitted to internal gear H and shaft J, because gear casing 
M and eccentric bushing E now are free to turn. The re- 
sult is tha t  pinions G merely rotate planetary fashion inside 
of gear H, because casing M and eccentric bushing E offer 
only slight frictional resistance to  rotation, whereas in- 
ternal gear H is coupled indirectly to the rear wheels of the 
car. 

Action of Mechanism During Intermediate Speed 
Changes.-As foot-pedal T is allowed to rise from the 
neutral position toward the high-speed position, valve P 
is gradually closed. As i t  closes, there is a proportionate 

increase in the  resistance to the flow of oil between the four 
cylinders; moreover, this resistance to the  oil flow causes 
a corresponding increase in the resistance to  the  rotation of 
D about its axis until, finally, when valve P is completely 
closed, there is no such rotation, shaft  D merely turning 
about axis x-x. However, when valve P is partially opened, 

PI;. 8 .  End Vlew, Bhowtng h n p e m e n t  of  the C ~ k d e n  md Plstons of the 
"Fluid Clutoh" 

shaft D has a planetary movement, there being rotation 
about its own axis and about axis x-x. The movement 
about axis x-x is, of course, accompanied by rotation of 
eccentric bushing E, which is forced t o  rotate by the studs 
in casing M when its pinions G revolve idly around H in the 
neutral position. 



340 SPEDCHANGINC MECHANISMS SPEED-CHANGING MECHANISMS 341 

Now when shaft D begins to  turn about axis x-x a t  an 
increased rate due to increasing the resistance of the oil, 
rotary motion will be transmitted to gear H at a rate de- 
pending upon the planetary movement of shaft D and its 
rotation about its own axis. The planetary movement in- 
creases and the rotation about the axis diminishes as valve 
P is closing. Finally, when the valve is entirely closed, 
thus preventing all rotation of shaft D about its own axis, 
pinions G act something like fixed keys that connect the 
pinion of shaft D with internal gear H, as previously men- 
tioned. 

The movement of foot-pedal T is transmitted to a sliding 
collar 2, which, in turn, slides a helical gear segment U 
that is continually in mesh with two helical pinions V keyed 
on short shafts W (Fig. 8). A quarter turn of these shafts 
can be obtained easily, a s  the gear segment slides in an 
axial direction while guided by a key to prevent rotation. 
This rotary motion of the pinion shafts is transmitted to 
the inside of the casing through oil-tight bearings. The 
elongated slots in the connecting link X allow space for the 
valve lever rolls to operate in  when the pistons are recipro- 
cating in  the cylinders. 

The car responds to the slightest touch of the foot-pedal 
without any jarring action or shocks. No trouble has been 
experienced from excessive heat generated by the compres- 
sion of the fluid, as there is sufficient radiating surface; 
this has been proved by tests on the road. The main casing 
N of the transmission is made oil-tight and should be kept 
entirely filled with some good quality lubricating oil. 

Safety valves are provided at the head of each cylinder, 
and they are set to blow a t  1500 pounds per square inch. 
In  conjunction with each safety valve, there is a sensitive 
one-way automatic check valve opening toward the inside 
of the cyIindera If a vacuum is created in the cylinders 
by the pistons due to insufficient oil as the result of leakage, 
the proper amount of oil will automatically be restored 

through the check valves. This is an  important provision, 
since the cylinders must always be completely filled to ob- 
tain a smooth, even starting torque. 

I t  is necessary to have two counterbalancing plates R and 
S, Fig. 7. One is used to counterbalance the two offset 
cylinders B, and the other to counterbalance the pistons. 
The plate R is forced to move in opposition to the cylinders 
by eccentric bushing El and the other plate S is driven by 
plate R, but it is keyed so as to slide in direct opposition to 
the pistons. 

This transmission has been applied t o  a car and sub- 
jected to various driving conditions during 1000 miles of 
road tests. While there is doubtless considerable sliding 
friction in the design shown, no difficulties have been ex- 
perienced from overheating, although continuous runs up 
to forty miles per hour have been maintained for three 
hours. Nevertheless, the mechanical efficiency can be in- 
creased by the use of ball or roller bearings, especially 
between the eccentric bushing and the main casing. Other 
changes may also be made subsequently in  the construction 
of this transmission. 

Automatic Speed Compensating Mechanism.-In re- 
cording sound on a sensitized motion picture film, i t  is 
necessary that the film have an  absolutely uniform linear 
movement through a microscopic light beam which photo- 
graphs on it electrical vibrations coming from a micro- 
phone. This film is pierced a t  the time i t  is  manufactured 
with two rows of very accurately spaced sprocket holes. 
The pitch of this spacing changes from film shrinkage- 
when the film is aged by being stored, o r  otherwise-often 
as much as one-half per cent; that is, five feet per thousand 
feet of film. When new film i s  used for  recording sound, 
sometimes there is no shrinkage at all. Most frequently, 
however, it will be found that the shrinkage amounts to 
about one-fourth of one per cent. 

Since an absolutely uniform motion of the film is neces- 
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sary for perfect sound recording, means must be provided 
to compensate for this shrinkage and thereby maintain 
synchronism between the sound record and sprocket holes, 
because the sound track record must synchronize with the 
pictures being taken by one or more cameras operated in 
synchronism with one or more sound recorders. 

Referring to Fig. 9 (view a t  the left), the sprocket A 
causes the film B t o  travel in synchronism with a film pass- 
ing through a corresponding camera, because the camera 
and sound recorder are actuated by synchronized electric 
motors. The film, after passing under the control roller C 
and over the roller Dl snugly engages the drum E and is 
thereby caused to pass, with an absolutely uniform motion, 
through a microscopic oscillating light beam coming from 
a galvanometer, as indicated by the dotted line F. 

Evidently, if the film has shrunk considerably, the periph- 
ery speed of the  drum E must be correspondingly reduced 
in such a precise manner as to maintain the required uni- 
formity in rate of film travel through the light beam. That 
is, the speed compensating mechanism about to be described 
must automatically select and maintain a speed ratio be- 
tween the sprocket A and the drum E with a high degree 
of precision for  the purpose of maintaining this uniform 
speed. 

The perspective view a t  the right in Fig. 9 shows the 
mechanism a s  seen from the side opposite to that shown by 
the view at the left. Sectional views are  shown in Fig. 10. 
By referring t o  these illustrations, i t  will be seen that con- 
trol wheel G transmits motion from the  driver H to the 
driven wheel J and drum E. The frictional contact between 
these wheels i s  maintained by a spring (not shown), which 
presses the driver H and its hinged bearing arm K toward 
the control wheel G. 

The control wheel is journaled in a gimbal mounting 
formed by the members L, M, Nj 0, and P. The position 
of the control wheel is governed by the film loop Q through 
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the control roller C, lever a rm R, spring S, control screw 
shaft T, nut U ,  and a swivel connecting with lever V. This 
lever is keyed to  the trunnion P formed on the journal bear- 
ing L that  supports the journal which i s  pa r t  of the control 
wheel G. 

Owing to this construction, a very slight change 
(1/64 inch) in the position of the control roller C causes 
a corresponding change in the position of the control wheel 
G with respect to the driver H and driven member J. The 
friction contact surfaces between G and H are ground 
spherical, with great precision. The periphery of G is 
given a slight crowning to  provide an  actual contact fric- 
tion driving surface of approximately 1/8 inch width. The 
slightest movement of the lever V tilts the  control wheel G 
about its contact points with the wheels H and J, so that  i t  
automatically engages a new friction path  that  gives a cor- 
responding change in speed ratio. Any slight wear or lost 
motion that  may occur is taken up by means of springs. 

In the apparatus, the a r m  R is 2 inches long, and a 
1/64 inch movement of the control roller C gives approxi- 
mately 1/800 turn  of the screw shaft  T, which has a double 
thread of 1/7 inch lead; consequently, t h e  axial movement 
of the nut U is approximately 0.0002 inch. This slight 
movement of the nut automatically causes a new selection 
of speed ratio, thereby giving an extremely high degree of 
refinement in speed control. A very short  time after  start- 
ing under normal operating conditions, when running uni- 
formly shrunk film, there is no appreciable change in posi- 
tion of the control roller C and its related parts. 

Many sound recorders embodying the control mechanism 
described in the foregoing have been in  successful opera- 
tion for some time. The original model was developed in 
the Schenectady engineering laboratory of the General Elec- 
tric Co. and operated daily over a period of two years, 
continually making perfect sound records without the least 
trouble. 

Fir. 10, lhaionrl Vlsws, Bhowiw how Xlnutr Bpaed Vuktloru r r s  Obtained 
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CHAPTER XI 

SPECIAL TRANSMISSIONS AND OVER-RUNNING 
CLUTCHES 

The transmissions described in the preceding chapter are 
designed to permit changing the speed of the driven mem- 
ber relative to the speed of the driver. Even when speed 
changes are not required, some special type of transmission 
o r  connection between the driving and driven members may 
be necessary because of their respective positions or to pro- 
vide for some other operating requirements. Interesting 
examples of these special transmissions will be found in 
this chapter. 

One-Way Rotation with Reversing Driver.- The pur- 
pose of the mechanism shown in Fig. l is to obtain a one- 
way rotation far the driven shaft regardless of the direction 
of rotation of the driver. In other words, the driver B 
may at any time, a t  the will of the operator, reverse its 
rotation without changing the rotation of the driven 
sprocket HI and this result has been accomplished by a very 
simple mechanism consisting of few parts, as the illustra- 
tions show. 

Gear C and sprockets B and F are mounted on and keyed 
t o  the sleeve, which is bushed and revolves freely about stud 
shaft  A. Sprocket B is driven by a reversing motor. Spur 
gear D is driven by spur gear C. Gear D, sprocket H and 
sprocket G all revolve freely on stud E. Sprocket F drives 
sprocket G. Since sprockets F and G are connected by 
chain, they rotate, of course, in the same direction. Gear 
D always revolves in an opposite direction to that of 
sprocket G. 

In  the illustration the clutch teeth of sprocket H are 
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shown in mesh with the clutch teeth of gear D. Assume 
t h a t  gear D and sprocket H are revolving in a clockwise 
direction and  that  sprocket H is to continue rotating in 
t h a t  direction. Suppose now that the rotation of sprocket 
B i s  suddenly reversed to a clockwise direction, thus caus- 
ing gear D to  revolve counter-clockwise. This change of 
motion, owing to  the shape of the clutch teeth, will throw 
sprocket H over into engagement with sprocket G,  and the 
latter, which, of course, reversed its direction a t  the same 

PI=. I. Drirea Sprocket of One-way R.namhsloa and Form of 
Clutch Teeth U8ed 

time as shaft  B will now be rotating clockwise, which is 
the  direction desired for sprocket H. 

Why a reversal of motion causes sprocket H to shift 
from engagement with the gear over into engagement with 
the sprocket will be apparent by referring to the detail 
view Fig. 2, which shows this sprocket and the gear clutch. 
When this  clutch (which is a duplicate of the sprocket 
clutch) is driving the sprocket, the under-cut surfaces of 
t h e  clutch teeth are in engagement, but when the rotation 
of the driving clutch member is reversed, the tapering sur- 

faces J act against the corresponding tapers K on the 
sprocket, thus exerting a wedging or cam action which 
thrusts the clutch over into engagement with the opposite 
side. 

When this shifting of sprocket H occurs, it is evident 
that the tops or  lands L of the clutch teeth might strike 
the tops of the teeth, say, on sprocket G instead of entering 
the spaces between the teeth. If this should occur, there 
would be a serious wedging action between gear D and 
sprocket G, because the width of the clutch part of sprocket 
H is somewhat greater than the clearance space between 
the clutches on gear D and sprocket G .  If such wedging 
action should occur, however, i t  would be relieved instantly 
by the lateral movement of gear D, which is free to shift 
against the action of spring M. This relieving movement 
would be followed quickly by the return of D to its normal 
position as  the clutch on sprocket H snaps into place. The 
machine on which this device is used consists of two con- 
veyors driven by one reversing motor. One conveyor is  
reversed a t  the  will of the operator, .and the other must 
travel in one direction only. This mechanism has been 
fully covered by U. S. letters patent. 

Gearless Transmission for Angular Drives.-An unu- 
sual form of transmission for shafts located a t  an angle is  
shown by the diagram, Fig. 3, which includes a side view 
and an end view. Motion is transmitted from the driving 
to the driven shaft through rods which are bent to conform 
to  the angle between the shafts. These rods are located in 
holes equally spaced around a circle, and they are free to 
slide in and out as  the shafts revolve. This type of drive i s  
especially suitable where quiet operation a t  high speeds is 
essential, but i t  is only recommended for light duty. 

The operation of this transmission will be apparent by 
following the action of one rod during a revolution. If we 
assume that  driving shaft A is revolving as indicated by 
the arrow, then driven shaft B will rotate counter-clock- 
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wise. As shaft A turns one-half revolution, rod C, shown 
in the inner and most effective driving position, slides out 
of both shafts A and B during the first half revolution, and 
rod C will then be a t  the top; then during the remaining 
half, this rod C slides inward until it again reaches the in- 
nermost position shown in the illustration. In the mean- 
time, the other rods have, of course, passed through the 
same cycle of movements, all rods successively sliding in- 
ward and outward. 

I%. 8. Qmrleu Rrnrmkslon Connbthr of 8haft. Connected by Bod. 
which Slide in a d  out u the 8hrfta Barolre 

Although this transmission is an old one, many mechan- 
ics are skeptical about its operation; however, it is not only 
practicable, but has proved satisfactory for various ap- 
plications, when the drive is for shafts located permanently 
a t  a given angle. Although the illustration shows a right- 
angle transmission, this drive can be applied also to shafts 
located a t  any intermediate angle between 0 and 90 de- 
grees. 

One application that proved successful was on a special 
multiple-spindle drilling machine for drilling meter cases. 
This machine had between thirty and forty spindles 

equipped with small drills which revolved at 1500 to 1800 
revolutions per minute. This transmission was used to re- 
place universal joints consisting of forked ends, each of 
which was pivoted by means of screws to a connecting 
block. These universal joints rapidly deteriorated, but the 
sliding rod transmission proved durable and quiet. 

In making this transmission, i t  is essential to have the 
holes for a given rod located accurately in  the same relative 
positions in each shaft; all holes must be equally spaced 
both in radial and circumferential directions. The hoIes 
in each shaft must also be parallel to  each other, and each 
rod should be bent to the angle a t  which the shafts are to 
be located. If the holes drilled in the ends of the shafts 
have "blind" or closed ends there ought to be a small vent 
hole at  the bottom of each rod hole for  the escape of air  
compressed by the pumping action of the rods. These holes 
are also useful for oiling. To avoid "blind" holes, the shafts 
may have enlarged ends with holes extending clear through 
the enlarged part or shoulder. This transmission may be 
provided with a central rod, located in line with the axis 
of each shaft and provided with a circular groove a t  each 
end for a cross pin to permit rotation of the shaft about 
the rod, the central rod simply acting a s  a retaining device 
for shipping or handling purposes. 

Changing Relative Positions of Two Revolving Shafts.- 
The relative positions of two revolving shafts may be varied 
while in operation by the mechanism shown in Fig. 4. The 
speed ratio between shafts A and B is  constant, but the 
relative rotative positions of the two shafts can be varied 
by means of the worm H and the worm-gear M. This mecn- 
anism is used in a wire-forming machine on which the tim- 
ing of one section of the machine must be changed relative 
to the timing of another section. 

The driving shaft B, supported by bearings D and E, 
carries the gear J ,  which is keyed to it. Bracket F is free 
on shaft B, and carries the stud N, which supports gears I 
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and K. The two latter gears are free to rotate as a unit. 
Gear L is keyed to shaft A,  which is supported by bearing 
C. Each of the gears K and L have 18 teeth, while gears I 
and J have 24 and 12 teeth, respectively. 

Power is transmitted from shaft B through gears J, I, K, 
and L to shaft A a t  a 2 to 1 ratio in the same direction. 
Worm H is keyed to shaft G, which is supported on the 
upper end of bearing E. Shaft G carries a handwheel (not 

with gear J, will be rotated on stud N a s  an  axis in the ratio 
of 2 to 1. As the axes of shafts A and B coincide, gear K 
rotates around shaft A. 

If gear K were independent of gear I it would revolve on 
stud N as an axis in the ratio of 1 to 1 with shaft A, but 
as gears I and K are fixed together, and must revolve as  a 
unit a t  a ratio of 2 to 1 with shaft B, gear L will be revolved 
in the reverse direction. The ratio of rotation between 

Fly, 1. Mo[scb.nI#m for Varytar BdlatIve Botatlre Posttlon~ of Drl- 
md Driran Shafts 

shown) on one end, by means of which the worm is rotated. 
Worm H meshes with the worm-gear M on bracket F, caus- 
ing the latter to rotate on shaft B when the handwheel on 
shaft G is turned. In Fig. 5, the dotted outlines of bracket 
F and gear I show the rotative movement around shaft B 
produced by the action of worm H and worm-gear M. 

A better understanding of how the change of timing be- 
tween shafts A and B is accomplished may be had by as- 
suming these shafts to be stationary. Then, as  bracket F 
is caused to rotate on shaft B as an axis, gear I, meshing 

Fir. 8. End View of T h h r  Yoahanlsm Illustrated In FL.. I 

gears K and L will still be 1 to 1, but each of the gears will 
revolve one-half turn in opposite directions. As gear L is 
keyed to shaft A, the latter must revolve with it. Under 
actual operating conditions, the effect is merely that of a 
gear train until the handwheel is turned, a t  which time 
shaft A is advanced or retarded a s  the bracket F is rotated 
forward or backward. 

Changing Angular Velocity of Driven Member Twice 
During Each Revolution.-The velocity-changing mechan- 
ism to be described is incorporated in a hat-finishing ma- 
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chine. The finishing of the hat is done by a pad faced with 
sandpaper. This pad automatically travels from the top 
o r  center of the  hat to the band while the hat is being re- 
volved. An automatically controlled oscillating movement 
is also imparted to the finishing pad. The oval rotary mo- 
tion mechanism referred to is required in order t o  keep the 
work in proper contact with the finishing pad. 

Now, in order to finish the hat evenly all over, i t  is neces- 
sary  to vary the  angular velocity of the chuck on which the 
hat  is mounted. If the spindle were revolved a t  a uniform 
speed, the front and back portions of the crown would be 
over-finished and the sides under-finished as a result of the 
difference in surface speed caused by the oval shape of the 
work. It is the  purpose of the mechanism shown in Fig. 6 
to  increase the speed of rotation of the spindle as  the front 
and back surfaces pass under the finishing pad. 

As the  oval head revolves, the quarter sections between 
the side and end portions must lift the working pad 
3/4 inch in one-quarter revolution, thus increasing the pres- 
sure on the pad. As i t  passes from the end portion to the 
lower side, the pad drops 3/4 inch in one-quarter revolution, 
and this falling action gives less pressure on that  portion. 
The oval head mechanism so acts that all portions of the 
section of the body with which the pad is in contact are 
raised t o  the same plane. 

The same oval shape condition makes necessary the use 
of the differential angular velocity mechanism. The curva- 
tu re  of the end portions is sharper and the contact area of 
the pad on the hat is, therefore, less on these portions and 
the intensity of pressure greater. The side portions, being 
flatter, a re  subjected t o  less pressure by the pad. This 
condition would result in cutting the ends faster than the 
sides if the differential angular mechanism did not move 
the ends more quickly under the pad, the change in velocity 
being adjustable to suit the shape of hat. 

The block that  carries the hat is revolved by the spindle Fir. 8. Yoohnlur~ whioh I n m u m  m d  Deare.mem A n r u l u  Vcloaltj of r Shaft M a e  Dwlng 
Erch Rerolutlon 
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C which extends through the machine frame a t  the right. 
By means of the control lever S, the spindle C can be con- 
nected directly with the driving pulley A so that  i t  will run 
at the same speed, which might be required in finishing the 
band of a cylindrical or perfectly round hat. By moving 
the  control rod S in the opposite direction, the variable 
velocity mechanism is brought into action. This mechan- 
ism causes spindle C to make one complete revolution to 
every four revolutions of the driving pulley A. 

By means of the velocity-changing mechanism, the angu- 
lar  velocity of spindle C can be increased and decreased 
twice during one complete revolution. This change in 
velocity is  synchronized with the oval motion mechanism, 
so that a uniform finishing effect is obtained. The amount 
of variation in the velocity is controlled by the cam-operated 
plate P which is actuated by the same cam that controls the 
oval motion mechanism. 

Operation of Mechanism for Changing Angular 
Velocity.- The operation of the mechanism may be de- 
scribed by following the drive through from the pulley A to 
the  spindle C, Fig. 6. Passing through a slot or opening in 
the push-rod M is  a clutch finger N which is securely locked 
in  the push-rod by the pointed rod 0. Corresponding with 
the clutch finger opening in the push-rod are similar open- 
ings in the spindle C through which the clutch finger N 
freely passes. 

When the push-rod M is moved backward by the control 
rod S, the clutch finger N engages the clutch face of the 
pinion B. The spindle C, through this contact, is driven a t  
t h e  same speed and in the  same direction as the pinion B 
and i ts  driving pulley A. When operating in this manner, 
t h e  gear D, pinion H, and gear I all rotate on their free 
bearings and do not have any effect on spindle C. 

When the push-rod M is pulled forward by rod S, the 
clutch finger N is disengaged from pinion B and engages 

the clutch face of gear I which then drives the shaft C.  The 
drive is now transmitted through the pinion B to gear D, 
through link J to  pinion H and thence t o  gear I a t  a reduc- 
tion in speed of four to one as compared with the direct 
drive from the pulley A. 

The gear D is mounted on the stud E secured t o  the sleeve 
member F, which can be swung about the  hub bearing on 
the cover plate T. When the stud E is in axial alignment 
with stud G, gears H and D have the same speed and this 
speed is constant. The slide P has a n  angular slot in it 
which fits over the slide shoe Q on stud E and serves to 
move stud E of gear D out of alignment with the stud G in 
accordance with the movement imparted to rod R by the 
cam that  also controls the oval mechanism. 

In  Fig. 7, angle x and dimension y indicate the amount 
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of "out of line" adjustment between the studs E and G. 
This adjustment is varied automatically from zero, when 
the finishing pad is a t  the top or center of the hat crown, 
to the maximum amount, when the finishing pad reaches 
the band of the hat. It is this changing of the axial rela- 
tion of gear D and pinion H that  controls the differential 
velocity. The diagram to the right will help make clear 
how the changing of the relative angular positions of the  
studs L and K and their connecting link J produces a varia- 
tion in the velocity of the driven pinion H. 

The change in angular velocity occurs once in each revo- 
lution of pinion H, but since pinion H makes two revolu- 
tions for each one of driven gear I, the change in the angu- 
lar velocity of the latter gear and its spindle C occurs twice 
during each revolution. By changing the linkage connec- 
tions between the cam and plate P, Fig. 6, i t  is possible t o  
control the amount of variation in angular velocity. A seg- 
mental circular opening is provided in the  lower portion of 
the cover plate T to allow sleeve F to  swing on i ts  hub bear- 
ing. The link J has no center bearing, and is held in posi- 
tion by the two drive pins K and L. The pin L projects 
from the inner face of gear D into a hole in link J .  The 
pin K is made eccentric for convenience in assembling, but 
i t  would be possible to use a straight pin, a s  f a r  a s  the op- 
eration of the mechanism is concerned. 

Intermittent Motion Converted to a Constant Drive.- 
All moving projectors are  equipped with some sort of in- 
termittent device to cause the film s t r ip  to dwell at every 
picture. This i s  necessary, because running the film through 
the projector a t  a constant speed would result in  a blur on 
the screen. With the advent of the "talkies," however, this  
motion had to  be reconverted to  a steady drive for the film 
strip while i t  passes through the sound-producing attach- 
ment, as otherwise the latter would not function correctly. 
This was done in one instance with the arrangement shown 
in Fig. 8. 
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The intermittent motion is transmitted to disk A through 
bevel gearing. This disk is equipped with two studs B 
which pass through elongated slots in the web of the fly- 
wheel C and are connected to two studs in the flywheel web 
by coil springs. The shaft Z is keyed to the flywheel. The 
intermittent motion transferred to  disk A will be absorbed 
through the combination of the coil springs and the fly- 

Fb. 0. Detioa fbr Ellrnlnathg Lost Xotlon In O u r  Tutb  

wheel, resulting in a constant speed for the shaft 2, which 
is the drive for the sound-producing attachment. 

Double Gear for Eliminating Lost Motion in Gear Teeth.- 
In devices where gears are used, such as those operating 
graduated dials, i t  is often desirable to eliminate all lost 
motion resulting from wear occurring between the gear 
teeth. The  gears shown in Fig. 9, which are  only recom- 
mended fo r  light transmissions, impart motion to  a dial 
indicator tha t  must register in both a clockwise and a coun- 

ter-clockwise direction. I t  is obvious tha t  any pIay in the  
teeth of the gears would produce inaccuracies in the  dial 
readings. 

The driving gear E meshes with both the  gears B and C ,  
the latter being fastened to the shaft D. In  both gears B 
and C are drilled holes F for the springs A. One end of 
each spring is secured to gear B and the  other end to  gear 
C. The thickness of the teeth in both these gears is less 
than that  of the driving gear E, so t h a t  normally, there 
would be considerable play between t h e  meshing teeth. 
However, owing to the tension of the springs A the teeth 
in gear C are  advanced ahead of those in  gear B and serve 
to fill the tooth spaces in the driving gear. In  this way, a s  
wear occurs, i t  is obvious that  all lost motion in  the gear 
transmission is eliminated, and that  no matter in which 
direction the gears are run, there will be no play between 
the teeth nor inaccuracy in the dial readings. 

Over-Run Pawl Clutch to Permit Accelerating Driven- 
Shaft Speed.-The pawl clutch shown in  Fig. 10 has been 
used very successfully in machines having camshafts o r  
feed-screws which must be driven a t  accelerated o r  high 
speeds a part of the time. The low-speed shaft  S drives 
the high-speed shaft H under normal operating conditions 
through the ratchet wheel A and pawls G of the collar K, 
which is keyed to  the high-speed shaft. When the speed of 
shaft H is to be accelerated, a clutch mechanism, not shown, 
is engaged, and this drives the high-speed shaft a t  the ac- 
celerated speed through gearing connected with shaft  H by 
gear J. The arrangement of the over-run clutch is such 
that i t  permits shaft H to be operated at the higher rate of 
speed without affecting the speed of shaf t  S. 

Referring t o  the construction of the clutch, ratchet wheel 
A is keyed to shaft  S. The pressure disk B is a sliding fit 
on shaft S, and is driven by ratchet A through pins C .  The 
tension springs D tend to force the pressure disk B inward 
toward the ratchet wheel. Between disk B and the ratchet 
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wheel are fiber drag-plugs F, which are set in holes in the 
ways of the pawls G. Behind the pawls are stop-pins P 
which keep the drag-plugs from swinging through too large 
an arc and thereby becoming entirely disengaged from the 
disk and the ratchet wheel. When the high-speed clutch is 
tripped and the gear J is driven a t  a higher speed than the 
ratchet wheel A, the pawls G are disengaged, and the plugs 
F, which then drag between the pressure disk and the 
ratchet wheel, cause the pawls to swing clear of the teeth 
in the ratchet member. The pawls remain in this disen- 

SECTION X-X 

Plr. 11. Automatlo Btartlnr and Over-runnlnr Clutoh 

gaged position until the high-speed clutch is disengaged, 
at  which time the drag on the plugs F is reversed, causing 
the pawls to be drawn down into engagement with the teeth 
and the ratchet wheel again. 

Centrifugally Operated Starting and Over - Running 
Clutch.- In Fig. 11 is shown an automatic starting and 
over-running clutch of the centrifugal type. It consists of 
the driven housing A, in which rotates the driving clutch 
member B. Three cavities C are milled in member B to  
accommodate the three sliding weights D. To one of these 
weights is riveted the spring steel band E. Over the steel 
band and riveted to it is the brake lining material G. A t  H 
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i s  a steel thrust  washer, while a t  J is a retainer plate for 
keeping both halves of the clutch assembled. 

The operation of the clutch is as follows: As the clutch 
is rotated by the driving member B, centrifugal force 
causes the weights D to move outward. This, in turn, ex- 
pands band E, forcing the brake lining into contact with 
t h e  inner surface of housing A. As long as the speed of 
driver B is maintained or increased, the gripping force is 
also maintained or increased, but the moment i t  is reduced, 
either from the slowing up of the driving force or because 
of resistance set up in the driven member, the sliding 

weights a re  forced inward by the spring band E,  immedi- 
ately disengaging the clutch and allowing half of the clutch 
t o  slip upon the other half. If the driving force is entirely 
cut  off, the  clutch disengages, allowing the driven half to 
over-run until it comes to rest. 

Simplicity of construction and a large contact area are 
advantages of this clutch. I t  should be noted that the effec- 
tive gripping power can be increased without increasing 
the  diameter by merely lengthening the clutch. I t  should 
also be noted that, for a given velocity, the force exerted 
is proportional to the mass of the weights D, so that  the 
larger the housing of the clutch. the greater will be the 
gripping force. This type of clutch can also be made in 

the form of two halves of a brake-shoe, a centrifugal weight 
being used to force the two halves apart. However, this 
type of construction would involve a problem of dynamic 
balancing. 

Fig. 12 shows the same type clutch employed in the re- 
verse manner. Here the housing A serves as the driver, 
the driven member being the housing B, which is caused 
to rotate when the clutch collar C is forced over the pins D. 
These pins, of which there are three, force the connector 
pin E against the three steel balls F. Pins can be used in 

Fig. 19, Over-~nnins  Clutch wlth Toggle-aduatad Shoe8 

place of the balls, if desired. The balls F force the  three 
equally spaced sliding blocks G outward, causing the spring 
steel band H to expand, so that the brake lining material J 
will grip the outer housing, thus connecting the driving and 
driven members. The screw-pin is for the purpose of con- 
necting the shaft  collar C to the housing B, while the ball 
spring arrangement is provided to hold the shaft collar in 
either the open or the closed position. 

Toggle Type of Over-Running Clutch.- An over-run- 
ning clutch employing the toggle joint principle for obtain- 
ing the required locking action is shown in Fig. 13. I t  
consists of the spider A having three milled slots spaced 
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120 degrees apart, the outer casing H, and the toggle levers 
D. At points B, which a re  slightly offset from the center 
lines of the slots, are milled semicircular recesses which ac t  
as seats for the  toggle levers D. The shoes E are  made 
slightly smaller than the width of the slots and have an 
outside diameter equal to the diameter of the spider A. 
Seats are milled in the rear sides of the shoes for the toggle 
levers D. The flat springs C, fastened in  the slots in the  
spider, tend to  keep the shoes E in contact with the inside 
of the outer casing H. A retainer plate J ,  held in place by 
screws, keeps the members of the clutch assembled. 

The operation of the clutch is similar to that  of any free- 
wheeling clutch. The toggle levers D are  set a t  a s  slight a n  
angle as possible, making due allowance for wear on the  
shoes E. After the shoes become worn, the faces L a r e  
machined or cut  back. When the shoes have been cut back 
so that the toggles D become ineffective they are  replaced. 

Air-Operated Clutch for Two-Speed Drive.-The speed 
of a shaft that  drives the feeding and indexing mechan- 
ism of a multiple-spindle drilling machine must be increased 
from 2.13 to 15 R.P.M. to permit indexing in 1 2/3 seconds. 
This speed change is controlled by a cam-operated, four- 
way air  valve and an  air-operated clutch which alternately 
engages the high- and low-ratio gearing. 

Starting and stopping of the machine is controlled by 
hand-operated clutch Q (Fig. 14) which connects or dis- 
connects gear P with shaft E. The main shaft A drives 
the feeding and indexing mechanism only. When the ma- 
chine is drilling and the feeding mechanism is in operation, 
motion is transmitted from shaft E to  A through the low- 
speed gearing C and F, as a result of the  engagement of 
clutch B with gear C. When an  indexing movement is re- 
quired, clutch B is automatically shifted into engagement 
with gear D, thus driving shaft A through gears D and G 
and increasing the speed t o  15 revolutions per minute, so 
that the indexing will be completed in the allotted t ime; 
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then the clutch is shifted back automatically to the feeding 
position. 

Clutch B is shifted by means of compressed a i r  acting 
against a piston which is within cylinder L and is con- 
nected t o  clutch yoke M. The admission and exhaust of 
the  a i r  t o  and from cylinder L is controlled by a cam J act- 
ing in conjunction with a four-way valve H. This valve 
connects with the main air  line, and there are two 3/8-inch 
pipes R leading from it, provided with reducing bushings 
t o  fit the small tubes connecting with each end of the a i r  
cylinder L. When cam J ,  which is attached to  shaft  A ,  
moves in the direction of the arrow, i t  comes into contact 
with end K of the air valve operating lever, thus admitting 
a i r  to  the left-hand end of the cylinder and exhausting it 
from the opposite end. The result is that  clutch B is thrown 
into engagement with gear D, as the illustration shows. 
This high-speed drive of 15 revolutions per minute contin- 
ues until cam J engages end K1 of the lever, thus admitting 
a i r  t o  the right-hand end of the cylinder and exhausting i t  
from the left, which throws the clutch into engagement with 
gear C. An a i r  pressure of 80 pounds per square inch is 
carried in  the main line, and the total pressure exerted 
against the  piston in cylinder L is about 98 pounds. 

CHAPTER XI1 

SELF-CENTERING PIVOTED LEVERS AND 
SLIDING MEMBERS 

It is sometimes necessary or  desirable t o  provide certain 
machine elements with mountings that  will permit them t o  
be deflected from o r  forced out of their normal positions 
by other parts of the machine. Usually such elements must 
be so designed or  equipped that  they will return automat- 
ically to their normal positions when the  deflecting forces 
are removed. The term "self-centering" is used in refer- 
ence to the devices shown in Figs. 1 and 2, because they 
serve to return the elements to  their central or normal 
positions when the deflecting force is removed. Probably 
the most familiar example of a self-centering device is the  
spring-actuated control rod employed to operate a dog-tooth 
clutch. With this type of clutch, the two members may not 
be in the correct angular relation to  permit them to engage 
when the control lever is thrown over. Under these condi- 
tions, i t  is the function of the self-centering spring-actuated 
control rod to yield and permit the clutch lever t o  be thrown 
over without unduly straining the mechanism, causing the  
two parts of the clutch to  engage as soon as  they are  in the  
proper positions. 

Another application of self-centering devices is to  t h e  
control levers of power-operated machines. F o r  such ap- 
plications, the lever is normally held in the neutral o r  
central position by the self-centering device, and is returned 
to  this position automatically as soon a s  i t  is released by 
the operator. Manual operation of the lever in one direc- 
tion or  the other places the machine either in forward o r  
reverse motion, and its release causes t h e  machine t o  stop. 
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Self-centering Devices for Angular Movement.-The at- 
tachment of a weight, pendulum fashion, as shown a t  A, 
Fig. 1, is one of the simplest examples of a self-centering 
device having a n  angular movement. A device cf this kind 
may be used for a lever having a range of movement of 
20 degrees each side of the vertical center line. This type 
of self-centering device, however, may be objectionable on 
account of the inertia introduced by the weight. Another 
objection is that  the weight offers little resistance to  angular 
movements of small amount, as the self-centering force is 
zero a t  the central position. Still another objection is the 
tendency of the weight to oscillate after displacement. 

The device shown a t  B is similar to the one at A ex- 
cept that  spring tension is substituted for the weight. This 
type of self-centering device is often used and is fairly effec- 
tive for some purposes. The self-centering effect, however, 
i s  zero a t  the mid-position of the lever, and effective center- 
ing forces are not developed until a considerable angular 
movement of the lever has taken place. The lever also has 
a tendency to vibrate after  the decentralizing forces begin 
t o  act. I n  practice, short stiff springs are usually employed, 
which cause a heavy pressure to be exerted on the bearings 
o r  pivots of the lever. 

The self-centering device shown a t  C typifies approvd  
practice. Two clip levers pivoted about the boss of a lever 
a re  employed in  this device. A pin carried by the lever is 
gripped between the two clip levers with a force depending 
upon the initial tension of the spring connecting the ends 
of the clip levers. Another pin of the same width as that 
on the lever is fixed to the stationary framework of the ma- 
chine and interposed between the two clip levers. The re- 
sult is that  no movement of the lever in either direction can 
take place without forcing the clip levers apart  against the 
resistance of the spring. The majority of self-centering 
probIems involving angular movement can be solved by the 
application of the principles embodied in this device. 

Self-centering Device Applied to Electric Switch.-The 
self-centering device employed on a rotary snap-action elec- 
trical switch is shown a t  D, Fig. 1. The principle on which 
this centering device operates is similar t o  that  of the device 
shown a t  C. I n  this case, a C-shaped spring is used to  force 
the clip levers together, as the angular movement is only a 
few degrees. The centering forces are  equal in both direc- 
tions of angular movement in the devices shown at C and D. 

It is sometimes desirable, however, t h a t  the decentering 
forces be more strongly resisted in one direction than in 
the other. A modification of the design shown a t  C t o  meet 
this requirement is illustrated a t  E. The unequal tension is  
obtained by employing two separate springs of unequal 
strength for the two clips. As the springs a re  anchored 
to the machine framework, i t  is a simple matter to provide 
them with means for  adjusting the tension. 

The designs shown a t  C and E have proved highly satis- 
factory in general practice, but when absolute precision in 
the self-centering action is necessary, t h e  type shown a t  F 
is preferable. With the designs shown a t  C and E, any 
difference in the size of the two pins located between the 
clip levers will result in lost motion, whereas the design 
shown a t  F is free from this possibility. 

In  this design, one of the clip levers i s  dispensed with, 
and a spring is used t o  pull the main lever and the clip lever 
together. This provides a definite self-centering action 
without the possibility of the slightest lost motion, and has  
been successfully employed in the design of a shock absorber 
in a train of gearing connecting a gun t o  its elevation indi- 
cator. Under the shock of the recoil of the gun, the device 
yields, but immediately regains its proper position with 
respect to the indicating pointer. In  th is  application, any 
lost motion would destroy the accuracy of the elevation 
indicator. 

Roller and  Spiral Cam-Operated Centering Device.- 
In the case of the self-centering device shown a t  G, Fig. 1, 
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the actuating forces are  applied to the lever by a roller 
which is pressed into engagement with a spirally shaped 
cam through the action of a coil spring. The arrangement 
is similar to that  of the "zeroizing" cam lever used in stop 
watches. By shaping the cam curves properly, any desired 
variation in the centering force can be obtained from the  
spring that  presses the roller radially inward. A heavy 
pressure on the roller and the lever bearings would result if 
the pitch of the spiral cam were made small in order t o  
secure a wide range of angular movement, and in such a 
case, i t  would be advisable to  use ball bearings fo r  the  roller 
and for the lever bearings. 

Another design, consisting of two a r m s  extending in op- 
posite directions and carrying rollers t h a t  are subjected t o  
spring pressure from a radially sliding T-shaped piece, is 
shown a t  H. When the main lever is in the  central position, 
the T-shaped piece exerts an  equal pressure on both rollers. 
Angular movement of the lever in either direction results 
in one or the other of the rollers depressing the T-shaped 
piece against the action of the spring. 

At  J is shown a design similar to tha t  a t  H, except tha t  
the rollers are omitted and a pivoted lever is used in place 
of the T-shaped piece. When there is a limited amount of 
space directly below the lever, this design may be used t o  
advantage. The devices shown a t  G, H, and J possess one 
feature that  is often desirable, namely, they permit the 
self-centering action to be rendered inoperative when de- 
sired by forcing the centering T-shaped piece or  lever out 
of contact with the main lever. 

At K is shown an interesting, effective and extremeIy 
simple self-centering device. There is no lost motion in 
this type, and i t  can be arranged to give equal or unequal 
resistance to movement in either direction. It requires but 
one actuating spring, which can be readily provided with a 
tension adjustment. 

The device is simply a flat connecting-rod slotted a t  each 
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end, one slot being engaged by a pin on the lever, and the 
other slot by a pin secured to the machine framework in a 
fixed position. The spring is fastened to the connecting- 
rod and t o  the lever. If the upper end of the spring is con- 
nected a t  a point midway between the fulcrum of the lever 
and the connecting-rod, the self-centering forces will be 
equal in both directions. If the upper end of the spring is 
moved nearer the lever fulcrum, the self-centering force 
opposing clockwise rotation of the lever will be reduced, 
while the force opposing anti-clockwise rotation becomes in- 
creased. The action of this design is illustrated by the 
model shown a t  L. Three pins, a cardboard lever, a piece 
of wire, and an elastic band suffice to provide this working 
model of the device. 

Self - Centering Devices of t h e  Sliding Type.-One of 
the earliest types of sliding self-centering devices is shown 
a t  A, Fig. 2. The centering forces are supplied by two 
springs acting in opposite directions on the sliding mem- 
ber. When flexible springs are used, the centering or  posi- 
tioning action is rather indefinite with this type of device, 
especially if the springs are flexible. The position of the 
sliding member depends upon the value of the force o p  
posing the  self-centering springs. 

At  B is shown what may be considered the usual or  stand- 
a rd  practice in the design of self-centering sliding members. 
In  this case, the springs apply the centering pressure to  
washers placed on each side of a collar located on the sliding 
spindle. The inner sides of the washers engage the sides 
of a member that  projects from the machine frame. Any 
vertical movement of the sliding member is resisted by the 
projecting member on which one of the two springs acts. 

The springs may exert equal or unequal pressure on the 
collars, a s  desired. When an equal resistance in either direc- 
tion is desired, the design is frequently modified, a s  shown 
a t  C, so that  only one spring is required. 

Methods of Eliminating Lost Motion.-Unless the dis- 
tance between the faces of the washers employed in the 
sliding self-centering device is equal t o  the corresponding 
distance between the faces of the projecting members, lost 
motion will occur. Where the possibility of the slightest lost 

motion must be eliminated, i t  is better to use a device of the 
type shown a t  D, Fig. 2, in which the upper collar is pinned 
t o  the sliding member. In this design, the  sliding member 
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is mounted within a sleeve which is pressed upward against 
a projecting member on the machine frame by a spring. A 
depressing movement of the sliding member carries the 
sleeve with it. On the upward movement of this member, 
the sleeve cannot follow, and the sliding member rises out 
of the sleeve against the pressure of a second spring that 
acts between the two parts. With this arrangement, no 

Fir. 9. Oberkln h t o h  U8ed on EleoMoll Equipment 

lost motion is possible and the centering action is precise. 
The device shown a t  C is commonly employed in the de- 

sign of spring-actuated connecting-rods used in dog-clutch 
control link work and for similar purposes. At E is shown 
a typical connecting-rod of this class. 

A t  F is shown a design, similar to t h a t  illustrated a t  D, 
which is intended for use where the possibility of the slight- 
est lost motion must be eliminated. I n  this design, both 
springs are of the same size and provide equal resistance 
to either compression or extension of the connecting-rod. 

Gherkin's Latch.-Fig. 3 shows a mechanism which is 
known as a "Gherkin's latch" which is used in conjunction 
with certain types of centering devices. This latch con- 
sists of a handle A which is  mounted on shaft B. The 
handle has a projecting boss E which engages with t h e  
latch C that is pivoted on the pin D. The pin D is carried 
by the case G and the movement of the latch is limited by a 
second pin F. This latch is so constructed that, when the  
handle is moved slowly to the left, the latch will prevent 
the handle moving beyond the notch N; but if the handle 
is moved over to  the extreme right-as shown dotted in the  
illustration-and then thrown quickly in the  opposite direc- 
tion, the boss E on the handle wiIl leave the  top of the in- 
cline 0 on the latch with sufficient speed to enable i t  t o  
jump across the notch N, in which case the  handle will come 
to rest in the position marked 0, which i s  the  running posi- 
tion. The pin R riding on the surfaces H will lock the  
handle in the cavity J when the action of the centering 
spring becomes effective. In this way, the handle is se- 
curely held in the central or off position. 

Applications of Gherkin's Latch.- This latch may be 
used in connection with either of the centering devices 
shown in Figs. 4 and 5. The centering spring has one end 
attached to the shaft B of Fig. 3 and the opposite end to the  
case G. Referring t o  the illustration of the centering 
spring, or  so-called "cross-legged spring" shown in Fig. 4, 
i t  will be seen that  a coiled spring A is employed to connect 
the shaft B with the case. The effectiveness of this spring 
is dependent on the following conditions: first, that  t h e  
ends cross each other in a line which is  perpendicular t o  
the horizontal axis of the spring; second, tha t  the ends of 
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the spring extend far enough above the outside of the coils 
to enable a pin or bar C and a fixed boss D to be inserted 
between these two ends. The pin or bar C is carried by 
the crank E, which, in turn, is carried by the shaft B of the 
mechanism shown in Fig. 3. An arm G or some other 
means provides for transmitting the motion so that when 
the shaft B is moved in either direction the cross-legged 
spring will be put in tension by having one end turned 
through the action of the pin C. This spring tension pro- 
vides for returning the arm G and the shaft to which it is 

Firm. 4 m d  I. Two Form, of Centerlnr Dodo- tlut msy k Vnd 
with r Oharkin Lrtoh 

secured to the central position when the action of the spring 
becomes effective. A very simple centering device is illus- 
trated in Fig. 5, the only difference from the preceding type 
being that two separate springs are employed in this case. 
One end of each of these springs S is secured in a slot in 
shaft B, while the other end is held by the flxed pin C. When 
shaft B is turned in either direction, one of these springs 
is put under tension and this spring tension provides for 
returning the shaft to  the central position when the action 
of the spring becomes effective. Two modifications of this 
design are shown in the lower corners of this illustration. 

Miscellaneous Types of Centering Devices.- Another 
form of centering device is illustrated in Fig. 6. Referring 

to this illustration, i t  will be seen that there is a bracket A 
which supports a pivot B and a pin C. Two arms D and E 
are mounted on the pivot B, on which they are free to swing. 
On the ends of the arms are projections F and G which are 
secured to opposite ends of the spring S. These projec- 
tions F and G also engage with bosses J and K on the mov- 
ing member H. This moving member is carried by the pin 
C, upon which it is free to swing. Assuming that the mov- 
ing member H is rotated in a clockwise direction, the center- 
ing device will assume the position shown. The arm E is  
held against the pin C ,  while the boss G on the arm D en- 
gages the boss K on the movable member H. Further rota- 

Figs. 6 and 7. h o  Tip.. of Daublevm C+ntsr(nt Deriou 

tion of the member H will compress the spring S and this 
will return the movable member to the central position when 
the action of the spring becomes effective. If the movable 
member H is rotated in a counter-clockwise direction, the 
action of the centering device will be exactly reversed, the 
arm D being held by the pin C while the boss F on the arm 
E engages the boss J on the movable member H, thus caus- 
ing the compression of the spring S. 

In the centering device shown in Fig. 7, the frame A 
is provided with a stop B and two pivots C and D. Two 
arms E and F are mounted on the pivot C, these arms be- 
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ing free t o  swing and provided with projections G and H at 
their upper ends. When the centering device is in its nor- 
mal position, both of the projections G and H are  in contact 
with the stop B, owing to the action of the compression 
spring S which forces the lower ends of the arms in op- 
posite directions. I t  will be seen that the movable member 
J is mounted on a pivot D and provided with a projecting 
lug K on its lower side. This lug engages with the projec- 
tions G and H, and when the member J is rotated in either 
direction, i t  swings one of the arms about the pivot C and 
compresses the spring S. When the action of this spring 

F h  8 md 8. T a o  b a a  of Canterinr Dwica In whloh SUdlag 
a n t r o t  of the Control Arrm 1. Employed 

becomes effective, i t  returns the arm to the normal position; 
and the projection a t  the upper end of the arm acts on the 
lug K, causing the movable member J to be returned to the 
starting point. 

The centering device illustrated in Fig. 8 works on a 
somewhat different principle from that of the preceding 
types. The frame D carries a stop C and a pivot A. The 
movable member 0 is carried by this pivot A, and, in turn, 
carries two arms E and F. The arm E is carried by the 
pivot H and provided with two sliding surfaces J and 
which work in contact with the pin B and the boss C, re- 
spectively. The arm F is supported on the pivot G and has 

two sliding surfaces K and L which work in contact with 
the pin B and the boss C, respectively. The tension spring 
S is secured to  the arms E and F a t  the points N. Assuming 
that the movable member 0 is to be rotated in a clockwise 
direction, the a rm E will be pulled down by the supporting 
pivot N and in so doing, the surfaces ICI and J will slide on 
the boss C and pin B. For the same reason, a rm F will be 
pushed up, the surface L sliding on the boss C and the sur- 
face K sliding on the pin B. This action increases the dis- 
tance between the pins N to which the spring is secured, 
thus putting the  spring S under tension; and when the ac- 
tion of this spring becomes effective, it will return the mov- 
able member 0 to  the starting point. 

1x1 the device shown in Fig. 9, the f rame A carries two 
pivots B and C, and a boss D to which one end of the spring 
S is secured. The arm E is pivoted a t  B and has a pro- 
jection F which engages the opposite end of the  spring S ;  
this arm also has two sliding surfaces G al?d H, which work 
in contact with the projections K and L on the movable 
member J. This movable member is carried on pivot C. 
When the member J is rotated in either the clockwise or  
counter-clockwise direction, one of its projections causes the 
arm E to be rotated in a clockwise direction about the pivot 
B. When this rotation takes place, the projection F on the 
arm E compresses the spring S. When the movable mem- 
ber J is released, the action of the spring S becomes effective 
and returns i t  to the central position. 

Device for Small Angular Movements.-Fig. 10 shows 
a form of centering device which is limited in its applica- 
tion, but has been found particularly effective in those case? 
where i t  can be used. It is only applicable for  returning 
mechanisms which have a relatively small angular move- 
ment. Referring to the illustration, i t  will be seen that  the  
shaft A has a hub B secured to it. An arm or other means 
of transmitting the motion may be secured to the shaft  A. 
The hub B has two recessed surfaces H and J that  receive 
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the ends K and L of the yoke D, which is held in position 
by means of a bolt E. The opposite end of this bolt is car- 
ried by a lug C, and the bolt carries a spring S and washer 
F which supports the pressure of the upper end of the 
spring. When the shaft A is rotated in either direction, 
the hub B raises the yoke D, thus compressing the spring S, 
and when the action of this spring becomes effective, i t  
pushes down the yoke and returns the shaft A to the start- 
ing point. 

Cam, Bellcrank, and Spring Combination.-One of the 
simplest forms of centering devices that can be used con- 
sists of the combination of a cam, bellcrank, and spring, 
illustrated in Fig. 11. Referring to this illustration i t  will 
be seen that  the shaft A has the two-lobed cam B secured 

to it. The bellcrank E is mounted on the pivot D; and thia 
bellcrank has the cam roller F mounted a t  one end and the 
other end secured to the spring S. The opposite end of the 
spring is secured a t  the point H. When the shaft  A is 
rotated in either direction, the lobe C or  C, of the cam 
pushes down the end of the bellcrank; and this causes the 
crank to rotate about the pivot D. The result is that  the 
opposite end G of the bellcrank swings out and places the 
spring S under tension. When the action of this spring be- 
comes effective it rotates the bellcrank in the opposite direc- 

tion and returns the shaft  A to  the start ing point through 
the action of the cam roller F on the cam. 

Oil-Switch Control Centering Device.- A type of cen- 
tering device which finds wide application in the control 
of oil switches is illustrated in Fig. 12. In this illustration, 
A represents a shaft  to  which a hub C is secured. This hub 
carries a projecting lug D which extends between the two 
arms E and F of the centering device. These arms are  f ree  
to swing about the shaft A. The arm E is  provided with an  
extension K to  which one end of the spring S is secured, 
and a second extension G which limits the  movement of the  
arm E in a clockwise direction through contact with the  
stop B. The arm F has an extension J, to which the op- 
posite end of the  spring S is secured, and a second extension 

B'k. 18. Another Form of Doublbum Canterlag Derla 

H which limits the rotation of the arm F in a counter-clock- 
wise direction through contact with the stop B1. The ten- 
sion of the spring S holds the arms E and F against their 
respective stops B and B1. When shaft  A is rotated, the 
hub C and i ts  lug D are  moved in either a clockwise o r  
counterclockwise direction as  the case may be. This rota- 
tion causes either the arm E or  F to be rotated against the 
tension of the spring S, and when this spring tension be- 
comes effective i t  causes the shaft  A to  be returned to the 
starting point. 
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Lever-Returning Devices.- Figs. 13 and 14 show two 
simple devices for returning two levers to their normal posi- 
tions. In  the device shown in Fig. 13, the lever C is carried 
by the pivot A and the lever D is carried by the pivot B. An 
arm G is pivoted between these levers and connected to 
them by means of two links E and F. When arm G is ro- 
tated in a clockwise direction, it causes levers C and D to 
swing in about pivots A and B, thus placing the spring S 
under compression. When the force tending to bring the 
levers C and D together is released, the compression of the 

m. 18 and 14. Centortnr Devioem for Beturnlng Two h 
BLrnultrneou~ly 

spring S will return the levers to their normal positions. 
The arrangement of the mechanism shown in Fig. 14 is quite 
similar to that of the preceding illustration, except that the 
levers C and D are provided with cam rolls E and F which 
are mounted 011 pivots H and G. When the cam J is rotated 
in either direction, by turning the shaft K, it causes the 
levers C and D to swing outward about the pivots A and B, 
thus placing the spring S under tension. When the torque 
tending to rotate the shaft K is released, the tension of the 
spring S returns the levers C and D to the starting point. 

CHAPTER XI11 

MULTIPLE - LEVER MECHANISMS WITH DWELLING 
OR IDLE PERIODS AND OTHER SPECIAL 

LEVER COMBINATIONS 

Mechanical movements may in many cases be derived in 
the simplest manner by the use of properly proportioned 
levers or combinations of levers and connecting links. Sev- 
eral lever combinations which are  arranged to provide a 
period of dwell during the cycle of movements will first be 
described and these designs will be followed by certain spe- 
cial lever applications or other devices allied in some way 
to mechanisms of the lever type. 

Multiple-Lever Mechanisms Designed to Obtain Dwells 
in Lever Movements.- Levers, in combination with links, 
can be used as  a means for obtaining a dwell or idle period 
during the cycle of movements imparted to the lever of a 
driven shaft. The cam and follower-roll mechanism is per- 
haps the only simple one in which complete elimination of 
motion is obtained during the dwell period, but i t  cannot 
always be applied conveniently; moreover, i t  is often diffi- 
cult to obtain sufficient movement by means of cams. 

When a close approximation to complete elimination of 
motion during the dwell period will meet requirements, 
levers and links provide a simple solution of the transmis- 
sion problem, particularly when the driving and driven 
units are not located too close together. Fig. 1 illustrates 
a case of this kind, in which a hand-lever (not shown) 
mounted on the driving shaft operates two distinct mechan- 
isms near the ends of i ts stroke, while the middle section 
of the stroke operates the driven shaft, which receives no 
noticeable movement when the other two mechanisms are 
being actuated. 

386 
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Advantages of the Lever - Type Dwell Mechanism.- 
The lever type mechanism has many advantages. For ex- 
ample, with the lever and link mechanism, it is a simple 
matter to increase or decrease the movement imparted to 
the driven member and change the direction of movement. 

Fir. 1. 
End of 
Method 
taininr 

Lever md Link Mechnnirm H a d n g  h e l l  Period for Drlven Shaft at Eroh 
08cillating lIovsmsnt of Drlvinc 8haft. Fig. P. Diagram Uled to Illu8trrte 
of Lrgfnc out Lever and Link Mechmlrma. Fir. 3. Arrangement for Ob. 
Dwell r t  Barlnn~nr of Driving Lever Stroke with Shrlts  Turnlns in Oppo~lto 

Mrectlona 

Such mechanisms can also be arranged easily to avoid 
obstacles. Only simple parts which can be made easily in 
any machine shop are required for the lever mechanisms. 
These mechanisms operate smoothly and quietly without 
requiring any attention other than an occasional oiling. All 
the levers shown in Fig. 1, together with some that are 

not shown in the illustration, were required for the trans- 
mission of motion from the front of a machine to a higher 
position at the rear. This is accomplished, with the addi- 
tional feature of a dwell period of the driven shaft near 
each end of the stroke of the driving shaft. 

Operation of a Lever-Type Dwell Mechanism.-In op- 
eration, the lever A (Fig. 1) on the driving shaft moves from 
position A, through Az and AS to A4, serving to operate two 
mechanisms (not shown) from levers also mounted on the 
driving shaft. The movement from AZ to As is transmitted to 
the lever on the driven shaft, causing it to move from El to 
E8. Lever E on the driven shaft dwells while the lever on 
the driving shaft is moving from A1 to A2 and from As to 
A4. The first dwell of the lever on the driven shaft, as lever 
A moves toward Alp occurs while the lever on the driving 
shaft moves from position Al to A*, and while the longer or 
driving arm of the bellcrank H swings from H, through the 
neutral point to H2, causing lever E to  move only a very 
short distance, as indicated by the full line and the dot-and- 
dash line. The actual over-travel transmitted to  lever E at 
this time amounts to an angular movement of only one min- 
ute. Even this small movement can be reduced by incor- 
porating a similar arrangement a t  another point in the 
transmission system. As a matter of fact, the motion of 
lever E during the dwell period does not exceed 8 per cent 
of the total movement. 

The movement of lever A from AS to A4 results in trans- 
mitting practically no movement to link B and lever C. This 
movement simply causes positions Cs and C4 to become 
merged a t  one point, giving corresponding positions Ha and 
H4 to lever H. I t  is generally necessary to increase the 
length of the driving levers or decrease the length of the 
driven levers to compensate for the decreasing effects, on 
the driven levers, of the angular motions of the drivers as 
they approach the position of dwell. This can be done con- 
veniently, but the designer must be careful not to reduce 
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too greatly the moment arms of the driving forces in the 
links. 

Incidentally, i t  may be mentioned that link and lever ar- 
rangements of this kind are self-locking against the reversal 
of the lever moments when the driving lever is a t  each end 
of i t s  stroke. In the case illustrated, there was no neces- 
sity to utilize the toggle action of the levers for the pro- 
duction of heavy pressure or for locking purposes, but this 
feature might be useful in some cases. 

Laying Out a Lever-Type Dwell Mechanism.- The gen- 
eral method of laying out a mechanism of this kind is 
illustrated in Fig. 2. This lay-out can be varied consider- 
ably without seriously affecting the results. First, the ap- 
proximate or definite locations for the driving and driven 
shafts are  laid out and the directions of the motions are  
determined, so that intermediate levers and links can be 
sketched in for a preliminary trial. Isolating one unit, as 
in Fig. 2, arcs representing the swing of the link-pins are 
drawn, and from the center of the driving shaft is drawn 
line OCT tangent to the arc of the driven link-pin. 

It is not absolutely necessary to  have line OCT in the 
tangential position, but this position ordinarily gives the 
best results. From the center of the driven shaft, line RT 
is drawn at  right angles to  line OCT. Now, CT represents 
the length of the connecting link. From C mark off a t  D 
and A arcs representing one-half the angle through which 
i t  is desired to eliminate the transmission of movement to  
M, and with length CT and centers A and D draw arcs 
which cut OCT a t  F. This point F is the final position of 
the driven link-pin. From OA lay off the point B, so that  
arc AB subtends the whole angle of rotation of the driving 
lever. Then point B is the starting position of the driving 
link-pin. 

From point B, with a radius equal to CT, draw a n  arc 
cutting the arc of the driven link-pin a t  M. Now, RM indi- 
cates the initial position of the driven lever, while BM indi- 

cates that  of the link. Thus, i t  will be seen that  while the 
driving lever is given a continuous forward motion, the 
driven lever moves forward up to i ts  final position and then 
has a slight additional forward motion, after which i t  re- 
turns to its final position. This last reciprocating move- 
ment between F and T i s  usually so slight a s  to be negligible. 
This slight movement also acts on the  driven lever in such 

FIE. 1. Lnrers Arrmmd to Rare Drfran Shaft Dwell nt Bsrlnnlnr of 
Ihlrlnr Shaft Btroka r l t h  Both Bhafta Turnin6 Counter-olookrire. 

Fie. 6,  Arrutgarnent lor b a l l  at Mld.polnt of Drlrer O~olllatlon 

a direction a s  to produce the minimum amount of angular 
movement. 

In order t o  eliminate motion a t  t h e  beginning of the 
stroke instead of a t  the end as just described, and at the 
same time retain the same direction of rotation for both 
levers, i t  will be necessary to  carry the  lever-pin to the 
righbhand side of the driving shaft. This necessitates 
using an overhanging transmitting lever and link, in order 
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to allow the link to pass across the center of the shaft-see 
Fig. 4. If i t  is possible to reverse the direction of the driv- 
ing lever, elimination of the motion a t  the beginning of the 
stroke can be achieved by the arrangement shown in Fig. 3. 

Fig. 6 shows another arrangement in which the dwell 
occurs a t  the mid-point of the swing of the driving lever, so 
that the driven lever is given an oscillating motion with a 
dwell a t  the extreme left-hand position. 

FIE. 8. Yeohrnlrm that AUora the Driven Member B to Eemdn In 
Poaltlon Shown whilo C~ankp, :~  of D ~ i v i n g  A ~ r n  Puasr  through &a C 

Driven Lever which Dwells while Driving Crank Turns 
Part of a Revolution.- A link mechanism which allows 
the driven member to dwell for a relatively long interval 
is shown by the diagram Fig. 6. Any point in the flat 
triangular plate which constitutes the rod A can be used 
for a link connection. For the designing of such mechan- 
isms, i t  is necessary to study the different forms of curves 
described by the various points on rod A. The forma of the 
curves traced by the different points on this rod vary dis- 
tinctly according to their relative positions. To obtain long 
dwell periods, only the curves that have large circular sec- 
tions on a part of their outline are used. Geometrical 

methods have been evolved to determine such curves, but 
they are rather complicated. However, some very remark- 
able improvements in dwell movements have been made by 
applying such f ormuIas. 

There are curves that show a near relationship to  cir- 
cular forms and there are  others in which the radii of cur- 

ARIVEN MEMBER 

1 

Ib. 7. Tha Driran Hembar D Rsmrlm ln the Pomltlon Llhorn rh l l e  
the Crankpln of the Drfvinr Arm Punom throu#h Aro E 

vature will increase to such an extent tha t  the curves prac- 
tically resemble a straight line. Mechanisms with dwells 
can be designed, in which the driven member connected with 
the base of the mechanism has a sliding way, such as shown 
a t  W, Fig. 7. A member with two vertical slide ways a t  
90 degrees or  any other angle can be used in place of the 
swinging lever. 
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Link Mechanism on Textile Machine for Obtaining 
Dwell in Lever Movement.- Crank - driven mechanisms 
which also provide lever movements having a dwell period 
are shown in Fig. 8. The view at the right shows a design 
applied to a textile machine which provides a dwell period 
for the lever K equal to nearly one-third the period required 
for a complete revolution of the crank-arm L. This mech- 
anism is used on a weaving loom and has proved very suc- 
cessful. The pause or dwell obtained with this arrange- 
ment is of sufficient duration to permit the shuttle to pass 
from one side of the machine to the other. 

Referring to the view a t  the left, which shows the princi- 
ple of operation, it will be noted that the driving arm E, 
which revolves continuously in the direction indicated by 
the arrow, is connected to rod or link D a t  a point approxi- 
mately one-fourth its length from the end connected to link 
G by the stud M. Link G ,  in turn, is connected with the 
upper end of the driven lever H, which oscillates through 
the arc RS, dwelling a t  R while the stud M travels from 
J to I .  The lever or arm C, connected to  the left-hand end 
of link D, also oscillates through an arc as indicated. The 
amount of dwell and the length of the arc through which 
the driven lever oscillates depends, of course, on the posi- 
tioning and the lengths of the links and levers. The use of 
slide ways for varying the relative positions of the links 
may be advantageous in some of the many applications for 
which a mechanism of this kind is adapted. 

High - Speed Oscillating Motion with Dwell at Each 
End.- It  is possible, by means of a mechanism consisting 
of links and gears, but no guides or cams, to obtain an oscil- 
lating motion with a dwell a t  each end of the oscillation. A 
mechanism of this kind is shown in Fig. 9. This mechan- 
ism has two gears, the driving gear A and the driven gear 
D. Gear D is only half the diameter of gear A. It will be 
noted that the gear shafts are mounted in the fixed base E 
of the mechanism. 
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The lengths of crank-arms F and G, or the distance of the 
crankpins of the push-rods H and I from the centers of 
their respective gear shafts, as well as the lengths of the 
push-rods, can be of any suitable dimensions. The crank 
F works in a different phase from crank G. The push-rods 
H and I are connected by the joint J .  If crank F makes 
one revolution, and crank G, by means of the spur gears, 

m. 8 .  Mechrnlsm that Canma the Short End of krmr L to Omolllata 
through Aro N wlth Dwell r t  Zroh End of Arc 

makes two revolutions in a reverse direction, joint J will 
describe a curve having the unusual form indicated. 

The curvature is so selected from the possible forms that 
it has the same radius at  the maxima and minima points. 
If this radius nearly corresponds to the length of member 
K, which is connected to joint J a t  one end and to swing- 
ing member L at the other, member L will be oscillated 
about a fulcrum bearing M in the base E and will pause or 

dwell while the joint J describes the arcs X and Y. Mem- 
ber L is thus given an oscillating movement indicated by 
arc N, with a dwell a t  each end of the arc. The members H 
and I in the design shown are of identical size. A mechan- 
ism of this kind can be used for high speeds. 

Straight-Line Motion for Oil Circuit-Breaker.-Straight- 
line motions are not used extensively, since they are only 
adapted to certain special conditions, and they have some 
inherent disadvantages. The particular straight-line mo- 
tion illustrated by the diagrams Fig. 10 (which represent 
side and end elevations of the links) produces an approxi- 
mate straight-line between the two points A and B. This 
mechanism is part of a heavy-duty oil circuit-breaker. 
Straight-line and toggle linkages have had considerable ap- 
plication to this type of electrical apparatus. 

The pivots of what might be called the main lever are 
located a t  A, C, and E. The fixed pivots or hinge points 
are at  D and F. The links CD and EF are free to rotate 
around their respective fixed pivots o r  bearings. The line 
EG indicates a link connecting with a crank or other form 
of driving member. A force indicated by the arrow a t  A 
acts along the path AB, and the triangular lever ACE 
moves from the "closed position" shown in full lines to the 
"open position" indicated a t  B, CI, and El. This latter posi- 
tion represents approximately the lower limits of the main 
lever movement. The load from A to B varies in a manner 
characteristic of circuit-breaker operation, and the velocity 
in each direction also varies from zero to  as  high as  12 to 
15 feet per second in order to operate the brushes fast 
enough to  open or close in from 1/3 to  3/4 second. The load 
a t  A may vary from 150 to 3000 pounds during normal o p  
eration and may be higher under certain conditions. The 
line AB is vertical in the apparatus, and the line FP a t  
right angles to AB. 

In considering the advantages of this design, Arst note 
that the main lever ACE is a triangle with the load a t  one 
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corner A. This form provides maximum strength and rigid- 
ity for a given amount of metal, and few straight-line mo- 
tions, except the more complicated ones, have this feature. 
Second, the members AE and EF are struts well located 
with reference to the load a t  A. These struts are disposed 
to form the familiar toggle joint. Third, the rod from A to 
B, carrying the load, passes about midway between the 
points E and F, allowing proper clearances. Morever, the 
rod is in the center of the double link EF, there being a 
link on each side, as shown by the end elevation; this is 
also the case with link CD. As the result of this construc- 
tion the pins are in double shear and with practically no 
bending due to overhang. The line from A to B deviates 
only slightly from a true one and is accurate enough for the 
purpose mentioned. This motion has the advantage that 
the pivot points and links can be varied a t  one place and 
compensated for somewhere else to a n  extent not possible 
with a number of other types. All pivot points, however, 
must be in the proper relation to obtain the most accurate 
line, although this does not necessarily require the particu- 
lar arrangement shown. 

The real geometrical reference axis of this linkage is 
indicated by the line x-x. Note tha t  the dotted line and 
small arrows starting from A extend through B downward 
curving to the left and then, after making a small loop, ex- 
tend upward through N and back to the starting point A. 
This line indicates the path which point A would follow if 
the motion were continued beyond point B and through a 
complete cycle. 

The four-sided linkage CDFE is similar in principle to 
the skeleton for most of the straight-line and parallel mo- 
tions from Watts down to  the Roberts type. The radius 
arms CD and EF are of equal length, but would not need 
to be, if the main lever ACE were changed to an isosceles 
form of suitable length and the center D were swung clear 
over the top until directly over pivot F; then the Roberts 



398 MULTIPLE-LEVER MECHANISMS MULTIPLE-LEXER MECHANISMS 399 

compensating motion would result. I t  will be noted that 
the path of point A crosses the axis x-x twice. If all the 
links in the linkage CDFE were of different lengths and 
if CE were longer than DF, and CD shorter than EF, 
then a point near the middle of the oscillating link CE 
would cross the axis six times. This will be recognized as 
the more general case of the irregular four-sided linkage. 
When crossed linkages are used, as in Watts and some other 
motions, the line is crossed only twice. From a practical 
standpoint this motion has a few decided and inherent ad- 
vantages. 

Straight-Line Mechanism for Gang Saw.- The mechan- 
ical movement shown in the accompanying diagram 
(Fig. 11) is used in connection with a gang saw for sawing 
granite, to obtain an approximate straight-line motion with 
a combination of links. The bearings or pivots A and C are 
stationary. Link AB is free to turn about bearing A, and 
CD is free to turn about bearing C. The rigid bar or link 
OB has an extension ED a t  right angles to it. which is 
pivoted a t  D to the lever CD. As the end 0 is moved in 
the direction of the arrows, the pivot B swings about an 
arc hsvirtp a radius AB, and the pivot D swings about an 

arc CD. The resultant movement of the point 0 is very 
nearly a straight line. 

When this mechanism is applied to a granite gang saw, 
a slight rise a t  the ends of the stroke S and S1 is required, 
so that links of special length are used. These lengths, in 
inches, are as  follows : AB = 8 1/2 ; OB = 66 1/2; EB = 
22 13/16; A P  = 13 1/2; CD = 16; ED = 12; RT = 12; 
RIT = 12. The rise a t  the end of the stroke is 1/4 inch, ap- 
proximately. 

Four mechanisms of this type are used on the granite 
gang saw. Each mechanism is so located that the center 
line x-x is vertical, the straight-line movemer~t Seing hori- 
zontal. The machine is equipped with a rectangular "sash" 
in which there are numerous steel blades. Each corner of 
this sash is attached to one of these straight-line move- 
ments, and the sash is moved back and forth by a crank and 
connecting-rod. Steel-shot under the blades works against 
the stone and does the cutting at the rate of from 3 to 6 
inches per hour. The object of the slight rise a t  the ends of 
the stroke is to allow the grains of shot to fall under the 
blades as the shot drops down from above. By shortening 
the dimensions AB and EB equally, the end 0 can be made 
to travel in an exact straight line for a certain distance. 

Stroke Adiustment for Oscillating Lever.-The arrange- 
ment of levers shown in Fig. 12 provides a simple 
means of transmitting a variable oscillating movement to 
the lever D from the lever C. The oscillating or up and 
down angular movement of lever C about center H remains 
constant, while the oscillating or angular movement of lever 
D about center J can be varied to suit requirements. Ad- 
justment of the angular movement of lever D is obtained by 
shifting the position of block A, which is in contact with the 
two levers. The levers are held in contact with block A by 
springs (not shown in the illustration). Lever C transmits 
the smallest angular movement to lever D when block A is 
in the position shown to the left. The largest angular move- 



400 MULTIPLE-LEVER MECHANISMS MULTIPLE-LEVER MECHANISMS 401 

ment of lever D is obtained with the block in the position 
shown by the dotted lines a t  K. 

The track surfaces of the levers in contact with block A 
are set parallel with each other when the levers are a t  either 
the top or the bottom of their strokes, according to whether 
the motion is required to be more nearly constant in speed 
a t  the upper or the lower position. In Fig. 12 the levers 
are shown in their lowest positions. Contact block A can 
be adjusted by the machine operator to any position along 
the levers. The adjusting rod B is hinged to the control 
lever, so that it can swing in a vertical plane as lever C 
oscillates. 

m. 1% Arrmrernent b j  rhloh a VuLble  Ondlhtin# Yovrmmnt la 
Trrrudttd b7 Lever C to Lever D 

If A is a single-piece block, it must either have a roller or 
else have a flat face contact with the track of the upper 
lever and a lower surface formed like the portion of a cylin- 
der of relatively large diameter. The block and the tracks 
of the levers must be hardened. Grease lubrication is best 
where a flood of oil cannot be applied. 

When the loads are heavy, sliding friction is likely to de- 
velop flats on block A and rough spots on the lever tracks. 
In such cases, the design shown in Fig. 13 is preferable. 
With this design, the sliding friction is reduced to a mini- 
mum by substituting rollers F and G for the plain bearing 
uurfaces of block A, Fig. 12. On the upper side of the 

trunnioned separating block E, Fig. 13, is a single roller F, 
while on the lower side a re  two similar hardened rolls G. 
With this arrangement, only a slight sliding motion is pos- 
sible between the rollers and the lever tracks, the movement 
of the rollers being limited by the end flanges of the block. 
The close fit between the side plates and the rollers, and the 
squaring effect of the end flanges of block E, tend to keep 
the rollers parallel. 

Fig. 18. Roller Bsnrinr Block Used In PIaoe of Bolld Contad Blook A, 
Fig. 18, whu Lever D L Herdly Loadd 

Cam and Rack Mechanism for Increasing the Movement 
of an Oscillating Lever.-When compactness is essential 
in a mechanism for producing a long movement with a 
short lever, the design shown in Fig. 14 may be used to ad- 
vantage. The lever indicated a t  G is pivoted to a slide D 
confined in the guides of the machine. Cast on the lower 
end of the lever is a gear segment which meshes with a sta- 
tionary rack H. Movement is imparted to the slide by the 
continually rotating cam A, which is mounted on a shaft  in 
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the stationary bracket C and engages roll F on the lever 
stud. Coil spring E, fastened to the slide and the machine 
frame, serves to hold the roll in engagement with the cam. 

As the  cam rotates in a clockwise direction from the posi- 
tion indicated, the slide D will move toward the right. The 
lever will, of course, travel with the slide, and owing to the  
engagement of the gear segment and the rack, will swing 
in a clockwise direction. The lever will continue to  swing 

Comblnrtlon Crm-.nd.rrok Yovbment for Incrrulnr tha 
Thmr of r Laver 

in this direction until the cam has carried the slide to ita 
extreme position a t  the right. The position of the lever a t  
this point is indicated by the dot-anddash lines. 

In determining the movement b of the upper end of the 
lever, i t  is only necessary to add the throw a of the cam to 
the normal angular movement of the lever, all measure- 
ments being taken horizontally. The movement of the lever 
can be varied by changing the throw of the cam, the pitch 
radius r of the segment gear, or the length R of the lever 
itself. 

Push - Button Mechanism for Alternately Changing 
Position of Lever.- Fig. 15 shows a mechanism designed 
t o  change the position of lever C from the right t o  the left 
of the vertical center-line or vice versa each time the push- 
button D is operated. The cam-shoe F (left-hand view) 
which is an extension of push-button D, is in position for 
changing lever C to the position shown by the middle view, 
by coming in contact with the inclined face of pawl G when 
the button is  pushed upward. The upward motion of cam- 
shoe F will cause pawl G to move in the  direction of arrow 
0. When the cam-shoe reaches the end of the incline, the 
fulcrum of the  connecting links J will rest against the flat 
face of the cam-shoe. Pawl G will then be lifted, causing 
lever C to swing and change from the  right-hand t o  the 
left-hand position. 

During this motion, the pressure of the shoe applied to  
the connecting links J automatically moves the  link or pawl 
H toward the left. This obviously prevents pawl G from mov- 
ing too f a r  t o  the right and from becoming disengaged from 
the cam-shoe. The right-hand view shows the push-button 
D released and returned to i ts  normal position by spring K. 
When the connecting links J are released from contact with 
the cam-shoe, the spring L causes pawls H and G to move 
toward each other until links J come in contact with pins M 
and N. Lever C is now ready to change from left to  right 
when the push-button is again operated. The stem of the 
push-button D is square and is a sliding fit in the  square 
hole in guide E. 

Multiplying Adion of Lever for Obtaining Quick- 
Acting Brake Movement.- Fig. 16 shows the  construction 
of a mechanism designed to  provide more than the  custom- 
ary amount of clearance for a brake-shoe without sacrific- 
ing any of the braking effect. This i s  accomplished by a 
system of levers that  provide for a quick take-up of the 
clearance space, after which the brake movement is  effected 
in the usual manner. 
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Part, A is fastened to the stationary part of the machine 
and carries the pin F on which the double levers B pivot. 
The upper surface of part A is machined to conform with 
the arc of a circle of which pin F is the center. I t  will be 
noted that the pin F is located off center in part A and that 
the upper edge of part A terminates in a small arc-shaped 
surface on the right-hand end. Levers B carry between 

Amryement of L l n h  &ad L o r e n  for Op.mttn# tho 
Clrm- hell T m  of Block Bmk* 

them lever C which fulcrums on the pin G and carries at  its 
upper end the bar D attached to it by the pin H. The op- 
posite end of bar D is attached to the brake-shoe. 

The side view at the left and the end view a t  the center 
show the arrangement with the brake-shoe in the released 
position. As the bar E is moved to the left, lever B fulcrums 
on pin F, and the upper right-hand corner of part A acts on 
lever C, which is caused to fulcrum on pin G. As the move- 

ment of the lower end of lever C is multiplied a t  the upper 
end, bar D is drawn forward quite rapidly in advance of 
levers B, thus quickly reducing the clearance space between 
the brake-shoe and the drum. As soon a s  the lower end of 
lever C has passed over the corner of part  A, lever C ceases 
to act independently, and moves in unison with levers B. 

Lever Mechanism for Block Brake.-The type of block 
brake known as the "clam shell" brake, Fig. 17, is often 
used in place of the band brake, over which i t  possesses the 
advantage of even wear on the blocks, and positive release, 
although not possessing a s  great a gripping power. The 
cast arms A and A1 are pivoted a t  o to  the frame of the ma- 
chine, and carry blocks formed to gr ip the brake wheel. 
Links L connect these arms to the bellcrank B, having the 
floating center n. To !ay out this brake to the best advan- 
tage, draw lines from o through the center points of contact 
a and a,, on the rim of the wheel; also with o a s  a center, 
draw arc cc, intersecting these lines at points e. A t  these 
points, draw tangents t o  arc cc, intersecting at u, and draw 
un, bisecting angle gug'. Select a point n on un for the 
center of circle b, drawn tangent to eg, so that the required 
leverage will be obtained for the brake system. 

When the brake is new, the exact nature of block contact 
is doubtful, and must be considered as only a line across the 
face of the blocks, but the wear on the blocks causes such 
a condition of pressures per  unit area that  the rate of wear 
is the same a t  all points of contact between the block and 
the drum. The point o may be placed below the wheel. 
making the axis aal horizontal, the a rms  A and A,  falling 
apart by gravity, when released. When the arms are  not 
heavy enough t o  do this without one of them bearing against 
the wheel, while the other is free, light springs may be at- 
tached to points e to keep them apart, when released. The 
arms are sometimes extended so tha t  points e may be con- 
nected by a spring which sets the brake, the release being 
made by toggles separating the arms when applied. The 
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wheels of these brakes may be made V-shaped, the same as  
for band brakes. The blocks are  often made to embrace a 
larger portion of the wheel than shown-sometimes nearly 
180 degrees. 

I n  Fig. 18 are shown two types of this brake, the fixed 
points being indicated by a dot within a circle, and the 
floating points by a plain dot. At  A is  shown a form of 
brake that i s  useful when there is no convenient way of 
pivoting the arms to the frame a t  u. The bellcranks ace 
and lever mn ale  pivoted as shown, but the point u is fixed 
in space only by its geometrical relations to points a. Since 

PI.. 18. Other Yethodl of O p n t l n r  Block Bra-  

the arcs s and t, struck from the points a, cross a t  u, i t  is 
evident that  the point u becomes fixed in its relation to  
points c where the system is connected to the frame, and 
thus u is the fulcrum of the arms E, although not the point 
which receives the thrust of the brake arms, th is  being 
taken a t  points c. A t  B is shown a good type of brake in 
which both arms act as tension members in transferring 
the braking force to the fixed points c. 

Safety Locking Device for Clutch Lever.- Safe opera- 
tion of an extractor used for drying wiping cloths require8 
that  the cover of the machine be tightly closed before the 
;starting clutch is engaged. One device which compliee with 

this requirement is shown in Fig. 19. The  stationary casing 
A and the cover B enclose the rotating container (not 
shown) for the cloths. The cover is hinged at the left-hand 
side of the casing and can be secured in  i t s  closed posi- 

SECTION X X  

Pi;. 19. 8.isty Lockin; Devloe whioh Prermtn Aooi4ent.l 
Bhlftlnr of the Clutch Lever 

tion by the clamping lever C, pivoted on the stationary 
bracket D. 

In the position shown, the cover can be swung upward 
on its hinge to allow loading o r  unloading of the container. 
While the cover is up, clutch lever E is  prevented f rom be- 
ing returned accidentally to i t s  engaged position by the  
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projection H on the lever C. Lever C, in turn, is prevented 
from returning to ita clamping position by the spring-actu- 
ated plunger G, mounted on the casing. With this arrange- 
ment, both levers are automatically locked when the cover 
i s  up and are automatically released when the cover is in 
i ts closed position. As the cover descends, plate F, which is 
welded t o  the cover, depresses plunger G and allows lever C 
to be swung into its clamped position. At this time, finger 
K will clear the projection H, permitting lever E to be 
swung in position to engage the clutch. Plate F is provided 
with a stoppin J to limit the clamping movement of lever C. 

Ti#. SO. Crtnk YetLon r l th  A n x I l l w  Bad that Illmlrutr D u d  Caatar moot 

Crank Motion with Dead Center Eliminated- When a 
rotary motion is transmitted from one shaft to another by 
means of cranks and a connecting-rod, the dead center pmi- 
tions may be avoided by the arrangement shown in Fig. 20. 
This mechanism is for a wire-forming machine and trans- 
mita power between two shafts located some distance apart. 
The purpose of the auxiliary rod G is to carry the driven 
shaft  past the dead center positions. The question may be 
raiged as to  why a crank motion is used when a chain drive 
would produce the same effect. The reason in  that on the 
machine in question, a reciprocating part of the machine 
pa~lses into the a p e  between the two shafts while the con- 

MULTIPLE-LEVER MECHANISMS 411 

necting-rods are "running over," or passing through the 
upper half of their cycle of rotation, withdrawing as  the 
rods approach the center position. Obviously, this arrange- 
ment would be impossible with a chain or gear drive, which 
remains in the same position a t  all times. 

Referring to the illustration, the shafts A and B carry 
the crank-arms C and D, respectively, which are connected 
by the rod H that runs free on its crankpins. In the actual 
installation, rods G and H were longer than shown. The 
length of these rods, however, does not affect the operation 
of the drive. The upper crankpins, which are keyed to 
the crank-arms C and D, carry the auxiliary arms E and F, 
which are set a t  an angle with arms C and D. Connecting- 
rod G, which is exactly the same length as rod H, connects 
arms E and F. Although this arrangement may be classed 
as being without a dead center, it really has two dead center 
positions, but there is a time element between the two which 
renders them both ineffective in arresting the driving mo- 
tion. When one crankpin reaches dead center, the other is 
still approaching and is effective in forcing the first past 
the dead center. 

I t  is  essential that each pair of similar parts be of exactly 
the same length; otherwise, there will be a binding action. 
Although the length of arms E and F should be kept as 
short as  possible for the sake of compactness, they should 
not be less than one-half the length of arms C and D. The 
movement will operate without any dead center effect over 
a wide range of positions for arms E and F, although the 
smoothest movement seems to be attained when the angle X 
is not less than 20 degrees. 
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CHAPTER XIV 

FEEDING MECHANISMS AND AUXILIARY DEVICES 

The expression "feeding mechanism" may indicate m e  
chanical means of presenting parts successively for  some 
manufacturing operation or this term may be applied to a 
mechanism for imparting a feeding movement to a metal- 
cutting or  other tool. This chapter deals with feeding and 
allied mechanisms of various types and designed for mis- 
cellaneous application. It supplements the four chapters in 
Volume I which deal with this general subject (pages 447 
to 619). 

Hopper Feeding Mechanism Used in Soldering Fuse 
Plugs.- In  manufacturing electrical fuse plugs, such as 
those used for house circuits, a thin fuse strip is  soldered to  
a split rivet that has previously been assembled into the plug. 
The soldering is done on a special indexing dial machine in 
which the solder slugs are automatically dropped on the 
rivet on the inside of the plug. In another position of the 
dial, the plug dwells under a concentrated gas flame long 
enough t o  melt the solder slug. At the next station the op- 
erator places one end of a fuse strip in the molten solder. 
The dial is then indexed to another position where the plug 
is automatically ejected from the machine. 

A detail view of the mechanism for automatically feed- 
ing the solder slugs is shown in Fig. 1. The dial indexes 
intermittently and is shown with a plug in position to re- 
ceive two slugs which are held up in the end of the tube B 
by the stop G riveted to the arm F. This arm swings on 
the pin I and is normally held in position by the coil 
spring C. 

The hopper A is fastened in the boss D of the machine by 
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a set-screw. Slide E carries arm F and tube B, and receives 
a vertical reciprocating movement through rod J, from a 
cam located on the machine. The slide completes one cycle 
during the indexing of each station. The top of tube B is 
cut at a n  angle to produce greater agitation of the slugs in 
the hopper. The slugs, collecting in the tube a s  the latter 
passes through the supply in the hopper, drop down on 
stop G. 

At the end of the down stroke of slide E, the stop K en- 
gages projection F, swinging the latter up to the left. This 
motion withdraws stop G from the end of the tube and 
allows the two bottom slugs to drop out and into the fuse 
plug. Just before this happens, however, the spring-actu- 
ated plunger H forces the slug N against the side of the 
tube, holding back the flow of slugs until the return stroke 
of slide E disengages members K and F, permitting stop G 
and plunger H to return to the position shown in the illus- 
tration. 

Agitating Device for a Pin Hopper.-Difficulty was ex- 
pprienced by a plant manufacturing electrical switches in 
maintaining a sufficient flow of switch pins from hopper to 
power press. The pins are made from brass rod and are 
about 3/16 inch in diameter by 3/8 inch long. The hopper 
is of simple design, consisting chiefly of a stationary conical 
shell in which the pins are placed. A length of tubing hav- 
ing an inside diameter slightly larger than the diameter of 
the pins is a slip fit in a vertical hole bored in the lower 
end of the hopper; this tubing is given a vertical movement, 
which is transmitted from the press crankshaft through a 
rack and pinion. 

As the end of the tube passes through the pins, some of 
them drop into the tube and down to a connecting chute, 
which carries them to the press. It was found, however, 
that the pins had a tendency to collect around the tube hori- 
zontally instead of vertically, so that the number entering 
the tubing :laring each stroke was insufficient to supply the 

press. After some experimenting, this difficulty was over- 
come by the use of an agitating device, as shown in Fig. 2. 

Bracket A is stationary, the upper end (not shown) sup- 
porting the conical shell with its tube while the lower part 
carries the agitating device. The tube is secured to the 
sliding bar B, both parts being raised t o  the upper position 
by means of the reciprocating arm C pivoted to the cross- 
head D. A double-end latch E is also pivoted to the cross- 
head, and engages teeth cut in bar B, a s  well as  projections 
on the plate F, which is 3ecured to bracket A. 

In the position shown, the croes-head has already started 
its upward stroke, carrying with it bar B and the tube. 
Further movement of the cross-head causes the upper end 
of the latch to be forced to the left by the lower projection 
on plate F. At the same time, the lower end of the latch is 
forced out of engagement with the lower tooth in bar B and 
allows the bar to  drop back by gravity, aided by the action 
of coil spring G .  The lower end of the latch is held away 
from the bar momentarily only; thus, as  the upper end 
passes the projection on plate F, its lower end a t  once en- 
ters the next tooth space in the bar B, which then continues 
its upward movement until the latch engages the next pro- 
jection on plate F. At this time, and for each remaining 
projection, the action described is repeated. 

At the end of the upward stroke, bar B is held suspended 
by the latch, but upon starting its downward stroke, the 
latch again comes into contact with the upper projection 
on plate F and is released from the bar, allowing the latter 
to drop to its lowest position. Here the slide is picked up 
once more by the latch after the cross-head returns to the 
bottom of its stroke. Incidentally, a bumper (not shown) 
is provided to take the shock upon the return of bar B. A 
series of reciprocating movements is imparted to the tube 
as  it passes upward through the pins, agitating them suffi- 
ciently to cause a greater number t o  enter the tube. It 
should be mentioned that the success of a device of this 
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type depends upon the speed of the cross-head, because if 
the speed is too slow, the lower end of the latch will fail 
to catch the tooth in the sliding bar, thus rendering the 
device inoperative. 

Mechanism for Feeding Granular Material Uniformly.- 
One of the methods used in a stamping mill for feeding 

TIC. I. Mmlntdniru r Coaatrnt llor of h from a g a m r  br 
Yunm of Endlr*  Chrlnm 

crushed ore a t  a uniform rate to a grading machine is shown 
in Fig. 3. The ore, which consists of pieces about the size 
of an egg, is dumped into the hopper A and passes through 
the opening F. As the ore must be delivered from the chute 
E a t  a uniform rate, some means must be provided for 
regulating its flow. This is accomplished in the following 
manner: A number of endless chains D pasaing over the 
,sprockets B rest upon the ore aa it flows down the chute. 
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If there is no movement of the chains, the friction result- 
ing from the weight of the latter will prevent the ore from 
sliding down the chute. If motion is imparted to the chain 
so that it will travel at  a constant speed in the direction of 
the arrow, the ore will be carried downward a t  a uniform 
rate and a t  approximately the same speed as that of the 

Fie. 4. Bimple Press Fixture for Autonuttcil l~ Burnlshtn# Burhiam 

chains. The movement of the chains is obtained by revolv- 
ing the sprockets B on the shaft C, the latter being driven 
from the driving shaft of the grading machine. The nature 
of this ore is such that it will flow very freely, and little 
trouble is experienced from jamming a t  the mouth of the 
chute. 

Automatic Ball-Feeding Attachment for Ball Burnishing.- 
Steel balls are frequently employed for  burnishing holes 
when a very fine finish and an accurate job a re  required. 
With the automatic ball-feeding device shown in Fig. 4 the 
work can be burnished in a power press. The bushings to 
be burnished are fed into a chute, the end of which is shown 
a t  D, and carried down by gravity to  a position directly 
over the reciprocating plunger G. When the plunger is a t  
its lowest point, one of the balls in the return tube C rolls 
on the end J, directly under the hole to be burnished. As 
the plunger ascends, i t  pushes the ball up through the work. 
Continuation of this upward movement carries the ball 
against the angular surface of the block B, and into the 
return tube C, as indicated by the dotted outline of the 
plunger and ball when a t  their highest position. 

The reciprocating motion of the plunger is derived from 
the ram of the press through the connecting posts A and 
the plate H in which the plunger is a drive fit. A clearance 
hole in the bolster plate is necessary t o  allow a through 
passage of the plate H. The bushing E is a drive fit in the 
fixture F and a slip fit for the plunger. One side of this 
bushing has an opening for the lower end of the return 
tube. This tube may be fastened by straps to the fixture, 
or it may be soldered to the bushing E and to the chute D. 

Although not shown, the usual provision must be made 
for tripping the press clutch in case the work becomes 
jammed in the chute or fails to line up properly with the 
plunger G. One advantage of this fixture is that the wear 
incident to burnishing is distributed equally among a num- 
ber of balls. 

Chain Feed Mechanism with Periodically Accelerated 
Motion.-Fig. 5 shows a mechanism used for feeding tree 
trunks T to a sawing machine with a periodically accel- 
erated motion that might also be applied to other machines. 
This motion is obtained by an interesting arrangement for 
simultaneously taking up slack in one side of the chain while 
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giving out slack in the other side. The mechanism is driven 
by the spur gear A which drives gear B by means of an 
intermediate gear C, thus driving chain D a t  a uniform 
speed. The chain is carried over four pulleys in the base 
of the mechanism. The pulleys E and F are attached to a 
swinging arm G. This arm is oscillated by a crank and rod 
mechanism H and J, also connected to the driving gear A. 

The gear K, driven by 
chain D, imparts the pe- 
riodically varying feed mo- 
tion to the rollers M, in con- 
tact with the tree trunk, by 
a second chain drive indi- 
cated by the light dot-and- 
dash lines at L. If pulleys 
E and F remained station- 
ary, the feeding m o t i  o n  
would be uniform. How- 
ever, as the pulleys are on 
t h e  periodically swinging 
lever G, the motion of 
chain D is  changed in such 
a manner that i t  will re- 
main stationary during one 
short period and will be ac- 
celerated or  retarded in the 
other. The swinging lever 
G is slotted so that rod J 
can be adjusted to give the *. Y"h"Lm lor h d E ~ i ~  .-* 
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feeding motion required. A 
cam-actuated motion could be substituted for the crank mo- 
tion obtained by crank H and rod J, the cam being given 
the profile necessary to obtain the desired motion. 

Planetary or Differential Type of Feeding Mechanism 
for Internal Grinder.- The eccentric and differential type 
of feed controlling mechanism which is shown by a perspec- 

tive view, Fig. 6, to illustrate the arrangement clearly, has 
been applied to internal grinders of planetary design, used 
for grinding holes in parts of such bulk that rotation is im- 
practicable. The radius of the path of the grinding wheel, 
which has a planetary motion, is changed while the wheel 
is a t  work by an adjusting movement that is transmitted 
through differential gearing. The grinding wheel spindle 1 
is located eccentrically in a cylindrical member 2, which is 
rotated to vary the radial position of the wheel. Center line 
A represents the axis of the main body 6 of the grinder 
head; center line B is the axis of cylindrical part 2; and C 
represents the axis of the grinding wheel spindle. The dis- 
tance from A to B equals the distance from B to C, so that 
by turning part 2, axis C can be made to coincide with axis 
A, thus permitting the wheel to be located anywhere from 
a central position to its maximum position radially. 

When the grinding wheel has been adjusted for a given 
cut, i t  has, in addition to rotation about i ts axis, a planetary 
movement about axis A of the grinding head. This plane- 
tary motion is obtained from the driving shaft which ro- 
tates head 6 through gears 9 and 10 a t  one end, and 5 and 8 
a t  the other. The driving gears 8 and 9 are the same size, 
and the driven gears 5 and 10 are also equal in size; conse- 
quently, these two sets of gearing normally rotate a t  the 
same speed, but when a feeding movement of the wheel is 
required, gear 8, through an adjustment of the differential 
gearing located between gears 8 and 9, i s  caused either to 
lag behind or advance, thus shifting eccentric 2 through 
worm-gearing 3 and 4 and a screw gear which meshes with 
teeth on the inside of gear 5. 

The action of the differential gearing will be explained 
in connection with Fig. 7 which shows a cross-sectional 
view. When the driving shaft G revolves, pinions P (14 in 
Fig. 6) which are mounted on studs fixed in a stationary 
housing of the differential, also revolve. This rotation of 
the pinion8 is transmitted to the internal gear Q (12 in 
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Fig. 6) which is free to turn within worm-gear R (16 in 
Fig. 6). As internal gear Q revolves, i t  drives pinions S 
(18 in Fig. 6) which are mounted on pins fixed in worm- 
gear R. Pinions S rotate the left-hand section GI of the 
driving shaft a t  the same speed as  the right-hand section, 
except when a feeding movement occurs. 

For adjusting the grinding wheel in or out, worm W iia 
turned by hand, thus turning worm-wheel R, which changes 
the position of pinions S relative to pinions P. If pinions 
S are advanced or moved in the direction of the rotation of 
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internal gear Q, then during this period of adjustment, 
shaft GI will turn  somewhat slower than G; consequently, 
there will be a movement of gear 5,  Fig. 6, relative to the  
main head, thus causing worm-gearing 3 and 4 to rotate 
and changing the position of the grinding wheel. On the  
other hand, if the rotation of worm-wheel R is such as  t o  
move pinions S in the direction of the rotation of internal 
gear Q, the speed of shaft GI will be accelerated relative t o  
G, thus adjusting the grinding wheel in t h e  opposite direc- 
tion. A spacer plate or  disk V (Fig. 7) is located within 
the internal gear Q and between the two sets of gearing. 
The internal teeth of gear 5 (Fig. 6) were cut on a lathe, 
the indexing being done by disengaging the feed-screw 

of the Recesslnr Tool. Bhowlnr Row the Cutter 
toward the Work by m Eooantrio Blabvs 

Bhrit L Fed 

gears, and the teeth of the screw gear which engages the  
internal teeth of gear 5 were cut on a horizontal universal 
boring mill. The cutter used was a duplicate of t h e  internal 
gear and formed the teeth by a generating action. 

Planetary Adjustment for Feeding Deep-Hole Recessing 
Milling Cutter.- An ingenious application of planetary 
gearing to tool design in shown in Figa. 8 and 9. This tool 
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is used in a radial drilling machine for milling, a t  a depth 
of 8 1/2 inches, an irregular recess in the ports of a steel 
forging, as indicated a t  A in Fig. 10. Internal gear A 
(Fig. 8) is fastened to the shank B, and meshing with this 
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gear is the pinion C, secured to the end of the cutter shaft 
D. Endwise movement of both pinion and shaft is pre- 
vented by the retaining plate E. 

The eccentric sleeve F provides a bearing for the cutter 

shaft and is supported along its length by the two jaws G. 
These jaws are secured to the plate H, upon which is 
mounted the worm-wheel J, which is keyed to the eccentric 
sleeve. Meshing with this worm-wheel is the worm K, 
which serves to rotate the eccentrio sleeve for feeding the 
cutter (attached to lower end of shaft D) into the work. 
The thrust of the cutter is taken by the roller bearing M 
through the check-nuts N on sleeve F. 

To recess the port A,  Fig. 10, the cutter is lowered to the 
bottom of the port, and the plate H, located by pin 0, is 
fastened by T-bolts to the top of the forging. The jaws C 
are made slightly less in width than the port, so that they 
serve to centralize, as well as to support the eccentric sleeve. 
As the machine spindle rotates, the internal gear revolves 
about the pinion, rotating the latter with the shaft and 
cutter. 

To start the cut, the eccentric is rotated by hand through 
the worm and worm-gear, a handwheel (not shown) being 
provided for turning the worm. As the eccentric sleeve 
rotates, the cutter is swung into the side of the port. The 
greatest depth of cut is reached when the worm-wheel has 
rotated 90 degrees, an indicated in Fig. 10 by the dot-and- 
dash circles representing the cutter. When the cut is com- 
pleted, the worm-wheel is reversed to withdraw the cutter 
from the recess. The tool is then removed and set up in 
the next port, where the other recess is cut. 

Friction-Grip Wire-Feeding Device.- The device shown 
in Fig. 11 can be used for feeding wire on any wire-forming 
or  other machine requiring an accurate feed. The outer 
shell S is mounted on a slide or other reciprocating part  of 
the machine which has a movement equal to the desired 
feed. Cage C is carried inside shell S, bearing with an easy 
sliding fit a t  both ends. This cage has two holes dia- 
metrically opposite each other into which balls B are placed. 
The holes are slightly larger than the balls, so that the balls 
move freely within them. The holes are not full size clear 
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through to the central hole in part C, but end in a conical 
seat, thus allowing the balls to project through to the wire 
W, but preventing them from falling through when there 
is no wire there. Spring P pushes the cage so that the balls 
are carried into the taper portion of S and against the wire. 

In action, the device is moved in the direction of the ar- 
row shown on the diagram. As the balls are in contact with 
the wire and the shell, any resistance to the movement of 
the wire causes them to roll into the taper and grip the 
wire more tightly. This movement is very slight and does 

not affect the accuracy of the device for ordinary purposes. 
As the shell starts on its return stroke, the balls roll out of 
the taper, thereby releasing their grip on the wire. The- 
oretically, three balls should be used in this device, but it 
has been found that two balls are entirely practical. I t  will 
be noticed that several sizes of wire can be fed and that 
variations in the wire do not affect the accuracy of the feed. 

Adiustable-Speed WireFeeding Unit for Wire-Cutting 
Machine.. Various leng.ths of wire for carrying electric 
current are used in the manufacture of a certain product. 
These wires are cut to length and the ends are stripped of 
insulation on a well-known make of wire-cutting machine. 

The wire comes to the factory wound on heavy spools, a 
full spool weighing approximately 175 pounds. The inertia 
of such heavy spools caused an uneven feeding movement 
that resulted in a variation in the lengths of the wires. To 
overcome this trouble, an operator was employed to turn 
the spool, so that a small amount of wire would be kept 
slack a t  the feeding end of the machine. I t  became evident, 
however, that such an arrangement would be too expensive, 
as the job appeared to be one that would last for several 
years. The attachment illustrated in Figs. 12 and 13 was 
built to eliminate the necessity for hand-feeding. 

The spool of wire is indicated a t  the left, Fig. 12. There 
are three large sheaves C, D, and E, and one idler F. Two 
of the main shehves E and D are drivers, being geared to- 
gether and driven by a sprocket and chain which is con- 
nected to a cross-shaft H a t  the end of the machine A, 
Fig. 13. In the driven sprocket is a free-wheeling clutch. 
The shaft to which this clutch is keyed is squared for a 
crank-handle. This permits the train of sheaves to be 
turned forward independcntly of the driving mechanism. 

The original driving shaft of the machine was replaced 
by a longer one. To this longer shaft is secured a large 
friction disk G .  Adjoining this disk and attached by suit- 
able mountings to the end of the machine is the cross-shaft 
H. To the end of this shaft is secured the driving sprocket- 
wheel. Also keyed to this cross-shaft is a small friction 
wheel I which contacts with and is driven by the large fric- 
tion disk. Set into a groove in the cross-shaft is a small 
screw J (see enlarged view). This screw is threaded 
through a half-nut which is secured to the side of the driven 
wheel. The screw is retained in the shaft by means of a 
plate which is fastened to the end of the shaft. By means 
of this screw, the driven wheel is adjusted across the face 
of the driving disk to obtain any desired ratio of speed. To 
facilitate setting the driven wheel, the cross-shaft is scored 
and numbered every half inch, the numbers corresponding 
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to the length of wire that will be fed by the rolls for that 
particular setting. 

In operation, after the wire has been laced through the 
feed-rolls and into the machine, the operator places the 
crank-handle on the squared end of the shaft previously re- 
ferred to, and turns the feed-rolls forward, feeding a small 
amount of slack wire ahead of the wire-cutting machine. 
The wire-cutting machine is then started, which also serves 
to start the feed-rolls. If the length of wire is one that 
has been cut previously, the setting, no doubt, will be fairly 
accurate and the same amount of slack wire will be main- 
tained. However, should the length of wire to be cut be an 
odd size, an approximate setting is made. An occasional 
glance from the operator, while pursuing other duties, de- 
termines whether the feed-rolls are losing or gaining on the 
wire-cutting machine. In either case, a turn of knob K a t  
the end of the screw in the cross-shaft readjusts the feed. 
This can be done while the machine is running. 

Automatic Wire-Tension Equalizer.- On a special ma- 
chine for producing a wire product, numerous strands of 
wire are  woven or interlaced around two lengthwise strands. 
After the required number of interlacings have been made, 
the two lengthwise strands are pulled tightly and the whole 
locked together. I t  is essential, however, that both length- 
wise strands have the same degree of tension during this 
locking action. Hand methods of tensioning had been used 
until the attachment shown in Fig. 14 was developed. This 
attachment automatically maintains an equal tension on the 
two wires. 

The two sprockets A fastened on the driving shaft B 
drive the two sprockets C by means of the chains D, which 
have considerable slack. This slack, because of the direc- 
tion of the drive, will be normally a t  the bottom. A uni- 
form tension is maintained in the wires by means of the two 
idler sprockets E carried on slides F, which, in turn, are 
connected by the equalizing lever G. Sprockets C and 
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drums I are fastened on the short jack-shafts H. The 
lengthwise strands of wire are fastened to studs J on 
drums I. 

When the wires are ready for tensioning, shaft B is given 
a slow rotary motion in the direction of the arrow. This 
motion is transmitted to the sprockets A and C and the 
drums I through the chains D. The idler sprockets E op- 
erate on the tight or load-carrying side of the chains D. 
Therefore, any increase in the tension of the wires will pro- 
duce 8 corresponding increase in the tension of the chains D, 
and also in the pressure against the idaer sprockets E. 

As long as the tension of the two chains D remains equal, 
the lever G will be inactive. However, a s  soon as this ten- 
sion becomes unequal, the sprocket E on the chain having 
the greater tension will be forced upward, causing the 
lever G to force the other sprocket E downward until the 
tension again becomes the same in both chains. Except at  
the very beginning of the tensioning operation, this attach- 
ment scarcely seems to operate. The slightest difference 
in the tension of the two wires is transmitted to the chains 
and idler sprockets, causing an almost imperceptible equal- 
izing movement of the lever G. 

Mechanism for Removing Incompletely Assembled 
Caps from Conveyor Wheel.- Cork disks S, Figs. 15 and 
16, are assembled in caps W by automatic machinery hav- 
ing a conveyor or transport wheel A. Occasionally, the 
mechanism for feeding the cork disks into position for  as- 
sembling becomes jammed, with the result that caps W 
pass to the ring B of the transport wheel A unprepared for 
the operations that are to follow. 

The automatic mechanism shown in Fig. 15 for removing 
the caps that fail to receive cork disks was developed after 
some experimental work and attached to the transport 
wheel. This self-contained mechanism prevents the ineom- 
pletely assembled caps from continuing along the line and 
thus causing unnecessary expense for useless work. The 
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assorting device operates satisfactorily and performs the 
desired sorting operation a t  a point t h a t  could not be 
reached readily by the operator's hand. The principle is 
simple and should be easily adaptable t o  other work of a 
similar nature. 

Ring B is fastened to disk A, the caps W being carried 
in machined recesses provided in ring B. The ring-gear C' 
is attached to the bottom of disk A, and through i ts  con- 
nection with the gear E, serves to  actuate the automatic 
assorter. Gear E is fastened to the flange member F, which 
is part of a spool consisting of two flange members F and G, 
held together by screws H. The spool rests on the thrust 
bearing T and revolves on the spindle P, which is par t  of 
the stationary support R. 

Holes are drilled and reamed in the flanges F and G to  
permit a sliding fit for the plungers D. In order to  pre- 
vent the plungers from twisting in their bearings, a slot U 
is provided in each one in which a set-screw J a& as a 
key. A light spring N keeps the plungers down. Each 
plunger is equipped with a lifter K, pinned in place at its 
upper end. The combined cover and cam-holder 0 is  held 
in position on spindle P by the nut Q. Two cams L and M 
are fastened to the cam-holder 0. 

Operation of the Automatic Cap Assorter.- In opera- 
tion, the movements of plungers D are  controlled by cams 
L and M. The position of the first cam M is shown in the 
view to  the left. In Position 1, Fig. 16, the lifter K is 
shown making its initial contact with the cam surface. 
Position 2 shows the plunger resting so as to clear the cap 
entirely. In Position 3 the plunger is shown released and 
dropped into the cap under the action of spring N, Fig. 15. 
Positions 1, 2, and 3, Fig. 16, correapond to the points 
marked 1, 2, and 3 in Fig. 15. 

The function performed by cam L is  ilIustrated in the 
views to the left, Fig. 16. In Position 4, plunger D is shown 
resting on top of a cork disk inserted in the  cap. The lifter 
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K, irk this case, is raised high enough to permit it. to make 
contact with the cam furface. In Position 5, plunger D is 
shown resting on the bottom of a cap, with no cork disk in 
place. In this case, the lifter K is positioned too low to 
make contact with the cam surface, so that it passes under 
cam L. Sincz the plunger is not raised out of the cap in the 
latter case, it causes the cap to be removed from its position 
in  the transport wheel by the plunger D. In Position 4, 
however, the cap moves on, because the plunger is raised 
sufficiently to allow the cap 
to   eta in its nosition in the 
trgnsport wheel. 

This device can be oper- 
>' ated successfully at  rela- 

tively high rates of produc- 
tion. In increasing the op- 
erating speed, it becomes 
necessary ta .place cams L 
and M farther aGart, in or- 
der to give plunger D time 
t o  drop into the cap before 
the lifter K makes contact 
with cam L. The space be- 
tween the plungers on the 
automatic assorter should 

PIC. 17. Adju~tnble-stroke Mechullam 
be equal to the distance be- 
twee? the caps which are located on the transport wheel. 

Adiusting Stroke without Stopping Machine.-The feeder 
slide on i wire machine is operated by an eccentric mechan- 
ism (Fig. 17), which has an arrangement for varying the 
length of stroke while in operation. ,The shaft A rotates 
the eccentric B, which carries strap C. The upper end of 

- - 

the strap carries an arm, the motion b.i which is trans- 
mitted to the slide through the rod D. The lower end of 
fitrap C has a'.slotted arm, which is positioned by the roller 
B. This roller is carried on block F which slides in a groove 

in the bed of the machine and is adjustable by means of the 
screw G. 

The illustration shows the eccentric a t  its extreme right- 
hand position. The arms on strap C gradually assume an 
angular position after the eccentric has passed the top 
center. The effect is that of a lever with E acting as the 
fulcrum, so that rod D has a movement greater than would 
be obtained by direct connection with the eccentric strap C. 
If the roller E is moved toward or away from the shaft A, 
the effective length of the slotted arm is  increased or de- 
creased; and as  the length of the upper arm remains con- 
stant, its movement is accordingly increased or decreased. 

Adiustable Stroke - Feeding Mechanism for Sewing 
Machines.-The feeding mechanisms of sewing machined 
used for commercial production work must be designed to 
handle a great variety of fabrics. This requires a wide 
range of adjustment in the length of stitch. The parts of 
the mechanism must be so proportioned that they will be 
durable and require a minimum of power for their opera- 
tion. While the method of adjusting the length of stitch 
should be simple and positive, i t  need not be of a character 
suitable for adjustment by the operators. 

Referring to the feed-dog shown a t  B, Fig. 18, i t  is neces- 
sary that the path of travel of this par t  while above the 
throat plate N in the working part of i ts  cycle of motion 
be approximately a straight line. I t  is also desirable that 
the working path of the feed-dog be capable of being tilted 
in either direction from a line parallel with the top of the 
throat plate. The mechanism shown accomplishes these 
several objects in the manner to be described. 

The feeddog B is attached a t  or near the front end of 
the feed-bar A. The rear end of this feed-bar is supported 
by rocker arm C by means of shaft D, about which i t  is free 
to pivot. In a similar manner, the front end of the feed-bar 
is carried by rocker arm E, which is free to pivot a b u t  the 
pin connection F. The rear rocker arm C is pivoted at it8 
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lower end to the frame of the machine a t  G and is driven 
by link H. Link H is pivoted to arm C a t  bearing I. The 
other end of link H is pivoted to the adjustable feed-crank 
J, carried on the end of main shaft K. The lower end of 
rocker arm E is in the form of an eccentric strap L, which 
engages an eccentieic, driven by the main shaft K. This 
eccentric is termed the "feed-lift eccentric." Both the feed 
and lift motions m e  positive, and their combined action on 
the feed-dog resl \Its in a path of motion relative to the 

Fig, 10. Dirvama Bhorln(r Adjuntments of Barin. Maoblne Peading 1Yeohani.m 
for Both Short m d  Lon* Feedins Btroka 

throat plate N such as is illustrated by the dotted lines of 
the two diagrams Fig. 19. 

This arrangement causes the rear end of feed-bar A to 
rise and fall twice with each revolution of the shaft K. The 
amount of this rise and fall depends upon the length of the 
rocker arm and its angular displacement each side of the 
vertical position. In a like manner, the front end of the 
feed-bar will rise and fall, due to the relation between it and 
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the  f ront  rocker arm. The f ront  end of the feed-bar is alao 
caused to rise and fall by the  rotation of the lift-eccentric 
on the  main shaft. It is evident, therefore, that  the rise 
and  fall of the  front end of the  feed-bar will be the result 
of these two actions. The rise and fall of the feed-dog will 
be similar to tha t  of the front end of the feed-bar, but not 
exactly the  same, depending upon i ts  size and location rela- 
t ive to t h e  front end of the feed-bar. 

The upper diagram Fig. 19 shows the adjustment for  a 
relatively short  stitch, and the  lower diagram, the adjust- 
ment f o r  a relatively long stitch. These views indicate the 
relationship between the rocker arms, feed-bar, feeddog, 
throat  plate, and lift-eccentric. The dotted lines in these 
illustrations show roughly the  path of the toe of the feed- 
dog. The path of the heel would be similar to  that  of the 
toe, but not exactly the same. By a suitable proportioning 
of the parts  and adjustment of the angular relationship be- 
tween the feed-crank and the  li ft-eccentric, the feed-dog 
may be caused to  emerge through the  throat plate parallel 
to the latter member and to  travel a very nearly straight 
line parallel with the top of the throat plate. 

By altering the angular relationship between the feed- 
crank and the  lift-eccentric, the  feed-dog may be caused to  
emerge from the throat plate toe first; that  is, the feed-dog 
may be tilted backward at a slight angle. By changing this 
angular relationship in the opposite direction, the heel of 
the feed-dog may be caused to  rise first. These various rc- 
lations of feeddog to  throat  plate a r e  desirable because of 
the  feeding requirements of different kinds of fabrics and 
the kind of seam required. In the design described, exces- 
sive wear and violent velocity changes have been avoided. 
This enables the mechanism to be operated a t  high speeds 
with relatively small wear and  with a comparatively small 
consumption of power. 

Mechanism for Operating Magazine Feed-Slide.- Elec- 
trical knife switches a re  automatically assembled on their 

slate bases in a machine equipped with a magazine that 
feeds the bases to a dial by means of a pusher-slide. An 
interesting feature of this magazine is that, although the 
stroke of the feed-slide is only 4 3/4 inches, this slide serves 
to transfer the base over a distance of 7 1/2 inches. Re- 
ferring to the illustration (Fig. 20), the magazine is shown 
a t  A fastened to the machine frame B. The feed-slide is 
indicated a t  D. It rests on the top of the machine and op- 
erates between two guides, one of which is shown at  F. The 
slide is reciprocated by the oscillating lever G through the 

I 
Fir. PO. Mwhrni:m that reedn Knife Bwltoh B ~ e s  from Magarine A 

to Slot. h the Dial Q 

link H and the stop J ,  stop J being attached to the slide by 
the pivot pin K. 

The lever G is  shown in its farthest position to the right, 
where i t  has carried the base L out of the magazine. As 
the lever and slide move toward their left-hand position, 
base L is carried against the counterweighted pawl M, 
pivoted to  the block N which is secured to the magazine. 
Continued movement of the lever toward the left causes tine 
pawl to push the base off the slide, so that  when the latter 
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has  reached its extreme left-hand position, the base drops 
on top of the machine f rame  B between the guides. 

Since the  bottom base in the stack rests on the pins 0, 
the  stop J must clear the bottom base as  the slide moves to 

Fir. 11. Maebnlrrn for Tr .nrfmin# P u k a g r  from Blrtion tn Statlorn 

18 

its left-hand position. Obviously, as the lever swings to- 
ward the left, the stop will swing in a clockwise direction, 
so that its protruding point recedes below the top of the 
slide. The stop remains in this position until the lever and 
slide are a t  the left-hand end of their stroke, as indicated 
by the dot-and-dash outline. When the lever moves toward 
the right, the dog automatically swings back to its former 
position and pushes base P out of the magazine. In the 
meantime, base L, resting on the machine, is pushed by 
the front end of the slide into a slot in the  dial Q. An added 
advantage of this mechanism is  that i t  can be used effec- 
tively where space a t  the left of the magazine is limited, 
as i t  is in this case by the machine wall R. Ordinarily, a 
long slide would have been used which would have required 
considerable clearance a t  this point. 

Transferring Parts from Station to Station.-In a ma- 
chine for wrapping packages, the conveying mechanism 
shown in Fig. 21 is employed for transferring the packages 
to each successive station. In doing this, the transfer arms 
A must pick up the packages, carry them toward the right 
t o  the next stations, lower them into position, and then, 
after dropping enough to clear the bottom of the packages, 
return to their starting position. A package partly wrapped 
is deposited automatically on the carrier a t  B when the 
mechanism is moving up from the position shown. 

The diagram Y indicates the path through which the 
packages theoretically are moved during one cycle, although 
they rest on bars in the upper position while the carrier 
drops below them when returning, the diagram represent- 
ing the transfer arm travel. An eccentric in combination 
with a cam is used to obtain this movement, although two 
cams could be used that would cause the package to follow 
the path indicated a t  2; or two eccentrics might be used if 
the motion imparted would be suitable. 

The two carriers A support both ends of the packages, 
while the slide beneath supports the carriers and is con- 
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nected by link F to the lever G pivoted on stud H. The slide 
is operated through this lever arrangement by the cam J 
which engages the roll K attached to the yoke L. Shaft  M, 
which drives the entire mechanism, passes through the 
yoke, while a pin a t  N pivots the yoke to the lever. Sup- 
porting the slide that carries the transfer arms A is a 
bracket P to which the slide is dovetailed. This bracket i s  
mounted on two levers shown a t  Q and R, which are  free to 
pivot on the studs S. Connecting link T ties these levers 
together, and increases the strength of the assembly. Form- 
ing part of the lever R is an arm U to which is pivoted a 
connecting-rod V fastened to the eccentric strap W. Both 
the eccentric C and the cam J are  pinned to the drive 
shaft M. 

In operation, as the shaft M revolves, the movement of 
the eccentric causes levers R and Q t o  oscillate in the direc- 
tion of the arrow, thus raising bracket P. In the mean- 
time, a dwell on the cam prevents the slide from moving 
to the right or left. When the carrier reaches the position 
shown by the dotted outline, the cam operates lever G ,  so 
that the slide is moved to the right; the dwell on the cam 
then holds the lever stationary until the eccentric swings 
the lever R back so that the carrier will be in the position 
indicated at X. The cam then operates lever G to bring the 
slide back to its starting position. As the eccentric travels 
continuously through an arc, a t  no time will the slide be 
held stationary, the path of the carriers being curved ; how- 
ever, for practical purposes, this departure from a straight 
line movement may be disregarded. If it is desired to con- 
trol this mechanism so that there is no up or down travel 
while the slide is traversing, a cam may be substituted for 
the eccentric. The dwells and rises on the cams may then 
be varied so that the path of travel will be as shown a t  2. 

Elevating Pile of Sheets to Keep Top Sheet in Alignment 
with Feod Rolls.-The top sheet in a pile is automatically 
kept in approximate alignment with a pair of feeding rolls 

by the mechanism shown in Fig. 22. I t  i s  used for feeding 
sheets to a paper-tube rolling machine and can be readily 
adapted to the feeding of metal sheets a s  well. 

The rectangular sheets A are  stacked on the vertical slide 
B mounted on the machine C. This slide is given a vertical 

Pig. OX. Yechmism thnt Keep. Top Sheet of Rtrok in Y ~ u i n e  in 
Llne wlth Peed.rolL 

feeding movement by means of the screw D secured to  the 
slide. The screw engages a nut E which is an integral part  
of the ratchet wheel F. Bearing G, cast  on the machine 
frame, serves as  a support for the nut and ratchet wheel. 
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The latter is rotated to feed the screw and slide B upward 
by means of the pawl H pivoted to the oscillating bar J. 
This bar receives its movement through the constantly ro- 
tating crank K, and a t  its left-hand end is connected to link 
L. Link L, in turn, is connected to the bar M which slides 
in a guide on the slide B. At  the top of bar M is a cross- 
piece N ,  which rests on the top of the sheets. 

As indicated, slide B is loaded with sheets and the suction 
cups 0 have raised the end of the top sheet preparatory to 
carrying i t  forward and between the moving belts on the 
rolls P. These belts then transfer the sheet to the rolling 
mechanism. This top sheet is under the cross-piece N. The 
pawl H remains out of engagement with the ratchet wheel 
and there is no upward feeding movement of slide B until 
N, together with bar M, link L, and arm J, drops down fa r  
enough to cause pawl H to engage the teeth in the ratchet 
wheel, rotating the latter and feeding screw D. 

Now, as cross-piece N travels upward with the top sheet, 
arm J will once more lift pawl H out of engagement with 
the ratchet wheel and thus stop the feeding action of the 
screw and slide B when the top of the pile of sheets has 
been elevated to  the required level. 

To permit reloading of the magazine, bevel gears Q and 
R are provided. Gear Q is keyed to the nut, while gear R 
is  keyed to a shaft which turns freely in bracket S cast on 
the machine. The shaft for gear R is square a t  its outer 
end to  accommodate a hand-crank used for  moving the slide 
manually to i ts  loading position. At this time, pawl H is 
swung up out of engagement with the ratchet wheel. 

Mechanism for Stacking Articles at the Delivery End 
of a Conveying Belt.- The basic mechanical motion used 
in the mechanism illustrated in Fig. 23 has various applica- 
tions and should be of interest to machine designers. In 
this case, i t  is applied to the problem of stacking articles 
which are being carried along a conveyor belt. Its advan- 
tage for this work is that  i t  will handle articles in varying 
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quantities or singly, a s  
the case may be. In  
this instance, the arti- 
cles, shown by dot-and- 
dash lines, a<e stacked 
five high and are dis- 
charged on a roller 
conveyor as shown. 

The operation of the 
mechanism is based on 
the "firing"cof a trig- 
ger T which is moved 
to  the position shown 
by the dotted lines by 
a single article, which 
will then allow the 
conveyor belt to slip or 
pass beneath until the 
elevator K rises to the 
upper position, indi- 
cated by the dotted 
lines. This places the 
article at the bottom 
of tbe preceding arti- 
cles which make up 
the stack. The article 
is prevented f r o m  1 1 
dropping back by four 111. 04. 8eottona.l vim or s taot ln l  

YsohLnlom Shawn In Ft#. SS 

latches U *hich are  
hinged in the side walls. Each article, of course, supports 
the on% above i t  until the pile is complete, when the  entire 
stack is moved to the right. 

The action.of the lower part of the mechanism is a s  fol- 
lows : An '8scillating movement is imparted to  the rocker 
arm O!, b;'the driver shaft which rotates continuously. 
This shaft carries an eccentric E and, in turn, is connected 

to arm OF. This arrangement causes a r m  OL t o  oscillate 
through the angle a. The secondary arm HLW, which is 
carried on a rm OL, will pick up plate P under certain con- 
ditions, to be described, and swing arms O A  and SB to  their 
upper positions. 

It is, of course,, understood that  these a rms  carry the 
elevators K and thata the  "pick up" action is accomplished 
as a result of the  "firing" of the t t tgger  T which allows the 
catch arm to drop off the small pin E and the  lower end R 
to assume the position shown by the dotted lines. The cam 
arm YC and a rm YR a r e  tied together and t u r n  or  swing 
as one piece on the pin Y fixed in the frame. Par t  HLW 
also carries a small pin D which strikes roller R, and when 
in the lower position, locks into plate P on the upward part 
of the oscillating movement of arm OL. At  the same time, 
cam C is moved to the position indicated by the dotted lines 
to the left. This action relatches the trigger T on pin E if 
no article is in position to be raised to the  stack. 

The discharge action may be arranged to  take place on 
the return or downward part  of the stroke. When the fifth 
article has raised arm J ,  the latter arm, which is connected 
to a bolt clutch finger of standard design, causes the part 
indicated a t  Z (Fig. 24) to  rotate one complete revolution. 
Through suitable connections, which a r e  clearly indicated, 
this action moves pusher G to tie' position indicated by the 
dotted lines a t  GI and returns i t  t o  its normal position. This 
movement transfers the stack of five pieces t o  the roller 
carrier and completes the cycle, af ter  which t h e  operations 
are repeated automatically. 

Variable Rotary Movement for Operating Shell Hop- 
...p er.- Brass shells are fed to a thread-rolling machine by 
*means of a rotary hopper attached t o  t h e  machine. After 
expnsive experiments, i t  was found t h a t  a variable rotary 
movement of the hopper drum increased its efficiency; that  
is, more shells per minute could be fed by the drum when 
the pulsating movement was used. The mechanism shown 
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in Fig. 25 was designed to give the required pulsating 
movement. 

With this arrangement, the drum is rotated a partial 
revolution a t  a slow velocity through a train of gears and 
a double roller clutch. The remaining part  of the revolu- 
tion is imparted by a crank which causes the roller clutch 
to over-run so that  the drum rotates a t  a relatively rapid 
velocity. 

The drive-shaft B is supported in the bearing C, which is 
an integral par t  of the machine. On this shaft is keyed the 
pinion D, which meshes with the gear E, keyed to sleeve F. 
The left-hand end G of this sleeve forms the core of a roller 
clutch; the outer ring for this core is indicated a t  H. The 
sleeve on ring H is supported in the bearings J and K, and 
its bore provides a bearing for the core sleeve F. Keyed to 
the ring sleeve is the gear L, which meshes with gear M, 
keyed to the drum shaft A. 

I t  will be noted that ring H forms the core for the second 
or outer roller clutch, the ring for this clutch being indi- 
cated a t  N. The long shaft 0, integral with this ring, is a 
free fit in the bore of core sleeve F, and a collar a t  its right- 
hand end serves to lock in position all the members sup- 
ported in bearings J and K. On an offset boss on the side 
of ring N is pivoted the connecting-rod P, the lower end of 
which is connected to the crank disk Q, keyed to shaft B. 

As shaft B rotates one-half revolution in the direction of 
the arrow, core G turns in a clockwise direction (see end 
view), rotating ring H and gear L with it. As a result, 
gear M and drum shaft A turn a t  a constant velocity in a 
counter-clockwise direction. In the meantime, crank Q, 
through rod P, rotates ring N in a counter-clockwise direc- 
tion; but, a s  the clutch rolls between members H and N 
are free a t  this time, this movement does not affect the 
movement of shaft A. However, as soon as shaft B com- 
pletes one-half revolution, the crank reverses the rotation 
of ring N. Now as this ring rotates a t  a much higher 
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velocity than core G, the rolls between members G and H 
will be released, so that  ring H will over-run and rotate 
gears L and M and drum shaft A a t  a high velocity. This 
high velocity of shaft A continues until shaft B has com- 
pleted i ts  second half revolution, after which the movement 
of ring N is again reversed, thus permitting the rolls to 
wedge between members G and H. This will cause mem- 
ber H to rotate the drum shaft a t  the slow velocity. There 
is practically no over-run of the drum when its velocity 
changes from high to low, owing to the frictional contact 
of the drum with the shells in the hopper. These slow and 
fast movements of shaft A are repeated alternately, impart- 
ing the required pulsating movement to the hopper drum. 

CHAPTER XV 

FEEDING AND EJECTING MECHANISMS 
FOR POWER PRESSES 

Power presses and dies are  utilized fo r  such a large vari- 
ety of manufacturing operations that  many different types 
of feeding, ejecting, and other mechanisms have been de- 
signed. I11 fact, a large volume could be filled with mech- 
anisms of this class alone; hence th is  chapter is not in- 
tended as a treatise on such mechanisms but it does contain 
illustrated descriptions of a number of feeding and ejecting 
mechanisms which incorporate in their design certain me- 
cllanical principles likely to be of value to users of a book 
on  the general subject of mechanism. 

Inverting Shells After they Leave the Hopper.- Some 
hoppers used for feeding shells to power presses a r e  de- 
signed so that  the closed end of the shell will enter the feed- 
tube first. To permit this type of hopper to  be used for 
work in which the shells are required to  enter the press dial 
with the closed ends a t  the top, some means must be pro- 
vided for inverting the shells after  they leave the hopper 
and before they enter the dials. 

This may be done by employing the  device shown in 
Fig. 1. Here i t  will be seen that  the shells leave the hopper 
tube and drop into recesses in the disk A. These recesses 
are equally spaced and the disk is indexed one space for 
every cycle of the press. The indexing occurs during the 
upward stroke of the ram. Motion is transmitted t o  the 
disk for this purpose by means of the link R and the lever 
C. At  one end of lever C is mounted a pawl which engages 
the ratchet wheel D. The ratchet tu rns  freely on the shaft  
E and transmits the required rotary motion to  the  disk A 
by means of friction washers (not shown). 
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In  the position shown, a shell has just entered the top 
depression in the disk, with its closed end a t  the bottom, 
while a t  the lower part of the disk another shell has dropped 
into the  press dial with its closed end a t  the top. One-half 
revolution of the disk A is required to  invert each shell. 

1 

I I 
Pb. 1. dlmpla %rim for Inrerthg Bheb bofore they Enter the D i d  ?rou 

The stationary guard F provides for retaining the shells in 
the disk. It will also be noted that  one corner of each of 
the impressions in the disks is beveled. This is done so 
that  a s  this corner passes the hopper feed-tube i t  will not 
jam the shell in the end of the tube, but will force it up- 

ward into the tube. In case the stroke of the press i s  such 
as to cause the  disk to be indexed more than one division, 
the link B can be equipped with a coil spring acting against 
the connecting member of the press ram, and a stop can 
be provided for  lever C, so that  the latter'will oscillate only 
the required amount. 

It may also be added here that  the friction drive fo r  the 
disk A provides a means for  stopping the  disk automatically r 

in case of jamming when defective shells are  fed through, 
in which case the guard F should be made removable, so 
that  the shell can be extracted. After t h e  shell is extracted, 
the disk must V? rotated by hand until i t  assumes the cor- 
rect position relative to the ratchet wheel. Corresponding 
lines scribed on both of these members may be employed for 
this purpose. It is evident that  this arrangement may also 
be used for  feeding shells into the dial with their closed 
ends a t  the bottom, provided, of course, that  they leave the 
hopper tube with their closed ends at the  top. ; 

Hopper Attachment far Feeding all Shells';vith Their 
Closed Ends Up.- Regardless of whether shells are  fed 
from a hopper with the closed end at the top o r  a t  the 
bottom, the attachment shown in Fig. 2 will deliver them 
to  the press dial with the closed end at the top. This de- 
vice greatly simplifies the design of t h e  hopper, inasmuch 
as no attention need be paid t o  the position in which the 
shell leaves the hopper opening. By modifying the design 
of the attachment shown, the shells may also be delivered 
to  the dial with the closed end a t  the bottom. Hence, by 
constructing two demountable attachments, shells may be 
made to enter the dial with the closed end a t  the top o r  a t  
the bottom, only one hopper being employed in both cases. 

The shells a re  fed from the hopper into the tube A. From 
the tube, they drop into openings in the  annular r ing R, 
which is given an  intermittent rotary motion by means of 
the ratchet wheel C and ratchet lever D. This lever is given 
an oscillating movement through the link E which is  carried 
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in the press ram;  and for every cycle of the ram, the ring 
B is rotated one division. If all the shells were to  drop 
into the ring in the position indicated at F, they would drop 
out of the lower end of this ring in the  proper position to 
enter the press dial G. But when a hopper of the design 
mentioned is employed, the shells can take the position 
shown as they pass down into the tube A. Hence, provision 
must be made fo r  delivering all the shells to the press dial 
with the closed end a t  the top. The shell G must be in- 
verted before i t  reaches the dial. Instead of the shell being 
carried around with the ring, however, it will be forced 
down through a hole in the stationary core H by means of 
the plunger K secured to  the press ram;  and from there it 
will pass once more through the ring and into the tube J. 

When a shell in the position indicated a t  F is indexed to 
the top of the  ring, i t  will not pass down through the core 
H, as the plunger K will simply enter i t  without making 
contact. The shells are prevented from dropping by gravity 
a t  the top of the ring by a spring (not shown) which bears 
against the side of each shell a s  i t  passes this point. The 
tube 3 is made long enough to contain six shells, or half the 
number that  can be held in the ring B. This length of tube 
was necessary, as, with a shorter tube, i t  is possible for the 
shells t o  pile up and be carried around once more past the 
tube A. 

The ring is operated through a friction disk from the 
ratchet wheel C, and the position of the holes in the ring, 
relative to the hole in the core H and the  tube J, is governed 
by the downward movement of the lever D, which is limited 
by the stop L, secured to the base M of the device. The base, 
in turn, is securely fastened to the press bed. Lever D 
strikes stop L before the downward stroke of the press has 
been completed, link E sliding, against the pressure of a 
coil spring, in a projection on the press ram. In  case a 
damaged shell is indexed into position under plunger K, the 
plunger, instead of moving downward, will be held sus- 
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pended, a s  i t  telescopes within the holder N, and the shell 
will be prevented from passing down into core H (see also 
simple device for feeding shells open end up, Volume 1, 
page 456), 

Feeding Split Rivets to Power Press.-The automatic 
feeding mechanism, Fig. 3, is used for feeding split brass 

Fig, 8. Rota17 Hopper for Feedin. Bpllt Eiveta to Dial k. 

rivets to a dial on a power press, where they are assembled 
into porcelain fuse plugs. The hopper A, fastened to  a 
bracket on the press in a position above the dial, is equipped 
with the four-bladed member C. For each revolution, mem- 
ber C is dven  an intermittent motion including four equally 
spaced dwells, through the action of the gears D and F 

keyed to shafts E and P, respectively. Shaft  P is the driv- 
ing member for the hopper, and receives its motion through 
a chain drive connected to the press crankshaft. 

The rivets are placed in the reservoir R, and as member 
C revolves in the direction of the arrow, some of them will 
straddle the blades, a s  shown in the cross-sectional view x-x. 
As the member C continues t o  revolve, the  rivets slide along 
the curved edge of the blade until they arrive a t  the posi- 
tion shown a t  T. Each blade dwells long enough a t  this 
point to permit the rivets to slide off and into the chute 
0. To facilitate the delivery of the rivets to the chute, the 
latter was constructed to support the rivets under their 
heads (see section !I-y), the strips M acting a s  a guard to 
prevent them from piling up on each other on the incline. 

The top of the chute is kept clear of incorrectly delivered 
rivets by the sliding finger L. This finger receives i ts  mo- 
tion from the lever I, pivoted a t  G, and is actuated by the 
revolving cam K which engages the lug J. The spring H 
carries the finger toward the hopper, while the outward 
movement is positive. The plate N serves as a gib for the 
sliding finger L. 

Feeding Round Pins to a Dial Press.-A hopper for 
feeding round pins to a dial press is shown in Fig. 4. With 
this design, the open end K of the revolving conical coil of 
tubing E is continually passing through the mass of pins 
in the hopper reservoir L, some of which enter the tubing 
a t  K and slide, both by gravity and by the  pushing action of 
the pins entering, down the incline t o  t h e  center of the coil 
where they pass into a stationary tube F leading to the 
press, 

The bracket C ,  fastened by screws t o  another bracket A 
on the press, has two bosses which serve as  bearings for 
the turned shank A! on the revolving member G. The latter, 
driven by the flanged pulley B, which is connected by a belt 
to a pulley on the press crankshaft, serves as a holder for 
the coil E. The lower end of this coil is straight and passes 



462 FEEDING AM) EJECTING MECHANISMS FEEDING AND EJECTING MECHANISMS 463 

down through the shank M into the swaged end of the sta- 
tionary tube F, while the upper end of the coil passes at an 
angle through the face of the outer flange on the member G, 
a s  illustrated a t  N. The hole for the tubing in member G 
at N is first cut  through with a n  end-mill, and af ter  the tube 
has been properly located, i t  is babbitted in place. The 
babbitt is next doweled to member G t o  complete the  joint. 
With this type of hopper, the length of the pins to be fed 
governs the diameter of the coil. Such a hopper could not 
be used for very long pins, as the diameter of the coil would 
have to  be so large as to be impractical. 

Eiecting Shells that Enter Hopper Chute Wrong 
Side Up.- Among the many problems encountered in de- 
signing hoppers for feeding shells t o  dial presses is the 
delivering of each shell to the dial r ight side up. This is 
accomplished in one plant by means of the device shown in 
Fig. 5. The device is attached to the table of the press a t  
the dial end of the chute, and is equipped with a vertical 
plunger for keeping in the chute those shells tha t  have their 
open sides up. Another plunger ejects from the chute the 
shells that have their closed sides up. 

A screw shell A is shown a t  the end of the chute B. This 
section of the chute is adjacent to the dial (not  shown) and 
is secured in the bracket C; the bracket, in turn,  i s  fastened 
to the side of the press table. Slide D, equipped with a 
spring-actuated ejecting plunger E, is mounted in bracket 
C,.and is given a reciprocating movement by means of the 
bell-lever F. This lever is oscillated by a link on the arm 
G ,  which is bolted to  the press ram. 

A vertical sleeve H ,  also secured in  this arm, supports 
the spring-actuated plunger J. This plunger serves t o  pre- 
vent those shells that  have their open sides up from being 
ejected from the chute. For example, the  shell A is shown 
with its open side up; now, as the press ram descends, 
plunger J enters and bottoms in the shell. As the ram con- 
tinues to descend, the plunger remains stationary; in the 
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meantime, the slide D has advanced toward the left, forcing 
plunger E against the side of the shell. Continued down- 
ward movement of the  ram will merely result in both 
plungers J and E collapsing into their holding members. 
Thus, plunger J acts as a lock, preventing plunger E from 
forcing the shell out of the  chute. 

Just  before slide D has completed its movement toward 

the left, the latch L snaps into place behind the shoulder on 
plunger E, locking this plunger to the  slide. Consequently, 
when the slide is returned toward t h e  right, the pressure 
of plunger E on the shell will be released before the vertical 
plunger J leaves the shell. If this provision for  locking 
plunger E were not made, the shell would be forced from 
the side of the chute. However, jus t  before slide D has  
reached its extreme position a t  the right, latch L is disen- 
gaged from the plunger by coming in contact with the  sta- 

Fir. 8. Aotlon of Device Shorn In Fir. 6 In Ejeotlnr Sholl from the Chute 

tionary pin M. This allows plunger E to return to  its 
ejecting position in the slide. At th is  time, however, both 
plungers a re  out of the chute; hence the shell is f ree  t o  
enter the dial. 

When a shell enters the  chute with i ts  closed side up, it 
comes into position under plunger J, which, in this case, 
rests on top of the shell. Then, when plunger E moves 
toward the left, the shell will be pushed out of the chute, 
as shown in Fig. 6. During the ejecting process, the vertical 
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l%. 7. H o m r  of Impla D n k a  for Pod- Wuhor. to a M a \  ?nu 

plunger merely drops off the edge of the shell and t o  the 
bottom of the  chute. This plunger i s  forked to allow i t  t o  
straddle plunger E. It will also be noted tha t  a guide rail K 
is provided to  retain the shells in the chute while the eject- 
ing device is  inoperative. This rail is spring-actuated t o  
allow it  to  return to i ts  normal position. The ejected shells 
drop on a belt conveyor and are returned to  the hopper. 

Hopper for Feeding Washers to a Dial Press.-The 
hopper shown by the diagram Fig. 7 was designed for 
feeding special brass washers to a dial press, where they 
are assembled to  electrical toggle switch levers. As slide B 
passes up and down through the mass of washers a t  A, some 
of the washers drop into spaces L or  M, which a re  slightly 
wider than the  washers, and roll down the incline a t  the 
top of the slide and thence intol the chute C. The slide is 
shown in its lowest position, the highest position being indi- 
cated by the  light dot-and-dash lines at I. 

The reciprocating movement of slide B is  obtained from 
a crank which is connected to  the bracket J on the  slide by 
the link E. The washers are prevented from jamming at 
the entrance to  the chute by the wheel D. This wheel, re- 
volving in the direction of the arrow, i s  driven by a sprocket 
and chain from the hopper crankshaft, and i s  equipped with 
eight flat spring projections which agitate the washers 
sufficiently t o  insure a uniform flow down the  chute. The 
sides of the  hopper are  carried down a t  K t o  resist the 
side thrust of the slide set up by t h e  hopper crank. Any 
dirt which may enter the hopper will pass out through the 
chute. The lugs G, cast integral with the hopper, provide 
a means for  fastening the  hopper t o  the bracket F on the 
press. 

Automatic Eiector of Lift Type  for Press Dial.-Fig. 8 
shows a device for  ejecting an  assembled shell from t h e  dial 
of an inclined press. The device is attached t o  the press ram 
by bracket J, which holds the  post B with the pins E on 
which fingers A are pivoted. The operation is a s  follows: 
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l'k. 1. Woe tor LjwtIaa k a u n b l d  P u t  f n m  W .( 
b a l b d  

When the ram starts to descend, the fingers A are closed at 
the lower tips, so that they will enter the hole in the work ' W, which consists of two assembled shells. Before the ram 
reaches the end of the down stroke, the stop K pushes the 
sliding plates D and C upward. These plates are connected 
by shoulder pins F. The illustration shows the beveled part 
on plate C leaving the fingers A so that the spring G is per- 
mitted to open the lower tips inside the work. 

When the ram starts to ascend, the shell is  gripped and 
lifted up out of the diaI. Before the ram reaches the top 
of the upward stroke, the stop H, connected with the press 
frame, pushes plate C down. The beveled part  of plate C 
then comes in contact with the upper end of fingers A, caus- 
ing the tips to close and allow the work to  drop down a 
chute and slide into a container, thus completing the cycle. 
The press is operated a t  a speed of about 75 revolutions per 
minute. 

Device for Eiectins Fuse Plugs from Dial ~ r e s ~  by 
Lifting Fingers.- A device used for ejecting porcelaif? fuse 
plugs from the dial of a press is shown in Fig. 9. In this 
press, the plugs are  assembled with the metal caps that re- 
tain the isinglass covers. To eject the plugs, two spring 
fingers A, pivoted on the swinging arm B, are provided. 
The arm is mounted on a cam bushing C, the bore of which 
is a slide fit over the post D to allow vertical and rotary 
movement of the bushing. The post is stationary, and is 
secured to the press by means of the cast-iron bracket E. 
In  the side of post D is secured the pin F, which engages 
the cam slot in the bushing and imparts' the required oscil- 
lating motion to the arm B during the vertical movement 
' of the bushing. 

A .flange a t  the top of this bushing engages the bracket G, 
which is secured to the press ram, so that as  the ram re- 
ciprocates, the arm B will be given a combined vertical and 
oscillating movement. 

As shown, the fingers A have gripped the plug prepara- 
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tory to ejecting i t  from the dial. In this position, the ram 
is a t  its lowest point. As i t  ascends, the plug is lifted clear 
of the dial, and further upward motion of the ram causes 
the  pin F to slide in the angular part of the cam groove 
and swing both bushing and arm enough to carry the plug 
over the edge of the dial. At  this point the top ends of the 
two fingers A come in contact with the stationary stop H, 

PL.. 0. E j e c t l n ~  Derlce for r D1.1 Press rhlch Lllt. the Work from tb Md and 
Dopaltl It In r Coatrlnar or Chute 
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which opens the fingers, allowing the plug to drop into a 
chute a t  the side of the machine. From the chute, the plug 
slides into a container. A coil spring J is provided to give 
the  required gripping pressure to the fingers. Also, in 
order to locate the fingers properly over the plug, centraliz- 
ing pins K are provided. Although the stop H is shown in 
the  illustration directly over the plug, this is not i ts  actual 
position; i t  is placed a t  one side of the dial so that  i t  will 
release the fingers only when they are above the chute. 

Magazine Die with Stop which Shifts while Eiecting 
Work.- Several automatic magazine dies used for piercing 

F1#. 11. Stop Operatad by the Yeohanlam Illustrated In Pi#. 10 

and trimming operations on previously blanked parts  are 
equipped with stop mechanisms like that shown in Fig. 10. 
During the upward stroke of the press ram, this mechan- 
ism serves to move the work locating stop A toward the 
right t o  permit the finished part to be ejected and a new 
blank to  be put in place. Before the ram has reached the 
top of its stroke, the stop returns to its former position 
against the new blank. During the entire downward stroke 
of the ram, the stop is stationary. 

As indicated in Fig. 11, stop A is riveted to the slide B, 
which is mounted in the die bolster. Cam-arm C (Fig. 10) 

direction of the arrow. A t  the top of the  stroke, the lower 
end of this a r m  assumes a position corresponding with the 
sectional area in Fig. 11, and is normally held there by the 
spring-actuated plunger D. As the press ram descends, the 
angular edge at the bottom of the projection E on the a rm 
engages edge F on the slide, causing the  a r m  to swing in 
the direction of the arrow. Upon the continued descent of 
the ram, the projection E passes the  corner at F, allowing 
the arm to swing back to  i ts  normal position. During the 
entire downward stroke, slide B is held against the die by 
the spring-actuated plunger G, and therefore remains sta- 
tionary. 

As the ram begins to ascend, the angular edge a t  the  top 
of projection E engages the under side of the corner a t  F, 
causing the slide to be moved toward the right. A t  this 
point, the finished part  is ejected from the die and a new 
blank is slid into place by means of the  magazine feed slide 
(not shown). As the ram continues i t s  upward movement, 
the projection E leaves the slide and t h e  slide is returned by 
plunger G to a position against the new blank. The blank 
is thus located centrally over the die in readiness f o r  the 
next downward stroke of the punch. The action of the stop 
slide can be timed accurately by adjusting the  a rm to  its 
correct position along the  hinge H. 

Oscillating Arm for Dislodging Pieces that Obstruct 
Hopper Feed Exit.-In using hopper feeds of the flat, re- 
volving disk type shown in Fig. 12, there may be trouble 
due to jamming of the work on the aligning str ip A at the 
point where the pieces leave the hopper. The purpose of 
str ip A is to  line up the work so tha t  i t  will enter the chute 
opening in a predetermined position. The clogging of the 
hopper exit results in loss of production and unnecessary 
wear on the punch and die members. A s  an operator often 
runs three or  four presses of this kind, jamming or clog- 
ging of the work in the manner referred t o  may not  be 

is pivoted to the punch-holder and can be swung in the noticed immediately. 
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The entire device is mounted on the baseplate B. This 
plate is secured to the under side of the hopper feed hous- 
ing. The gear C is an integral part of the driving shaft, 
which revolves a t  a speed of 100 revolutions per minute. 
The idler D transmits motion to the cluster gears E and F. 
Gear F meshes with gear G, which is free to revolve around 
the driving shaft and is riveted to cam H. Cam H revolves 
a t  10 revolutions per minute. 

The piece of work T which has obstructed the exit of 
the hopper is swept away or dislodged in the following 
manner: The circular cut-out on the cam H causes a sweep- 
ing motion of arm I from S to Z when the cam-roll L drops 
into the cut-out. The cam-roll is attached to lever K. Link 
J connects lever K to lever N. Lever N is riveted to  the 
holder 0 of the arm I. Cam-roll L is kept in contact with 
the periphery of the cam by spring M. The small spring P 
provides flexibility for the arm I on the return movement. 
The shoe Q serves as  a guide and steadyrest for lever K. 
The mechanism described can, of course, be applied to work 
of various shapes by making suitable alterations. 

Transfer Mechanism for Stacking Parts on Rods w 
They Leave the Die.- In making parts such as shown in 
the lower right-hand corner of Fig. 13, i t  was necessary to 
stack them on rods with the irregular-shaped holes in cor- 
rect alignment as  they left the combination piercing and 
cut-off die. Stacking the parts in this manner facilitates 
subsequent operations. The transfer mechanism shown in 
Figs, 13, 14, and 15 provides an efficient means for stacking 
the parts. It: is mounted at the right-hand end of the die 
and is operated by a cam attached to the  punch-holder, the 
parts being stacked on rod W. 

Referring to Figs. 13 and 14, the punch-holder A carries 
the piercing punch B and the cut-off punch C. On block Dl 
which is secured to the die-bed, are mounted the slides E 
and F. Slide E carries the auxiliary cross-slide G which 
supports the shaft  H a t  its left-hand end. The right-hand 
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end of th is  shaft is supported by a double over-hanging 
bearing which is part of slide E. The left-hand end of shaft 
H is enlarged and recessed to slip over the end of the work 
shown a t  J. 

Slide F is given a reciprocating movement by means of 
the cam K on the punch-holder through lever L and roller 
1M. Bracket X supports lever L a t  its upper end. Slide E 

Fig. IS. Fmnt Eleratlon of Ysohnlan for Tnnsferrlng Put1 Direct from tb. 
Dle to the Stacking Bod 

is backed up by the spring N on the flanged stud 0. The 
flange of this stud serves as a stop for slide E. Slide G car- 
ries roller P, which is held in contact with cam Q by spring 
R. Slide E carries the spring-actuated latch S which en- 
gages slot T in slide G, and is connected to slide F by the 
slotted lirtk U .  

As indicated in all three views, the ram is in its lowest 

position. The s t r ip  has been fed toward the right, i t s  end 
entering the  recess in shaft  H. The p a r t  i s  then pierced 
and cut off by punch C. Slides E and F (see Fig. 14) a re  
in their extreme right-hand positions. Latch S is held up 
out of engagement with slot T by link U, the  screw a t  the 
rear end of which is in contact with the  rea r  of slide F. 
Slide G is  a t  i ts  extreme left-hand position (see Fig. 13) 

Fir. 14. Blde Elevation of Transfer Mechmlsm, Showin# the Actlon o f  the Slides 
Operatin. tho Trmnfer Member 

with the roller P in contact with the low part of cam Q. I t  
will be noted in Figs. 14 and 15 that  the front edge of work J 
is in alignment with the axis of the shaf t  H, so that  when 
this shaft rotates, the work will rotate around i ts  own front 
edge. 

As the ram ascends, the cam K, acting on lever L, moves 
slide F toward the left until i ts  inner end is in  contact with 
the inner end of slide E, which, up to this point, h a s  re- 
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mained stationary. Prior to this, the motion of slide F has 
been transmitted to link V, which causes shaft H, to which 
the link is keyed, to revolve 90 degrees. At this point the 
work is standing on edge. Latch S has been permitted to 
swing downward; but as  i t  is not in alignment with groove 
T, i t  merely rests on top of slide G. 

Further upward movement of the ram causes slide F to 
push slide E toward the left, so that the work is placed over 
rod W. As the ram continues to move to the top of its 

stroke slide G is drawn to the right by the action of roller 
P on cam Q. The work cannot follow this movement, being 
restrained by the rod W in the work-slot; hence shaft H is 
entirely removed from the work, allowing the latter to drop 
to the bottom of the rod. At this point in the cycle of 
operations, slide G is in its original position, at which time 
latch S is free to drop into the groove T, thus locking slide 
G to slide E. 

As the ram descends, slides E and F move toward the 
right until the flange of stud 0 comes in contact with block 
D, which discontinues the movement of slide E. The move- 
ment of slide F, however, continues, and through link V re- 
volves shaft H to its original position. As slide F ap- 
proaches the end of its return movement, i t  engages the ad- 
justable screw on link U, disengaging latch S from slide G 
and causing this slide to be drawn to the left (see front 
elevatiori, Fig. 13) by spring R. After slide G moves to- 
ward the left, the enlarged end of shaft  H is in position to 
receive the end of a new part, thus commencing another 
cycle of movements. Rod W is about 4 inches high and will 
accommodate 500 pieces. I t  can easily be removed from the 
die when it has been completely filled, and replaced by an- 
other rod, after which the cycle of operations is repeated, 

N r .  16. Plan Via- of Tranlfer Yoohminm. Shawl- the Porltion of 
the Part tfter Entarlnr the Tranrfer Ysmbar 
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CHAPTER XVI 

MISCELLANEOUS MECHANISMS OR 
MECHANICAL MOVEMENTS 

Whenever mechanisms have a similar function or a com- 
mon operating characteristic, they have been grouped to- 
gether in chapters both in this volume and in Volume I to 
assist the user in finding whatever general type of mechan- 
ism may be wanted. In  this chapter will be found mechan- 
isms of such a miscellaneous character that they cannot be 
placed in any general classification. 

Spherical - Elliptical Movement of Sewing Machine 
Double-Lock Stitch Mechanism.- Many of the sewing ma- 
chines used in manufacturing clothing, bags, awnings, etc., 
use what is commonly known as a double lock stitch. These 
machines have two needles operating a t  right angles to  each 
other. The lower needle operates beneath the throat plate 
that  supports the goods being stitched. This needle is com- 
monly termed a "looper," as i t  does not pierce the goods, 
but passes into and out of the loop of thread made by the 
other needle in its vertical motions. The loop of thread is 
formed a t  the desired location below the throat plate during 
the upward motion of the needle by permitting the thread 
to become slack a t  the proper time, thus causing i t  to buckle 
and form the loop. A mechanism used to impart the re- 
quired motion t o  the lower needle, or looper, is shown in 
Fig. 1. 

The looper A is required to pass very close to the needle 
in taking up the loop of thread. It must hold this thread 
loop and position itself on the opposite side of the needle's 
path by the time the needle has descended below the  throat 
plate in forming the next stitch. From this i t  is apparent 
that  the looper must have a back-and-forth motion a t  right 

angles to the  needle and a t  right angles to  the  direction in 
which the goods travels. In  addition, the  looper must have 
a back-and-forth motion a t  right angles t o  the needle in the 
line of travel of the goods being stitched. This latter mo- 
tion is commonly called the "avoider" motion, since i ts  ob- 
ject is to avoid o r  prevent interference with the needle. The 
path followed by any point on the looper A consists of a 
closed curve tha t  resembles an  ellipse bent to fit the  surface 
of a sphere. 

The main shaft  B carries the flat s t r a p  eccentric C and 
the ball-joint eccentric D, which drive the  rocker a r m  E, 
mounted in the spherical bearing F. A r m  E carries the 
looper A. Eccentric C imparts motion to a r m  E by means 
of pin G, which passes through the center of bearing F with 
which i t  is in sliding engagement. This gives the looper A 
an oscillating movement. Eccentric D, by means of i ts  con- 
nection with the  ball-ended bellcrank H and Iink J, causes 
arm E to oscillate about the center of pin G, so that  A moves 
back and forth between the positions shown by the full lines 
and by the dotted lines a t  M. 

I t  will be noted that  eccentrics C and D impart motions 
to A which a re  approximately a t  right angles t o  each other, 
in producing the  spherical-elliptical movement. Eccentric 
C gives the needle the "avoider" motion, while eccentric D 
imparts the motion that  causes the looper to  pass in and out 
of the thread loop formed by the needle tha t  pierces the 
goods. 

Considering the  action of eccentric C in producing the 
"avoider" motion, i t  will be noted that  only one component 
of the circular motion of this eccentric imparts motion to 
the looper, the  other component resulting in pin G sliding 
through the ball joint in F. With reference to eccentric D, 
it will also be noted that  only one component of this circular 
motion is imparted t o  looper A through i t s  connection t h e r e  
to by means of bellcrank H, link J, ball-pin K, and rocker 
arm E,  whereas the other component of this motion causes 
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PLAN VIEW 

----- 

Fig.  1. Hechmlnm in whlch Ball Joints. Link.. and L e r m  Operated by Two Eccentrla are 
Uled to Obtain Bphsrlcal-elliptical Yovernant of Member A 

rotation about its connection with the bellcrank H. Thus 
the motion imparted to the looper A may be considered as 
being the resultant of two circular motions a t  right angles 
to each other. The relative values of these two motions 
have been changed by means of levers, in order to give to 
each the desired amplitude. 

The motion described could be obtained from a single ec- 
centric, except for the mechanical difficulties encountered in 
obtaining suitable proportions for the components required 
for such motion. The motion produced by the mechanism 
illustrated is the resultant of two simple harmonic motions 

Fk. S. Ybohmlun for Producln# Bhaarinr Yotiom 

a t  right angles to each other, each being modified by the 
length and angularity of the connecting links. This form 
of looper drive is adapted to high speeds, since i t  is rela- 
tively simple, has few parts, and the few rapidly moving 
parts required can be made quite light. There are no violent 
changes in velocity, and the energy changes and friction 
losses are thus kept at  a minimum. 

Shearing Motion which Varies Angular Position of 
Blade.-The mechanism shown in Fig. 2 was applied to  a 
shearing machine to obtain an action approximating that 
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of hand-operated shears. The mechanism is arranged to 
make one complete cycle of movements automatically when 
the driving clutch is engaged. The sides S of the shearing 
machine serve as  guides for  the cross-bar E which supports 
the movable blade above the stationary blade F. As the 
crank disks D revolve, the ends of the movable blade are 
carried to different positions, as shown a t  points B,, B2, B3, 

and B, on the left, and by CI, C2, Cs, and C4 on the right. 
When the left-hand end of the blade is a t  B,, the right-hand 
end is a t  C1, and when the left-hand end is a t  Bs, the right- 
hand end is a t  C2, and so on. This wabble or shearing ac- 
tion is  obtained by locating one of the crankpins 90 degrees 
ahead of the other. 

The successful operation of the mechanism is made pos- 
sible by the spherical pin and connecting-rod bearings A. 
These bearings were easily produced from soft steel balls 
purchased from stock and bored out to  a press fit on the 
bearing pins. The boxes a t  the ends of the connecting-rods 
were formed by pouring babbitt over the balls while the 
two parts were mounted on a surface plate in their proper 
relative positions. A few strokes with a soft-faced ham- 
mer served to loosen up the bearings sufficiently to  permit 
them to operate satisfactorily. 

Grease lubrication is provided by a hole drilled through 
the bearing after the babbitt was poured. This hole crossed 
another hole leading from the outer end of the pin. Side 
motion of the holder E is prevented by using curved guides 
having sufficient clearance to  prevent binding. Machines 
equipped with this shearing mechanism are used in con- 
nection with the production of cotton batting and similar 
fibrous parts. 

Transmitting Motion to Indexing Plunger by Steel 
Balls.- A rather unusual application of steel balls for  trans- 
mitting motion t o  an indexing plunger on a dial press is 
shown in Fig. 3. The plunger J slides in the fixed bearing 
I and receives its motion from the lever A through the steel 

balls H. The lever oscillates about the fixed stud B, and its 
lower end engages a slot in the member C. The latter is 
a sliding fit in the stationary bearings D and E, and a s  the  
lever A oscillates, member C forces the  balls up the tube, 
causing the plunger to move upward into the dial. The 
plunger is returned to  the position shown by the coil spring 
K which also keeps the balls in contact with member C. It 
is obvious that  with this simple device the  tube containing 
the balls may be bent to almost any shape desired, permit- 
ting i t  to clear any member of the machine. 

w. I. Tnnunfttlng Motlon to a Plunrer wlth Steel B J L  Carrdned In a Tnbe 

Counter Used on Type-Setting Machine.- In setting 
type on a linotype machine (for lay-out pages), each line in 
the different sections is counted so t h a t  the type set will 
agree with the lay-out calculations. With the instrument 
shown in Fig. 4, however, no mental effort is required, as 
the, actual count is registered automatically on the dial a t  
X, which is returned to  i ts  zero position by one simple mo- 
tion of the operator's hand. 

The lower par t  of the counter is bolted to a stationary 
bracket on the frame of the machine. An  adjustable finger 
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attached to a reciprocating member on the machine strikes 
the end of the lever B, causing the pawl C to advance the 
ratchet wheel D one tooth, or one graduation on the dial. 
The dial continues to register until the required number of 
lines to be cast is indicated. The operator then depresses 
lever F, causing the dial to return once more to the zero 
position ready for the next group of lines. When the lever 
F is depressed, the cam-plate H forces the pins in pawls C 
and G outward, disengaging the pawls from the ratchet 
wheel and allowing the clock spring E attached to both cam- 
plate and dial to return the dial to the zero position. Stop- 
pins (not shown) are provided to limit the return move- 
ment of cam-plate H and lever B, as well as that  of the dial 
on its return t o  the zero position. The counter is located on 
the machine so that the dial is a t  right angles to the line of 
vision, assuring easy and accurate reading. 

Mechanism for Advancing and Lifting Parts to Clear 
Lugs of Conveyor Chain.-In a production line where a 
chain conveyor is used, it is sometimes necessary t o  lift the 
article conveyed clear of the lugs on the chain while the 
chain is in continuous motion. 

The mechanism shown in Fig. 5 was developed to meet 
a requirement of this kind. The article conveyed in this 
case is required to  be rapidly advanced ahead of the chain 
travel a t  the last station and brought into position where it 
can be elevated by an auxiliary mechanism before it is over- 
taken by the chain lugs. 

The action of this entire unit may be summarized as fol- 
lows: As the chain conveyor carrying the work travels 
along, arm E swings up and in back of the work, rapidly 
advancing i t  throughout its forward motion. After the 
work has been lifted clear, the arm swings in back of the 
next article. 

In the side view the articles conveyed are indicated a t  
A and B. There is a pair of chain conveyors a t  C, which 
travel in the direction indicated by the arrow D. The arm 
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E is in contact with the work and has advanced it ahead 
of the position it would normally have reached as  a result 
of the conveyor movement. The mechanism is shown a t  
the completion of the advance movement. This mechanism 
has  a grooved cam F which revolves with shaft G. Over 
the block H is assembled a yoke J ,  which carries a roll K 
that  rotates in the cam groove, causing yoke J to  oscillate 
horizontally. 

This action, through the medium of rod L, causes lever 
M to rock shaft N back and forth. A similar movement is 
imparted to a pair of levers P which, in turn, transmit a 

Fk. 6. Ybchrniun fm Bri . ln~ Work from Chain Conrayor m d  Adrmohr it to Opsratlns Porllon 

longitudinal reciprocating movement to a pair  of rods Q. 
Rods Q transmit a rocking and transverse movement t o  the 
unit consisting of arms E and levers R, which results in  ad- 
vancing the work A and B and returning the  unit t o  i ts  
starting point. 

The side view shows the work B fully advanced, while 
the lower view at the right shows the position of the  vari- 
ous members during the first portion of the return move- 
ment of arm E, as rod Q advances in t h e  direction indicated 
by arrow S. This movement causes a r m  E to  pivot about 

Fir. 6. Det.U. of Friction Dnl AppUe-d to Lever 8, Nm. 6 

stud T as  a center until lug U comes in contact with the 
side of the lever. It will be noted that, during the  advance 
movement, the lug V was in contact with the other side of 
lever R. When the  lug U is in the position shown in the 
view in the lower right-hand corner, the top of a rm E is 
below the level of the work, as indicated at W, although 
lever R has not yet been moved. Continued movement of 
rod Q in the direction indicated by a r row S causes lever R 
to be pushed t o  the  left until the entire mechanism assumes 
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the  position indicated in the upper view, where lug U i s  still 
i n  contact with the lever and the arc of travel is indicated 
by X. 

Another article has now been brought forward, a s  shown 
at Z, and the position of arm E is such that rod Q, in pulling 
a r m  E to the right, will cause i t  to pivot about stud T until 
it swings behind the work 2, when lug V will be in contact 
with lever R. 

Continued movement of rod Q will cause the article a t  Z 
t o  be rapidly advanced ahead of the chain travel, so that  
another mechanism (not shown) can pick up the work and 
raise i t  clear of the chain lugs into the position indicated 
at Y. 

To insure that arm E will pivot about stud T during the 
first movement of the advance action and the first move- 
ment of the return action without imparting any movement 
t o  lever R, the latter lever is constructed as illustrated in 
Fig. 6. Lever R is shown as  pivoting on the short shaft  A,  
which is pinned a t  B to the sida frame C of the machine. 
Two lock-nuts D permit the tension exerted by the spring E 
against the lever to be so adjusted that  its movement is 
retarded until there is a definite pull in either direction that 
i s  sufficient to assure the correct functioning of the mech- 
anism. 

Air-Chuck Valve that Reduces Air Consumption Forty 
Per Cent.- In shops using a large number of air  chucks 
f o r  machining purposes, the air  consumption may be re- 
duced as much as 40 per cent by utilizing the type of pneu- 
matic apparatus to be described. The full-line pressure is 
commonly used for both opening and closing the chuck. 
While the full-line pressure is required for closing the 
chuck, only a fraction of this pressure is needed to  release 
the  jaws. 

By means of the valve shown in Fig. 7 the same ai r  is 
employed for  opening the jaws as is used for closing them. 
The principle can be more clearly explained by referring 
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to a diagram of the  a i r  cylinder (Fig. 10). This cylinder is 
designed so tha t  when the chuck is closed, the space on both 
sides of the piston will be about the  same, as indicated. 

To release the jaws, the r is ton must be  moved toward the 
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left. This is done by exhausting air from side A into side 
B until the pressure in both sides is equal. The air  in side 
A is then exhausted into the atmosphere, leaving side B 
with about one-half of the line pressure-about 50 pounds 
-to expand and push the piston toward the left, in this way 
releasing the jaws. It is very seldom that a pressure of 
more than 45 pounds per square inch is  required to release 
the  chuck jaws. 

The valve (Fig. 7) that  controls the air in the manner 
described is  of the rotary self-seating type, which requires 
no packing. The position of the various ports in the valve 
body and disk are  shown clearly in the detail views, Figs. 8 
and 9, the reference letters corresponding in all views. 

P11. 0. Datrll Vhw of the Vrlve DLk 

With the valve lever in the position indicated in Fig. 7, 
the  a i r  entering at line pressure passes over the disk a t  A, 
up  through the hole B in the disk, out through port C in the 
body, and into the pipe D which leads into the left-hand side 
of the cylinder. The air  entering the cylinder forces the 
piston toward the right and closes the chuck. During this 
movement, the a i r  is exhausted from the  right-hand side of 
the  cylinder through pipe E, port F in the body, port G in 
t h e  disk, port H in the body, and out through the exhaust 
opening to the atmosphere. 

To release the jaws, the lever is swung toward the left 
until i t  comes into contact with the spring stop K. A s  t h e  
lever commences its movement toward the  left, ports G and  
H are disconnected, thus closing the exhaust from the right- 
hand side of the cylinder. At  this time, ports C and B a r e  
also disconnected. closing the inlet and confining the a i r  a t  
line pressure to  the left-hand side of the  cylinder. Con- 
tinued movement of the lever causes port G to  connect ports 
C and F, so that  the air is by-passed f rom the left-hand side 
of the cylinder to the right-hand side until the pressure on  
both sides of the piston is equal. Fur ther  movement of t h e  
lever disconnects port G from port F, thus  closing the lat ter  
and confining the air  to the right of the cylinder. 

As the lever comes in contact with the  spring stop K, 
port G connects ports C and H, and the a i r  on the left side 
of the cylinder is exhausted into the atmosphere. Thus, 
a i r  a t  a pressure of approximately one-half the  line pres- 
sure is left on the right of the cylinder. This air  expands, 
pushing the piston toward the left and opening the chuck 
jaws. If for  some reason 1 

this pressure is insufficient 
to release the jaws, the 
lever is forced farther to- 
ward the left, depressing 
the spring stop I<. This 
additional movement of the 
lever causes port L to  con- 
nect with port F, so that  
a i r  a t  line pressure enters rk. lo. DIhrrun or ~ i r  Cy1Ind.r with Pinton 

In "Clo#sd Ohuck" Pomitlon 
a t  the right of the piston 
and overcomes the resistance. When released, the lever will 
immediately spring back to the unchucking position, shut- 
ting off the line pressure. 

Mechanism for Winding Spherical Cores for Golf Balls.- 
Cores for golf balls are produced by winding a soft rub- 
ber band on a spherical rubber center. The thin rubber 
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band is approximately 1/16 inch wide and must be wound 
evenly about the rubber center under uniform tension. The 
completed core must have a t rue  spherical form. These re- 
quirements necessitate a somewhat complicated winding or 
rotational movement, in order to have the crossing points 
of the rubber band evenly distributed over the spherical 
surface of the core, which i s  constantly increasing in size 
during the  winding operation. 

The principal elements of the mechanism that  provides 
the  necessary winding movement a r e  shown in Figs. 11 and 
12. The work is started by placing the rubber center be- 
tween the  four truncated cones o r  rollers J (Fig. 12) 
mounted in the right- and left-hand winding heads B. The 
rollers a r e  kept in contact with the core by the  compressive 
action of the  helical springs P, which allow the heads to 
recede equally as the diameter of the  core increases. The 
bellcranks V equalize and centralize the  outward movements 
of the winding heads so tha t  the core is always kept in 
the  central position. The bellcranks are  connected with a 
treadle tha t  permits the  operator to  withdraw the  heads, 
so that  the  finished core TI' can be removed. The two ball 
casters indicated a t  N (Fig. 11 ) serve to  guide or retain the 
core in its proper position between the rolls. 

The two winding heads B (Fig. 12)  have hollow shafts  0 ,  
which are geared to a countershaft (not shown) a t  the rcar 
of the rnechaniam. The countershaft i s  beltdriven and irc 
provided with a handwheel a t  one end t o  allow the mechan- 
ism to be operated slowly by hand for making adjustments. 
The  shafts A ,  which run inside shafts  0, are  also geared to 
the  countershaft and run at a somewhat higher speetf than 
sbaf ts  0. Shafts A provide for the secondary revolving 
movements imparted t o  the core by the four rollers through 
the bevel gears C and D, and the intermittent gears E, F, 
G, and H. The shafts of gears H drive the  two upper rollers 
J, and the  shafta of gears F drive the lower rollera J ,  
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mounted on the two opposed heads B. Thus different move- 
ments are imparted to the upper and lower rolls. 

The four rollers have their conical surfaces spotted to  
give a better frictional grip on the core. The winding op- 
eration consists of feeding the rubber band by hand over 
the first and under the second tensioning rolls R (Fig. 11) 
and on through the guide slot S down on the soft rubber 
core which revolves rapidly in two directions simultane- 
ously. The feed guide with the tensioning rolls attached 
swings on a fulcrum pin T (Fig. 12). A helical spring 
(not shown) attached to the guide provides the proper 
winding tension. The winding movements are obtained 
from the constant rotation of the  heads B in the direction 
indicated by the arrows, combined with the motions im- 
parted to the core by the four rollers J driven by the in- 
termittent gears E, F, GI and H. These movements are so 
timed that  the  rubber band is wound on the rubber core 
evenly. 

When the core reaches the finished size, the machine is 
stopped automatically through an electrical contact made 
by the spindle of one of the receding heads. While the 
approximate winding movements described appear quite 
simple, the exact path followed by any particular point on 
the spherical surface of the core is somewhat complicated, 
a s  will be apparent when the effect of the difference in 
speed of the shafts A and 0 is considered in conjunction 
with the rotational movements obtained by the four in- 
termittently rotated rollers J and the constant rotational 
movement of the heads B. 

Loading and Discharge Door Control for Enameling 
Oven.- An oven for baking the enamel on automobile 
wheels is so arranged that the wheels roll down gravity 
runways through the oven and are automatically discharged 
into runways which lead them either to the next operation 
or to the loading dock for shipment. The baking time f o r  a 
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given length of oven depends entirely on the rate at which 
the wheels are put in. 

In operation, the wheels are placed twelve abreast in corn- 
partment A (see vertical longitudinal section, Fig. 13). The 
operator, using handle B, then raises the  door, which is 
made of three panels-4 ,  D, and E-all mounted rigidly on 
a common frame and suspended from above. As the door 
is raised, panel C rises, closing compartment A, and panel D 
rises, letting the twelve wheels roll into the oven. Simul- 
taneously panel E rises, opening compartment F, which has 
been closed a t  the back by panel D. Compartment F is now 
ready to be loaded with twelve wheels, after  which the door 
is lowered again to  reload compartment A. 

The door a t  the discharge end is similarly constructed, 
and provides a n  automatic escapement fo r  the wheels. The 
doors are connected by two cables which pass over sheaves 
above the oven and thus counterbalance each other. The 
two sheaves a t  each end are keyed to  the  shafts in order to 
keep the doors on an even keel and make them work freely 
in their guides. The two doors being connected, the dis- 
charge door is automatically lowered when the charging 
door is raised and vice versa, thus releasing a row of wheels 
every time a row is put in and keeping the  oven full all the  
time. The man at the loading end sprays the wheels and 
places them in the runways, closing the  door when he has  
inserted twelve wheels. Then, without further labor or 
attention on the part  of the operator, they a r e  baked the 
proper length of time and delivered t o  the  next operation. 
With a given number of wheels per hour t o  be baked, any 
desired length of baking time may be obtained by making 
the oven of the proper length. Another point to be noted 
is that  the doors are  closed' practically all the time, which 
cuts down the loss of heat to  a minimum and also adds 
greatly to the comfort of the operator. 

Short-Stroke Mechanism for Operating Fixture Lock- 
Pin.- A semi-automatic facing fixture used on a single- 
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spindle drill press carries six castings that are equally 
spaced around the circular table of the fixture. As each 
casting is indexed around to the machining position, where 
i t  is faced by a profie cutter, the fixture table is locked in 
the proper position by a 3/8-inch tapered pin which enters 
a tapered hole. The mechanism to be described is for op- 
erating this stop-pin. Fig. 14 shows sectional and plan 
views of the stop-pin mechanism. The slide A,  which is lo- 

Xealunlon lor O]wmtla# tba Ph that Loch Table of Fbtm 
During Yachlnlar Oporrtlen 

cated on one side of the fixture, has a stroke of 1 5/8 inches. 
One and one-half inches of this stroke are utilized for in- 
dexing the fixture 60 degrees and the additional l/&inch 
movement is all that is necessary for withdrawing the s t o p  
pin. 

Attached to slide A is a pin J, which engages a slot S in 
lever R. The lever R is free to swing about the fixed pin 

K, and carries an extension C, which is free to  swing about 
pin H. The outer end of lever C has inclined surfaces B, 
E, and F, which come into contact with a roller D on the 
stop-pin when lever C-R is turned about pin K. 

The plan view shows the mechanism in the position i t  
occupies just before the stop-pin is withdrawn. When slide 
A moves in the direction of the arrow, pin J, acting against 
lever I?, brings inclined surface B beneath roller D ; 1/8-inch 
movement of slide A is sufficient to lift the stop-pin out of 
engagement. Before roller D has passed the end of surface 
E, the hole from which it was withdrawn has been moved 
from beneath the pin by the indexing movement of the fix- 
ture derived from slide A through a pawl (not shown), 
which engages one of six indexing pins. Soon after the end 
of surface E has passed roller D, the swinging movement 
of the hinged lever C-R discontinues, as slot S has moved 
around to  a position parallel to the movement of slide A; 
consequently, slide A and pin J continue their movement 
without affecting the position of the slotted lever, and this 
additional movement of A is utilized to  index the fixture 
60 degrees. 

During the return movement, slide A ejects the machined 
casting. When pin J engages the curved end of slot S ,  the 
lever C-R is forced back to the position shown, and the in- 
clined surface F engages the opposite side of roller D, forc- 
ing i t  into the next stop-pin hole as  lever C swings upward 
about the pin H against the action of spring G. As soon as 
the end of lever C has passed roller D, the lever is forced 
downward by spring G to the position shown in the sec- 
tional views. When in this position, lever C rests against 
slide A, as  shown by the lower sectional view. The fixture 
is now in position for machining the next casting, after 
which the cycle of operations just described is repeated. 
The pin H, about which lever C swings, is made adjustable 
to compensate for  wear or for  variations caused by regrind- 
ing the chasers and the edges of the facing tool. 
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Mechanism of Contour Grinding Machine.. The mech- 
anism shown in Fig. 15 controls the traversing movement 
of a grinding wheel in such a manner that hardened cutters 
can be quickly and accurately ground to contours such as  
are indicated by the three outlines (see upper right-hand 
corner). By simply moving the handle H from left to  right, 
the grinding surface of the wheel a t  A will follow a path, 
such as is indicated by the line AIBICIDl (lower center dia- 
gram). In this case, the wheel grinds the straight surface 
from A1 to Bl, and without pausing forms the radius from 
Bl to C,, continuing to the point Dl,  the side C,D, being 
ground a t  right angles to  side AIBl and the corner formed 
in one continuous pass. 

By reversing the movement of handle H, the wheel is 
caused to travel back along the same path to  the starting 
point Al. Provision is made for setting the machine to 
grind the sides AIBl and ClD, to any included angle from 
70 to 110 degrees instead of 90 degrees as shown, and with 
a radius of curvature a t  the corner of from 0 to 1 1/2 inches. 

During the movement of the grinding wheel from Al to 
B, the handle H revolves about the center line Y-Y, trans- 
mitting the required longitudinal movement to carriage V 
which slides on C. The gear train that  transmits motion 
from gear G to the rack V1 secured t o  carriage V is shown 
in section. It will be noted that handle H is secured to gear 
G, which is actually a segment gear. 

When the grinding surface of the wheel reaches point BI, 
the revolving movement of handle H about axis Y-Y is 
automatically stopped and continued pressure on the handle 
causes the carriage V and slide C to revolve about the ver- 
tical axis of shaft D until the grinding surface of the wheel 
reaches the point C1, when further movement about the axis 
of shaft D is stopped, and lever H again revolves about axis 
Y-Y, causing the wheel to travel from C1 to Dl. 

The grinding wheel is directly connected to the motor, 
which is mounted on the cross-slide B on carriage V. The 
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distance X from the center line of shaft D to  the grinding 
face of the wheel determines the radius of curvature of the 
corner. Carriage V is fitted to the slide C, which is secured 
t o  the top surface of shaft D. Shaft D thus supports the 
slide C, carriage V, cross-slide B, and the grinding wheel 
and its driving motor. These parts all swing together about 
the  axis of shaft  D during the corner-forming portion of 
the  traversing movement. 

Underneath slide C and fastened to the supporting frame 
o r  member are two plates I and J, also shown in the plan 
view (see left-hand illustration). These plates have stops 
K and L and cut-out portions on their peripheries which 
terminate in the cam surfaces a t  T and U. The spacing 
between T and L on plate I is  definitely fixed, a s  is also the 
spacing or relationship of K and U on plate J. These plates 
a re  adjustable around tZle center of shaft D, and may be 
clamped in any desired position. The angle between T and 
U determines the angle of rotation of shaft D and slide C 
in forming the corner and, consequently, the included angle 
between the sides of the piece ground. 

Midway of the  length of slide C and in line with the 
center of the shaft D is a vertical shaft 0, supported by 
bearings on slides C and N. On the upper end of shaft  0 
is a two-tooth segment of a gear which meshes with a single 
rack tooth Q, attached to  the mid point of the front face 
of carriage V. Also fixed to  shaft 0 are two arms S and R, 
provided with rollers which make contact with the periph- 
eries of plates J and I. The arms are offset vertically, so 
tha t  S is in line with plate I ,  and R in line with plate J. The 
plan view shows the relative positions of the parts a t  the 
middle point of the comer-forming portion of the traverse 
movement. At  this stage of the traverse movement of the 
grinding wheel, the shaft D is  free t o  rotate in its bearings, 
and a movement of handle H to the right causes slide C 
and all parts attached t o  i t  t o  swing to the right about the 
vertical axis of shaft D. With the tooth Q in mesh with the 

two teeth of segment PI a s  shown, and the roller in a r m  S 
in contact with the periphery of plate I ,  movement of car- 
riage V along slide C is positively prevented. 

Rotation of slide C will continue until a r m  S drops into 
the cut away portion T ,  a t  which point slide C makes con- 
tact with stop L and further rotation about the axis of shaf t  
D is positively prevented. When the roller of a rm S drops 
into T  and the parts a re  locked by stop L against fur ther  
rotation about the axis of shaft Dl t h e  tooth Q is released 
from contact with the locking teeth of segment P by the 
rotation of shaft  0. This leaves the carriage V free to  slide 
on member C, so that  resumption of the  turning movement 
of handle H about axis Y-Y will complete the grinding 
movement along line CIDI. 

When the movement of handle H i s  reversed, carriage 
V will slide along C until tooth Q enters the space between 
the two teeth of the segment P on shaf t  0. The continued 
motion of V and, consequently, the rotation of shaft 0, 
causes the arms S and R to rotate until the roller in S is 
free of the opening T and the roller in arm R is in contact 
with the periphery of plate J. 

When R makes contact with J, fur ther  motion of V on 
C is prevented, but rotation of C about D is permitted un- 
til R enters U and C makes contact with stop K, thus com- 
pleting the corner-forming movement from C1 to  BI. The 
carriage V can now slide on C and the  revolving movement 
of handIe N to the left about axis Y-Y completes the move- 
ment of the wheel from B1 to Al. 

When the rotating movement required in forming the 
corner to a radius is taking place, all par ts  of the mechan- 
ism are  locked against relative movement with each other, 
and the motion of handle H acting on gear E through gears 
G and F causes the complete assembly to revolve about the 
axis of shaft  D. The combination of movements is caused 
by the continuous movement of H. There is no hesitation 
in the movement a t  the corners when rotation s tar ts  o r  
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stops, and no lost motion in the locking and unlocking ac- 
tion of the mechanism. 

Mechanism for Smoothing Foil Wrapper Over  Ends 
of Tapered Package.-Rods having a compound rotary 
motion are employed to  smooth the creases of foil-wrapped 
cigars or other objects having tapering ends. Four round 
rods are arranged in a group a t  A, Fig. 16. Four rods are 
also arranged in a group a t  B. Each rod has a ball-shaped 
end mounted in a two-piece socket C in which the rod is 
free to pivot. 

A group of springs D, of which eight are used in each 
unit, tie the rods flexibly together. In the center of Fig. 17 
is  indicated a tubular part X having an irregular shape with 
tapering ends, such as a foil-wrapped cigar. The cigar has 
been encased in its wrapper cylindrically and is to  have the 
foil smoothed out and creased taperingly a t  the ends so that 
i t  folds smoothly over the irregularities and depressions of 
the rough-shaped ends. 

To accomplish this, two entire mechanisms or units such 
as  the one illustrated in Fig. 16 are employed, a s  shown in 
Fig. 17. The left-hand unit is shown a t  Y, and the right- 
hand unit a t  2. The upper rods A are revolved in the direc- 
tion indicated by the arrow E while the lower rods B are 
revolved in the direction indicated by the arrow F, the 
direction of rotation being determined by the bevel pinion 
drive. As each rod comes in contact with the wrapping 
on the work X, i t  smooths and creases it. The springs 
yield sufficiently to allow the  rods to  ride smoothly over the 
wrapping. 

Each rod head, of which four are shown in Fig. 17, has 
eight springs D attached to four retaining screws G, two 
springs being attached to opposite sides of each of the rods 
A and B. The rod sockets are mounted on plates H, Fig. 16. 
Plates H are attached to gears J; thus the revolving of each 
large gear K causes the smoothing rods A and B to revolve 
continuously and stroke the work lengthwise while the foil- 

wrapped par t  is held stationary in gripping fingers L. 
In addition, the entire rod-actuating arrangement is 

mounted on a bracket M, which, in turn, i s  attached to  a 
large gear N. Gear N is caused to revolve, thereby carry- 
ing the entire arrangement about the axis Q. Thus t h e  
rods not only work lengthwise along the wrapping b u t  
radially as well. These combined movements serve t o  d r a w  
the wrapping tight. The bevel gear P is revolved by shaf t  
R which causes bevel pinions S to drive gears K tha t  op- 
erate the bar-holding members. The rod-actuating units 
are comparatively small, and form one section of a n  entirely 
automatic machine. 

Mechanism for Preventing C r e e p  of Wire - M e s h  
Conveyor Belt.- Wire-mesh belts a r e  used in a certain 
plant for feeding lacquered parts through drying ovens. 
Because of unequal stretching of the wire, however, the  belt 
had a tendency to creep to one end of the driving roll and 
against the machine frame. This often resulted in dam- 
age to the belt. To overcome this difficulty, an idler roH 
was incorporated, as indicated a t  G in the diagram Fig. 18. 

This roll is pivoted a t  C. End D is automatically swung 
either to the right or left, according t o  the direction of belt 
creep. For example, if the belt E creeps toward the  r e a r  
of the driving roll F ,  idler G immediately swings toward 
the right, causing the belt to  return t o  its normal path. I f ,  
on the other hand, the belt creeps toward the front, t h e  
idler will swing toward the left and return the belt a s  be- 
fore to its normal path. 

The automatic movement of this idler is produced by 
means of the ratchet mechanism shown in Fig. 19. This  
mechanism is  indicated a t  A in Fig. 18, and operates a 
screw represented by the dot-and-dash line B. This screw 
engages a nut on the swinging bearing D. Base A, Fig. 19, 
is stationary, and on it is mounted ratchet wheel B and the 
double pawl C. The ratchet wheel i s  pinned to shaft  D 
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and has closely spaced teeth cut on each side which are en- 
gaged by the pawl. Pawl C is pivoted on stud F in the 
vertical slide G and has an extension paddle H which is 
kept in contact with the edge of the belt by the counter- 
weight J. 

Slide G and pawl C are given a continuous vertical re- 
ciprocating movement by means of the pulley K through 
the crank L and the connecting-rod M which is pivoted a t  
i ts  upper end to the stud F. Pulley K receives its motion 
from another member of the conveyor (not shown). The 
screw engaging the nut on the swinging roll bearing is 

shown a t  N and is rotated by the ratchet wheel through 
the miter gears E. 

With the pawl in the position shown, the belt is running 
in its central position on the driving roll ; hence neither end 
of the pawl engages the ratchet wheel. However, if the 
belt were to creep, say, toward the left, the edge of the belt 
would force paddle H also toward the left, causing the pawl 
to  swing on stud F. As a result, the hooked end of the pawl 

FIs. 19, Rrtohet Yeahrnhrn f o ~  AutonutlcrLly S w l l ~ l n #  the Idler Boll h t o  
Position to Prevent Crwp in r Wirbmelh Conveyor Belt 
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would engage the teeth in the ratchet wheel, rotating the 
ratchet wheel, miter gears, and screw N. As the screw ro- 
tates in the nut on the bearing roll, the roll is swung in the 
correct direction to guide the belt, through the angular posi- 
tion of the idler roll, back to the center of the driving roll. 
If the belt should creep toward the right, the movement of 
the paddle would cause the straight end of the pawl to en- 
gage the right-hand side of the ratchet wheel. As the teeth 
on this side of the wheel are cut opposite to those on the 
other side, the screw would rotate in the opposite direction 
and cause the idler roll, in turn, to swing in the opposite 
direction. 

CHAPTER XVII 

ENGINE VALVE DIAGRAMS AND THEIR APPLICATION 
IN STUDYING VALVE ACTION 

The "valve-gear" or mechanism for operating the valve 
(or valves) which controls the admission and exhaust of 
steam in an engine cylinder is a comparatively simple mech- 
anism especially if the engine has a single slide-valve; how- 
ever, even the simplest form of valve-gear provides an in- 
teresting example of a mechanism requiring correct timing 
or relative action between certain main parts. This timing 
pertains to the action of the valve relative to the piston 
and steam ports, and it is secured first by proper design of 
the valve and its mechanism and finally by correct adjust- 
ment of the assembled parts. In connection with the design, 
so-called valve diagrams are used to determine in advance 
the action of a valve of given design. These valve diagrams 
and their application will be explained because of their re- 
lationship to the general subject of mechanism. 

Diagrams which Show Valve Action.-When designing 
a slide-valve for a steam engine and the mechanism which 
operates the valve, it is desirable t o  be able to determine 
readily the position of the valve relative to the steam ports, 
for any given position of the crank o r  piston. Valve dia- 
grams are commonly used for this purpose. These dia- 
grams not only show graphically the relative positions of 
the valve and crank, but make it possible to design a valve 
with reference to a predetermined form of indicator card. 
Valve diagrams also indicate the effects of changes in the 
design of the valve on the steam distribution. In connec- 
tion with steam engine work, certain problems or quantities 
relating to the point of cut-off, lead, etc., are assumed, and 
the remaining ones are required and may be determined by 
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means of the valve diagrams. For instance, a designer 
might be given the point of cut-off, point of release, the 
lead, and the maximum port openings, the problem being 
t o  determine the valve travel, the outside and inside lap, 
and the angle of advance. By means of a suitable diagram, 
the valve travel, lap, etc., corresponding to these specified 
quantities may be readily determined. There a re  several 
different forms of valve diagrams, the Zeuner and the 
Bilgram diagrams being the ones most commonly used, The 

Fk. 1. M m  Shodnc Sl ide VJmn wlth and wlthoat k p  and 
Positioru of Ecaentria Relrt lve  to h k  

methods of laying out these diagrams and using them, in 
connection with steam engine work, will be described after 
considering some fundamental features of slide-valve de- 
sign, so that  the practical application of the diagrams may 
be more readily understood. 

Position of Valve Relative to Ports.-A plain "D" slide- 
valve is represented a t  A in Fig. 1 on its seat and in mid- 
position. The steam lap or  outside lap S is the amount by 
which the valve extends over the port on the admission side 
of the valve, when in mid-position on its seat. Similarly, 

E is the exhaust lap, or  inside ktp, a n d  is the  amount by 
which the valve extends over the port on the exhaust side, 
when the valve is in mid-position on i t s  seat. The necessity 
for having lap on a valve is shown by considering the lap- 
less valve a t  B. Any movement of the  valve to  the right 
will admit steam behind the piston, and  the other side of 
the piston will be open to  the  exhaust. The admission of 
steam on one side and the opening of the  exhaust on the 
other will continue until the valve returns t o  its mid-posi- 
tion, which will occur when the piston is a t  the  other end 
of its stroke. Such a valve arrangement as  this would per- 
mit of no expansion of the steam in the  cylinder; in other 
words, cut-off occurs a t  full stroke. This is an  uneconomical 
type of valve. 

For  the lapless valve, t h e  relative positions 01 the crank 
and eccentric a r e  shown a t  D. It is  necessary, for  the ec- 
centric to  be 90 degrees from the  crank, in order tha t  the 
valve shall be in mid-position when the piston is at the end 
of its stroke. Now, if there were any steam lap, i t  would 
be necessary t o  move the valve on i ts  seat  a distance t o  the 
right a t  least equal to  the  steam lap, in order tha t  the port 
be open as soon as the piston starts  on i ts  stroke. By in- 
creasing the  angle between the crank and the eccentric (for 
a direct motion), the  valve can be moved alonk on its seat 
this amount. This angle is known as the  angle of advance, 
and is  indicated at C. 

The Zeuner Valve Diagram.-The Zeuner valve dia- 
gram is illustrated in Fig. 2. As will be seen, there a re  
two circles that are concentric and two smaller circles with- 
in the inner concentric circle. The larger circle need not be 
drawn to any particular scale, as it merely serves to repre- 
sent the path of the crankpin. The smaller circle is either 
drawn to scale or full size, and has a diameter correspond- 
ing to the valve travel or twice the eccentricity. This is 
known as the valve circle. The two circles within the valve 
circle have a diameter equal to the radius of the valve circle, 
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and are known as the Zeuner circles. The angle between 
the vertical center-line and the center-line upon which the 
two Zeuner circles are drawn is equal to the angle of ad- 
vance. The cylinder is supposed to be on the left-hand side 
of the diagram, and the crank is turning in the direction 
indicated by the arrow. 

For a head-end diagram or  one for the head end of the 
valve and cylinder, the upper Zeuner circle is used for the 
admission or outward stroke, and the lower circle for the 

exhaust or return stroke. Fig. 2 is an example of a head- 
end diagram. With a center at  the center of the valve 
circle, an arc with a radius equai to the steam lap ia drawn, 
cutting the upper Zeuner circle. An arc with a radius 
equal to the exhaust lap is d r a m  on the lower circle in the 
same manner. These a re  called the steam-lap and the ex- 
hawrt-lap arcs. The relation between the center-line of the 
crank for any given position, and these lap arcs and Zeuner 

circles, indicates the position of the valve. When the crank 
center-line crosses the steam-lap arc and the Zeuner circle, 
the port opening equals the distance between the steam-lap 
arc and the Zeuner circle measured along the crank center- 
line. For instance, when the crank center-line is a t  a, the 
valve is off center a distance L equal to the steam lap, and 
the port is about to be opened. When the crank has moved 

IC. 8, Relation Between Z a n w  Di . t rm md Indloator Orrd. Platon 
Ponltlonn u a  &had A, for Admlnnton; 00, for Cut-OR; 

8, for Ralaue;  and O, for Comprendon 

up to the horizontal center-line xx ,  representing the dead- 
center position, the port is opened an  amount 1 equal to  the 
lead, since 1 is the distance between the steam-lap a rc  and 
the Zeuner circle measured along the crank center-line. 
When the crank is a t  b, the maximum port opening occurs; 
a t  c, the steam is cut off; and at d, the exhaust port opens 
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as shown by the intersection of the crank center-line with 
the lower Zeuner circle a t  the exhaust-lap arc. The exhaust 
port closes a t  e and compression begins. This cycle is then 
repeated. 

From the foregoing, i t  will be seen that, as the crank 
center-line is rotated, i t  will intersect the valve circle, the 
two Zeuner circles, and the lap arcs. As the distance from 
the center of the valve circle to any point of the Zeuner 
circle, when measured along the crank center-line, shows 
the amount by which the valve has moved from its mid- 
position, the distance between the lap arc and the Zeuner 
circle shows the amount by which the port is uncovered. 

Relation of Diagram to Indicator Card.- Since the 
valve diagram shows the relative positions of the crank and 
the valve for the various events of the steam engine cycle, 
it is possible to draw the valve diagram from the indicator 
card, or vice versa. Fig. 3 shows the relation between the 
two diagrams. The positions of the crank for admission, 
cut-off, release, and compression are indicated by the radial 
lines. To find the relative positions of the piston for these 
events, an arc is swung from the intersection of the crank 
center-line with the valve circle, to the horizontal center- 
line. The radius of this arc should be in the same propor- 
tion to the radius of the valve circle that the length of the 
connecting-rod of the engine is to the crank; that is, if the 
connecting-rod is five times as long as the crank, then the 
radius of the arc should be five times the radius of the valve 
circle. The center of the arc should be on the horizontal 
center-line extended to the left. The point which has been 
determined by this arc shows the relative distance which the 
piston has moved from the end of its stroke, for that par- 
ticular position of the crank. These points can be projected 
down upon a diagram below to give the four principal pointa 
of the indicator card, the vertical distances on this card 
being determined by the relative ateam pressures which 
exist at  admisgion and a t  exhaust. The compression curve 

and the expansion line can be drawn as  equilateral hy- 
perbolas. Starting with the indicator diagram, the four 
piston positions on the valve circle diameter, where admis- 
sion, cut-off, release, and compression occur, are found by 
projecting upward from these points on an indicator card 
to the center-line of the valve circle. Then, by swinging 
arcs from these points to the valve circle, the crank posi- 
tions are determined, and the valve diagram is laid out 
accordingly. 

Application of the Zeuner Diagram.- A construction 
which is often necessary in working the Zeuner diagram is 
shown at A in Fig. 4. A small circle is drawn around the 
intersection of the valve circle and the horizontal center- 
line. The radius of the circle is equal to the lead. A tangent 
a b  to this circle, perpendicular to the center-line oc of the 
Zeuner circle, will cut the valve circle a t  the crank posi- 
tions of admission and cut-off oa  and ob. If the point of 
cut-off and the lead are known, as is generally the case when 
a steam engine is designed: this lead circle can be drawn, 
the cut-off point determined, and a line a b  from the cut-off 
point be drawn tangent to the lead circle. A perpendicular to 
this line oc, through the center of the valve circle, gives the 
center-line of the Zeuner circles and determines the angle 
of advance. The lap arc is a t  once determined, as  it will 
always cut the Zeuner circle a t  the intersection of the crank 
positions d and e. 

The diagram for the head end of the cylinder has been 
referred to in the foregoing. The crank-end diagram is 
similarly constructed and used. As shown a t  B, Fig. 4, the 
Zeuner circle for determining the admission of steam and 
the cut-off is on the Lower side of the horizontal center-line, 
and the circle for determining the release and compression 
is on the upper side; in other words, She positions of the 
two circles are reversed from the head-end positions. Lap 
arcs are drawn as  before, but the lead circle is at  the right 
end rather than the left. The positions of the piston, cor- 
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responding to the crank positions a t  the four important 
points, are found by means of the arc proportional to the 
connecting-rod length, as before. 

Construction of the Zeuner Diagram.-In order to illus- 
trate the practical application of the Zeuner diagram, as- 
sume that a valve is to have a travel of 3 inches, a lead of 
1/8 inch, and that the point of cuboff, under normal con- 
ditions, is to be at  five-eighths stroke on the head end of 
the cylinder. The valve is to have an equal amcunt of out- 
side lap on the two ends; hence, the cut-off will vary for 
the head and crank ends, owing to the angularity of the 
connecting-rod. As the result of this angularity, the amount 
of piston travel for the head- and crank-end strokes differs 
considerably for corresponding crank positions; cons* 
quently, a valve which has the same outside lap on both ends 
will give a shorter cut-off on the crank end than on the head 
end, and, in order to equalize the cut-off, it will be necessary 
to have a smaller lap on the crank end of the valve. If the 
amount of lap were varied, however, the lead would be un- 
equal, and, as this is considered objectionable, i t  is common 
practice to make the lap equal and allow the variation in 
cut-off. Assume that the connecting-rod in this case is flve 
times as  long as the crank. 

When constructing the Zeuner diagram, first draw a 
valve circle having a diameter equal to the valve travel, or 
3 inches. Determine the piston position for five-eighths 
stroke, which represents the point of cut-off. (See Dia- 
gram A, Fig. 5.) Now, with a radius of 7 1/2 inches (or 
five times the radius of the valve circle) and with a center 
on the horizontal center-line of the valve circle extended, 
draw an arc upward to the valve circle, marking the posi- 
tion of the crank a t  the point of cut-off. Then, with a 
radius of 1/8 inch, draw the lead circle a t  the left of the 
diagram, as shown in the illustration. Draw a tangent ab 
to this circle which will terminate in the cut-off position. 
A perpendicular oc to this tangent and passing through the 

center of the valve circle will be the center-line of the two 
Zeuner circles. The angle between this perpendicular and 
the vertical is the angle of advance, and represents the 
angle between the eccentric and the crank. The steam- 
lap arc is drawn through the intersection d of the Zeuner 
circle with the crank position a t  cut-off, and will be found 
tangent to the line which was drawn tangent to the lead 
circle. The exhaust-lap arc is also drawn through the in- 
tersection e of the lower Zeuner circle with the crank posl- 
tion at release. The two laps may now be measured and 
the port openings for any position of the crank be de- 
termined. The maximum steam-port opening is measured 
along the center-line of the upper Zeuner circle between 
the valve circle and the lap arc. 

To determine what will be the point of cut-off for the 
crank end of the cylinder, the process is a s  follows: Draw 
the valve circle as  before, with a 3-inch diameter. Draw 
the lap arcs, reversing the positions as shown a t  B, Fig. 6, 
the steam-lap arc being in the lower right-hand quadrant 
and the exhaust-lap arc in the upper left-hand quadrant. 
The two Zeuner circles are next drawn, the center-line hav- 
ing the same angle of advance as in the diagram A. Now 
find the crank positions for the various events of the cycle 
by means of radial lines representing the different posi- 
tions of the crank. Then, with a radius of 7 1/2 inches and 
with a center on the horizontal center-line extended to the 
left, as before, find the corresponding positions of the piston 
by swinging the arcs upward to the horizontal center-line. 

Effect of Changing Eccentricity,-By means of the Zeu- 
ner diagram, it is possible to see clearly the effect of chang- 
ing the eccentricity and the angle of advance in a slide-valve 
engine. If the eccentricity is increased without making 
other changes, the lead will be increased, cut-off occurs 
later, release sooner, and compression later. If the eccen- 
tricity is decreased, the lead is decreased, cut-off occurs 
earlier, the release later, and the compression earlier. In- 



524 VALVE DIAGRAMS VALVE DIAGRAMS 626 

creasing the  angle of advance (as the diagram, Fig. 2, 
shows) will cause the cut-off and all the other events to 
occur earlier, whereas decreasing it will have the opposite 
effect. These two methods of changing the operation of 
the valve are  made use of in all types of shaft governors. 
A combination of the two, where the eccentricity is changed 
a t  the same time as the angle of advance, makes i t  possible 
to change the cut-off without changing the lead. 

In the foregoing the piston has been assumed to be on 
the left of the diagram; if i t  were assumed to be on the 
right side, the Zeuner circles should be on the opposite 
sides of the  vertical center-line and the other parts  of the 
diagram similarly changed. 

Summary of Principles of Zeuner Diagram.- When 
using the Zeuner diagram, i t  i s  well t o  have the following 
principles well in mind : 

1. Any radial line on the valve circle represents a position 
of the crank. 

2. The intercept on this radial line between the center and 
the Zeuner circle represents the movement of the valve from 
its mid-position. 

3. The intercept on this radial line between the lap arc 
and the Zeuner circle represents the amount the port is open 
for that  position of the crank. 

4. The relative piston position can be determined, if the 
proportion of connecting-rod to crank is known. 

5. The radial line representing the crank position for  
cut-off must pass through the intersection of the lap arc 
and the Zeuner circle. This also applies to  release, com- 
pression, and admission. 

6. A perpendicular t o  the crank position a t  the inter- 
section with the lap arc  and Zeuner circle will intersect 
the valve circle at a point coinciding with the center-line 
for the Zeuner circles; moreover, a perpendicular t o  any 
crank position a t  the intersection of the Zeuner circle will 

intersect the valve circle at the intersection of the center- 
line for the Zeuner circles. 

Bilgram Diagram.- The methods of laying out a Bilgram 
diagram for both the  head and crank ends of a cylinder are  
shown a t  A and B, Fig. 6. The diameter ss, of the outer 
circle represents the stroke of the engine; th is  circle may 
be drawn to  any convenient scale. A smaller circle is drawn 
from the center a, having a diameter equal t o  the travel of 
the valve. This valve-travel circle may also be drawn either 
to a reduced scale or to full size, if more convenient. As- 
suming that  the  inside and the outside lap and the lead a re  
known, proceed a s  follows: Draw a line 11 parallel to  ss, and 
a distance above i t  equal to the required lead or  amount of 
port opening a t  the beginning of the piston stroke. Next 
draw another circle from center b having a radius equal to 
the outside lap of the valve. As the diagram shows, this 
circle should have i ts  center b on the valve-travel circle and 
should be tangent to line 11. About center b, draw a smaller 
circle having a radius equal t o  the inside lap of the  valve. 
Now, to obtain the location of the center-line of the crank 
a t  the point of cut-off, draw a radial line ac tangent t o  the 
outside of the lap circle. A vertical line cd intersecting the 
stroke line ss shows approximately how f a r  the piston 
travels before the steam is cut off. This  vertical line will 
not locate the exact point of cut-off, owing to  the  angularity 
of the connecting-rod and the  resulting variation between 
the movements of the crankpin and the  piston. To obtain 
the exact position of the piston a t  the point of cut-off, line 
cd should be a n  arc  having a radius proportional t o  the  
length of the connecting-rod and d rawn from a center lo- 
cated a t  some point on an extension of center-line ss. 

A line ae through center b indicates t h e  angular position 
of the eccentric corresponding to  a given amount of out- 
side lap and lead, whereas, angle e m ,  equals the angle of 
advance. Line nf tangent to the inside-lap circle (on the 
lower side fo r  diagram A )  locates the crank position when 
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the steam is released by the opening of the exhaust port, 
whereas line gh, tangent to the opposite side of the inside- 
lap circle and passing through center a, shows the position 
of the crank for the point of compression or the closing 
of the exhaust port. The maximum steam-port opening is 
represented by the distance from center a t o  the outside- 
lap circle, the measurement being taken along the center- 
line ae. 

By studying these diagrams A and B, the effect of changes 
in the design of the valve may readily be determined. For 
instance, if the outside lap is increased (thus increasing 
the diameter of the lap circle), the point of cut-off will occur 
earlier in the stroke, giving a greater range of expansion; 
this change, however, will also cause an  earlier compression, 
even if the inside lap is not increased, because the effect of 
enlarging the outside-lap circle is to change the position of 
the inside-lap circle and the angular position of line gh, so 
that the exhaust port is closed earlier. Increasing the in- 
side lap also increases compression and delays the point of 
release or exhaust. Ry means of this diagram, if the point 
of cut-off, lead, maximum port opening, and point of com- 
pression were given, the necessary inside and outside lap 
and valve travel could be determined. 
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I N  this third volume of INGENIOUS MECHANISMS 
FOR DESIGNERS AND INVENTORS a large number of 
mechanisms and mechanical movements not previously de- 
scribed in Volumes I and I1 have been brought together for  
convenient study and reference. The steady demand for  
Volumes I and I1 indicates the continuing need on the part  
of machine designers, engineers and students for detailed 
information about unusual, yet practical mechanical move- 
ments. 

As in the previous volumes, the mechanisms described are  
the work of numerous contributors to MACHINERY and 
represent successful applications of a wide variety of types 
and designs. Of particular interest to many will be the 
chapter on Hoppers and Hopper Selector Mechanisms for  
Automatic Machines which appeared as two articles in 
MACHINERY by J. R. Paquin. 
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CHAPTER 1 

Cam Applications and Special Cam Designs 

In  the desijm of mechanisms to obtain irregular move- 
menb  of v a r i o u ~  kinds, cams are frequently employed. Those 
which a re  described or illustrated in connection with the 
mechanisms covered by this chapter are notable for some 
ingenious arrangement or design. Other applications of 
cams and cam-operated mechanisms will be found in Chap- 
ter 1, Volume I, and Chapter 1. Volume 11, of "Ingenious 
Mechanisms for Designera and Inventors." 

Cam Designed to Provide Longer Stroke without En- 
larging Operating Space.-The cam shorn at R in Flip. 
1, 2 and 3 serve8 to impart a reciprocating motion to the 
machine slide G. The slide is required to have a longer 
ntroke than could be produced by a cam of conventional 
design and of a size which could be assembled in the recess 
W .  This unusual and interesting design of the cam was 
therefore necessary to provide the long stroke required 
without increasing the diameter of the cam. 

Plan views of the mechanism are shown in Figs. 1 and 
3, Fig. 2 being an end view. The complete assembly is 
shown by Figs. 2 and 3, wherees Fig. 1 shows the mech- 
anism with the slide G removed. This view, however, shows 
the cam follower rollers C, D, E, and F in the respective 
positions they occupy when assembled on the under side 
of slide G. 
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Referring to Fig. 1, the shaft A, to which cam B is keyed, 
rotates in the direction indicated by the arrow. Cam B 
is provided with a series of projecting surfaces or cam 
tracks indicated by reference letters H to N, inclusive. The 
four roller followers C, D, E, and F, assembled on the 
under side of slide G, are equally spaced on the center line. 

Rollers C and D, Fig. 1, act a s  cam followem on opposite 
sides of the track H. Rotation of cam B in the direction 
indicated causes these rollers to move toward the periphery 
of cam B at a rate of speed governed by the shape of track 
H. As roller C reaches the periphery of cam B, roller D 
reaches the position previously occupied by roller C, Fig. 1, 

PI*. 1. Vkr of Cam for bp.ratlnp Slde Shown wlth Ulde R e m o d  but +((h S I N  loll- Rdlr In  P d o c l .  
They &*UW wlfh Il lde ot Low.rt Polnt of Travel. Flp. 2. End View ot Cam B ond Uldo G. Flp. & Plan 

V k r  of ArremMed Cam I and Sllde G r l th Letter Member at Hlghost Polnt of t ravd.  

since the center distance between rollers C and D is equal 
to the rise of cam track H. 

When roller C reaches the periphery of cam B i t  ceases 
to function as a cam follower, but the motion of the slide 
G is continued by rollers D and E, acting a s  followers on 
track I, which a t  this point is in the position previously 
occupied by track H, as  shown in Fig. 1. Track I then 
functions a s  a cam between rollers D and E until track J 
reaches the same position, when rollers E and F act as 
followers to continue the movement of slide G. 

In Fig. 3, the rollers E and F are shown a t  the highest 
point to which they are carried by the track J, slide G 
having reached the extreme end of i ts upward travel. As 
cam B continues rotation, tracks K, L, and M pass in 
succession between rollers F, E, D, and C, returning the 
slide G to its original position. As track N is concentric 
with the center of rotation of cam B, the rollers E and F 
and slide G remain stationary until track H is again 
positioned, a s  shown in Fig. 1, to complete the cycle. 

In the design illustrated, the upward stroke or  travel 
of slide G a t  a uniform speed is produced by cam B dur- 
ing 135 degrees of its rotation. The reverse o r  down- 
ward stroke of slide G a t  uniform speed is also produced 
by cam B while rotating through an angle of 135 degrees. 
Following this complete reciprocating movement, the slide 
G remains stationary a t  its lowest point of travel while 
the cam B rotates 90 degrees to finish one complete revolu- 
tion. With this type of cam, an irregular motion of the 
slide can be produced by varying the shape of the cam 
tracks, provided that each track is so designed that its 
leading end will continue the motion produced by the cam 
which preceded it. In order to compare the size of cam 
B with a cam of conventional design which would be 
necessary to produce the same length of stroke or  move- 
ment of slide G, an  outline of the track for  such a cam 
is indicated by the dot and dash lines a t  S, Fig. 3. 
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Cam Mechanism with Variable Quick-Drop Adiust- 
merit.-The cam mechanism illustrated in Fig. 4 was 
designed to raise follower-roll A at the end of lever B 
a t  a uniform rate until the highest point of its travel is 
reached, and then to permit i t  to drop quickly a prede- 
termined adjustable distance before resuming its downward 

Flp. 4, earn Mubanism Dmlgned to  Impart Upward Movamant to Collow~r 
Roll A at Unlform Rat., Then Permit Quick Drop Followad by a Sow Dacrmt 

to Loxmt Point. 

movement a t  a slower rate. This adjustable quick-drop cam 
mechanism is used on a wire-fabricating machine to trans- 
mit the particular motion required on one of the machine 
parts through lever B. 

Driving shaft S revolves in a horizontal position in the 
direction indicated by the arrow, and carries with it flange 
C, to which it is keyed. Cam D is a free running fit on the 
hub of flange C, on which it is retained by collar E. With 
the members of the mechanism in the position shown, shaft 
S transmits motion to cam D through contact of arm F with 

the projection G on cam D. The arm F forms an integral 
part of flange C. 

The profile of cam D is designed to transmit a slow uni- 
form upward vertical movement to roll A, followed by a 
rapid drop. Arm H, which is a part of flange C, carries stop- 
screw J. Roll A is kept in contact with cam D by a spring 
(not shown), which is attached to lever B. 

As shown in the illustration, roll A is nearly a t  the top 
of its vertical movement. As soon as the peak of cam D 
passes under the center of roll A, the downward pressure of 
the spring attached to lever B reacts on the angular face of 
cam D, causing its rotation to be rapidly accelerated in the 
direction in which it is turning until projection G comes in 
contact with stop-screw J. Since this movement takes place 
rapidly, as controlled by the tension of the spring, there is 
a rapid drop of roll A, which is limited by the contact of 
projection G with adjusting stop-screw J. 

Continued rotation of shaft S permits cam D to  rotate a t  
a slow rate of speed, the drop of roll A a t  this point being 
a t  the same rate as though cam D were keyed directly to 
shaft S. As the heavier side of cam D reaches a position 
opposite thatahown in Fig. 4, it remains at rest until arm F 
again comes in contact with projection G. 

Multiple Cam and Lever Mechanism.-The multiple 
cam and lever mechanism shown in Fig. 5 was designed to 
impart a movement to rods D and E, in the direction indi- 
cated by the arrows, through rotating shaft B. Interfering 
members and the considerable distance between shaft B and 
the rods made a simple drum cam and lever mechanism im- 
practical for this particular application. 

Rods D and E are prevented from rotating by slots in 
their ends, which slide along keys in the frame of the ma- 
chine. Collars G and H, which are pinned to the rods, are 
machined on one side to form face cams. These cam surfaces 
slide on the cam surfaces of the two lever type collars J and 
K. The collars are joined by connecting-rod L. The roller P 
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which is mounted on one end of this connecting-rod, is free 
to rotate on the pin Q and rolls along the pad a t  the upper 
end of lever R. 

With cam A, roller C, lever 2, adjustable connecting-rod 
F, and lever R in the positions shown, the face cams have 
advanced rods D and E to their extreme forward positions. 
Aacam A continues to rotate with shaft B in the direction 

Fig. I. Cam A through ConHcHng Linkape Impam Metion b Rods O and 1 
at Rbht Awl.* to Ik Plam of Rotation. 

indicated by the arrow, and roller C leaves the lobe of the 
cam, spring S returns the parts of the mechanism to their 
original positions. This spring is hooked over pin V in the 
frame of the machine and stud N in collar K. Springs X and 
Y, which are compressed during the advance stroke of rods 
D and E, are then free to return the rods and collars G and 
H to their starting positions. 

Compound Cam Mechanism.- A mechanism employed 
on a French net-making machine that embodies a n  interest- 
ing application of a compound cam movement is shown in 
Fig. 6. The object of the mechanism is to give to  the needle 
point n, Fig. 6, a closed path of the form shown in Fig. 7, 
and, additionally, an endwise movement normal to the plane 
of the paper. To effect this, there a r e  two large gears, Al 
and Az, meshing together, each of which carries a cam. In 

Fig. 6. Compound Cam Muhanlmm Employd on a 
Not-moldnp Machine. 

the case of gear A,, the cam is formed as a closed track by 
attaching to the wheel the inner and outer members h, and 
in the case of gear A, by providing a rim az. A lever B1 is 
slotted at b, so as  to embrace the shaft  1, and is provided 
with a slipper block (not shown) f o r  this purpose. At its 
upper end this lever carries a roller cl, fitting the cam track 
previously described. A second lever B2 is slotted or forked 
a t  bl to embrace the shaft 2, being provided with a slipper 
block as shown. A roller c2 is employed to engage the cam 
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ell, being kept in contact with it by means of a strong spring, 
not shown. 

At C levers B1 and B2 are connected by a pin, so as to have 
a free turning movement. As shown, lever B2 is continued 
to the left of C and carries a needle bar N. 

So far, then, it will be seen that if gear dl were held sta- 
tionary and A2 were turned (not practicaIly possibIe, of 
course), then the cam &? would give to the needle a substan- 
tially horizontal to and fro motion. Similarly, if we imagine 
gear A2 held and A1 turned, then the needle would receive a 
substantially vertical reciprocatory motion. Therefore, when 
both wheels are rotating, being driven by pinion P, a com- 
bination of these movements is effected, giving rise to  an 
enclosed locus, as shown a t  the upper right in Fig. 7. 

It  is instructive to consider the method of Anding the cam 
profiles for a given locus. When the needle point n is a t  posi- 
tion 1 of the locus, the levers are a t  right angles, as shown 
by heavy lines in Fig. 7. First, it is necessary to mark off 
on the locus, positions which will be occupied a t  successively 
equal time intervals, this being done from a knowledge of 
the required rapidity of movement between each such posi- 
tion. Such a series of points is shown as 1 to 12, a t  the up- 
per right of Fig. 7. Next, circles are described on centers 1 
and 2, Fig. 7, and are divided into twelve parts, as shown; 
the commencing position being noted, also the direction of 
numbering, thereon. 

Consider a point such a s  8. It can be seen that the center 
lines of the levers B, and Bt must always pass through cen- 
ters 1 and 2, respectively, and their lengths being Axed, it ia 
a simple matter to determine the lever positions, and there- 
fore the roller centers cl and c2. Now, for this disposition of 
the linkage, the cam wheels will have turned through an 
angle such that division linee 8, and 82 will be at the position8 
first occupied by division lines l1 and la, respectively, aa 
shown in the diagram. The offsets s and y must also be 
noted. Now transfer the positions of pointa 61, ~t around to 

divisions 81, 82, respectively, and thereby locate points P1 
and Pz, which will be points on the required cam. Repeat- 
ing this process for the other positions of the levera will 
enable the whole of the cam profiles to be determined. 

A further motion is incorporated in  this mechanism, and 
this serves to move the needle point sidewise, transversely 
to the plane of the gears in Fig. 6. This is accomplished a s  

Fig. 7. At Upper Rlpht I8 Shown Path of N n d l a  Point Controllad 
by Moehanlsm Shown In Fig. 6. Th. Canrtel Dlopmn, Show Mwhod 

of M r m l d n g  tha Con Profi la  

follows, and during the time the points are  moving from 2 
to 3 in the locus diagram. 

Attached to shaft 1 so as to rotate with i t  is a bevel gear 
d, and meshing with this is a bevel pinion e, keyed to shaft f 
which is carried in bearings on lever B1. At  the lower end 
of thie lever is another pinion g, and a t  the junction C of the 
levers is a bevel gear h driven from pinion g, gear h carry- 
ing a Pace cam m. A boss is formed on lever Bz, and a trans- 
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verse pin o in the boss provides an axle for a lever I ,  one end 
of which is engaged by cam m, the other end coming in con- 
tact with the end of the needle-point bar a t  N .  

Thus, as the mechanism turns, the bevel gear train causes 
rotation of the face cam m, and accordingly produces the 
endwise movement desired. 

The whole mechanism provides an unusual example of the 
compounding of movements, and is suggestive of other ap- 
plications where complex paths have to be traced out by a 
moving element. 

High-Lift Cam with Low Pressure Angle.- Cams a d -  
ing on straight-line followers are  generally limited to mod- 
erate pressure angles because of the side thrust developed 
against the follower bars. In  order to produce a high lift 
without excessive side pressure, the cam shown in Fig. 8 
was designed. I t  waa applied in a wire fabricating machine. 

The drive-shaft A, rotating in the direction indicated by 
the arrow, has keyed to i t  a cam body B that carries a cam- 
shaped bar C. This bar is shaped a t  each end to produce 
one-half of the total cam lift, and is a slide fit in the gibs a t  
each side of it. A slot in the bar provides clearance for  the 
driveshaft, and the bar is normally held in the position 
shown by the spring D. 

The follower bar G, mounted on the machine member E, 
carries a block F in which is contained a roller H. Another 
roller J rotates on a stud which is held in a fixed position in 
its support I. The rollers H and J are offset relative to each 
other, so that each one contacts only one end of the cam bar 
C, which is relieved accordingly at both ends. This arrange- 
ment prevents the occurrence of two movements of the fol- 
lower bar G in  one complete revolution of the cam. 

In  the position sbown, the follower bar is about to be 
raised by the upper end of the cam bar which contacts roller 
H, and the lower end of the cam bar is about to engage the 
Axed roller J, so that the cam bar will be raised a t  the same 
time that its upper end is raising the follower bar. As a 

result, the movement of the cam bar, added to the normal 
rise produced by the upper end, moves the roller H to the 
position indicated by phantom lines a t  X. To produce this 
lift, with a conventional cam having the total rise on one 
lobe, a form such as that shown a t  Y would be required. 

m. 8. A ldlw Cam Bar H d n g  look End tonnod to Prodmo OncMoH tho 
Tokl Ob. Prorida o Hbb Uft tor tbm Wloww Wlthout IrcouIve Side Tbrwtr 

Cam Designed to Operate on Alternate Revolutions.- 
The design of a cam that transmits an  irregular oscillating 
motion to a shaft on each alternate revolution of the cam- 
shaft is shown in the accompanying illustrationa. This is 
accompliehed by guiding the follower roll C alonu two dif- 
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Fls. 9. Cam Muhanlrrn Doslqmd to Ralw and brrr Lever D on tach 
Altomato Rmvolutlon of Shaft & 

Flg. 10. Corn Muhenism r f th  lmrr E and F Set fo 
Quid. Roller C into Concantrtc Groove. 

ferent tracks, the concentric track or path indicated by dot- 
ted lines a t  m, Fig. 10, which imparts no movement to lever 
D, and the cam path n, Fig. 9, which actuates the lever D, 
producing a rise and fall of this lever with a short rest 
period at the peak. 

Referring to Fig. 9, which shows two views of the mech- 
anism, shaft A carries the cam B, which rotates in the direc- 
tion indicated by the arrow a. Shaft J receives its motion 
from cam B through the follower roll C carried on lever D. 
Cam B is machined to receive the levers E and F, which are 
recessed into it to less than half the depth of the cam groove. 

A better idea of the shape of lever F can be obtained from 
the view in the upper right-hand corner of Fig. 10. The in- 
ner edges of levers E and F are shaped t o  form a part of the 
outer edge of the circular follower groove. The outer edges 
of these levers are shaped to form a par t  of the inner edges 
of the follower groove that produces the rise and fall of the 
roll C. Two levers G on the back of cam B are mounted on 
the shafts that carry levers E and F and that extend through 
the body of cam B. Two links H, one on each side of levers 
G, connect the lower ends of the levers by means of two 
screws K. Screws K carry the springs I, which act on links 
H to produce a light friction between levers G and links H. 

As shown in Fig. 9, cam B has been rotated in the direc- 
tion indicated by arrow a, causing roll C to follow the rising 
side of the cam groove, as  indicated by the dotted arrow 
path n, to  the point where the roll is a t  the peak of the rise. 
I t  will be noted that lever E is nested in the recess in the 
outer wall of the cam groove, while lever F is nested in the 
inner wall on the opposite side. 

Continued rotation of cam B guides roll C to the falling 
side of the cam track, a s  shown in Fig. 10. However, this 
side of the cam track is obstructed by the lever E, as seen 
in Fig. 9. When roll C comes in contact with lever E, the 
latter is caused to  swing to the opposite side of the groove, 
thus opening the falling side of the cam groove, as in Fig. 10. 
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Since lever E is connected to lever F by levers G and links 
H, lever F is  caused to swing an  equal amount in the same 
direction, thus obstructing the rising side of the cam groove. 

Further rotation of cam B, Fig. 10, causes roll C to come 
in contact with lever F, but as  lever F is locked against out- 
ward movement, roll C is  guided in a circular path, as indi- 
cated by the dotted arrow path m. Continued rotation of 
cam B causes roll C to return lever E to its original posi- 
tion, so that roll C may again be guided up the rising side 
of the cam groove, as in Fig. 9. 

The friction caused by the pressure of the springs I 
serves to hold the levers E and F in position until moved 
by the roll C. In this manner, shaft J is given an oscillat- 
ing motion during one revolution of cam B while roll C is 
following the irregular groove, but is allowed to remain 
a t  rest during the next rotation of cam B while roll C is 
following the concentric path. 

Cam Actuated Toggle and Lever Mechanism for Op- 
erating Pressure Pad.-The pressure pad A of the mech- 
anism shown in Fig. 11 is moved up and down through 
a distance B along arc Z by the rotating cam N. The move- 
ment of the stud H of the pad along the path indicated by 
arc Z gives the pad a horizontal movement. This horizontal 
movement is so slight, however, that i t  can be disregarded 
in the case of the mechanism shown. 

The action of the toggle mechanism operated by the cam 
N, roller P, lever M, and rod L enables the pad A to exert 
considerabIe downward pressure. The illustration shows 
the lever M and the pad A a t  the top of their strokes. When 
the rotating cam moves the lever M to  its lowest position, 
shown by the dotted lines a t  Q, rod L will have pivoted 
lever J about rod F in the direction indicated by arrow K 
until the center line coincides with the line V. 

This action results in bringing link R downward until 
it is almost in line with lever J ,  and causes lever S to pivot 
about the pin D fixed in the housing E until i t  is  in a 

vertical position on line W. The link T of the toggle 
arrangement is thus forced into s vert'ical position, caus- 
ing pad A to  move downward in the direction indicated 
by arrow C along the path of arc Z for  a distance B. The 
function of lever G is to restrict the downward movement 
of the stud H to the path indicated by arc 2. 

FIg. 11. Com-octuatrd Muhonlsm for Importing Strob of bngth B 
to Prnsun Pod A. 
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Cam Mechanism Designed t o  Control Shaft Speed.- 
A shaft on a wire-forming machine must occasionally be 
rotated by a hand-crank. Owing to the nature of the 
product, i t  is necessary a t  one point in the cycle that 
the shaft be rotated a t  a predetermined speed. A speed 
tha t  is either too fast or too slow results in defective work, 
although a fairly wide range is permissible between the 
maximum and minimum speeds. Fig. 12 shows how a cam 
is used to maintain the speed within the required range. 

Fig. 11. Cam Anonpement for Controllmi Speed of Shaft Drirrn by Homkronk. 

Shaft A, which is rotated by a hand-crank in the direc- 
tion indicated by the arrow, carries the cam B. The cam 
roller C is  carried on the end of the lever D which fulcrums 
on the stud E on a stationary part  of the machine. The 
adjustable weight F holds roller C in contact with the 
inner cam surfaces. 

In operation, if the speed of rotation of shaft A is within 
the required range, the roller C will follow approximately 
the path shown by the dotted circles. If the speed of 
rotation i s  too high, roller C will have insufficient time to 

follow its normal path and will lock in the pocket of the 
outer cam surface. If the speed of rotation is too low, 
roller C will roll down the sharp incline on the inner cam 
surface and become locked in the inner pocket. In either 
case, the cam roller must be returned to its normal path 
before further rotation is possible. The position of weight 
F is determined by experiment. 

Cam and Planetary Gear Mechanism for Indexing 
Work-Table and Feeding Drill.-The diagram in Fig. 13 
shows a mechanism for automatically feeding and with- 
drawing a drill and then holding the drill in the "out" 
position while the work-holding fixture is indexed to the 
next operating position. After the indexing movement 
has been completed, the succeeding drilling cycle begins 
automatically and the cycle of movements is repeated. 

The drilling fixture is mounted on the indexing plate 
L, and is indexed by planetary gearing, which also drives 
a cam that controls the feeding and withdrawing move- 
ments of the drill. The sun gear E,  which is driven con- 
tinuously by the worm K and worm-wheel J, furnishes 
the drive for both the indexing and drilling movements. 
An interlocking device is provided which locks the index- 
ing plate L while the drill is being fed, and then locks the 
drill feeding cam while the table is being indexed. Thus the 
indexing and drilling movements follow each other auto- 
matically and continuously. 

Immediately below the indexing plate or table is the in- 
dexing ring, which is provided with slots P. These slots may 
be located a t  any desired position in the ring to give the 
angular indexing movements desired. Plate L and the in- 
dexing ring are  connected to the spider H which carries the 
planetary gears F, only one of which is shown. Rod A is 
moved in and out by cam C and is connected to the drill feed- 
ing mechanism which i t  operates. The interlock or stop-bar 
N is supported by spring M and is moved vertically by cam 
D. Cams C, D and internal gear G a r e  fastened together. 



18 CAM APPLICATIONS AND SPECIAL CAM DESIGNS 

When the mechanism is in operation, with the members 
in the position shown in the diagram, cams C and D revolve 
while the interlock holds the drilling plate or fixture station- 
ary. Cam C provides a short dwell a t  the end of the with- 
drawing stroke for the drill, a t  which time cam D pulls the 
interlock N downward, thus releasing the fixture plate for  
indexing, while locking the feed-cam C. When the next slot 
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P in the indexing ring reaches the position above the inter- 
lock N, the latter member is pushed up  by the spring M, thus 
locking the indexing plate L and unlocking cams D and C. 

In some cases, it may be desirable to provide means fo r  
preventing the interlock N from being forced back into the 
same slot P. In other cases, a light drag or  brake on the 
plate L may be needed to insure having the cam D move 
around f a r  enough to permit the interlock N togmove upward 
freely into the indexing slot. The latter condition was found 
to exist in the case of the particular rnechaniam illustrated. 

Ft& 13. M d m h  for Inddng Work-table and klL 
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CHAPTER 2 

Intermittent Motions from Gears and Cams 
When the designer is called upon to  provide for the inter- 

mittent motion of some part or parts of a machine, he may 
need to obtain only a stopping of movement for one or more 
periods in the operational cycle, such as would be required 
for loading or unloading a work-piece. On the other hand, 
the designer may also need to provide for the advance of the 
work or tool for a given distance a t  specific intervals with 
periods of rest between. Here, regular intermittent motion 
of an indexing type is called for. 

Either type of intermittent motion may be obtained in 
various ways. The use of cams which are designed to pro- 
duce periods of "dwell" is quite common. The employment 
of gears which are modified to produce intermittent motion 
is not as general. The mechanisms described in this chapter 
employ these two methods separately and in combination 
to produce one or  more rest periods in the motion cycle. 
They supplement those presented in Volumes I and I1 of 
"Ingenious Mechanisms." 

Intermittent Gear Mechanism.-A change required in a 
wire fabricating machine presented an interesting problem 
which was solved in an ingenious manner. On this machine, 
a uniformly rotating driving shaft transmitted its motion, 
in direct ratio, to the driven shaft through a pair of spur 
gears. Owing to  a change in the manufactured product, i t  
was required that the driven shaft be given alternately a 
half revolution and a period of rest corresponding to a full 
revolution of the driving shaft, and that the speed of the 
driven shaft and the center distance between the driving 

and the driven shafts remain unchanged. Figs. 1 and 2 
show how these conditions were met without resorting to 
complicated declutching mechanisms. 

Referring to Fig. 1, which shows three views of the as- 
sembly, gear A is carried on the driving shaft B. The driven 
shaft H carries the two gears C and D, the faces of which 
are half as  wide as the face of gear A, so that  both can mesh 
with gear A from the same center of rotation. Gear D is 
free on shaft  H and meshes with gear A. Gear C is pinned 
to shaft H and has the teeth removed a t  two diametrically 
opposite points, the number of teeth removed being suffi- 
cient to prevent the rotation of gear A from being trans- 
mitted to C a t  these points. 

Gear E rotates freely on stud F and has a definite number 
of teeth removed from the upper half of its face, so that dur- 
ing a portion of its rotation there is no contact with gear C. 
Gear E is idle during the greater portion of the cycle, its 
main function being to assist in the control of the timing of 
the rotation of driven shaft H. The diameter of gear E and 
the number of teeth removed from it are  governed, of 
course,-by the motion required. In this case, gears A, C and 
D each have 24 teeth. 

The number of teeth removed from gear C must be suffi- 
cient to prevent contact with gear A a t  the required points. 
The removal of the teeth, however, does not affect the oper- 
ation of the rotative cycle, the only requirement being that 
the number of teeth remaining in each section be sufficient 
to maintain contact between gears A, C, and E during part 
of the cycle. The number of teeth in the full gear E equals 
the number of teeth in the driving gear A which will pass 
any given point during a complete cycle. As the complete 
cycle includes one rest period corresponding to a full revo- 
lution, and a rotating period corresponding to a half revolu- 
tion of the driving gear A, the ratio between gears A and E 
will be 1 to 1.5; in other words, gear E in the lower or full- 
toothed side contains 24 x 1.5 = 36 teeth. The number of 
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teeth removed from the upper half of gear E corresponds 
to one rest period, or 24 teeth. 

Fig. 1 shows the assembly a t  the middle of the rest period. 
Gear A, rotating in the direction indicated by the arrow, 
transmits its motion in the reverse direction to gear D, 
rotating idly on shaft H. As there is no connection between 
gears A and C, the latter remains stationary. The rotation 
of gear D is transmitted to  gear E, which, at this point of 
the cycle, forms no connection with gear C. The leading 
tooth in the upper half of gear E must be cut away some- 
what a t  K, for  free entry when contact is made with gear C. 

When the first tooth of gear E engages gear C, the latter 
begins its rotation, transmitting it to the shaft H. I t  will be 
noted that, a t  this point, although gear E is responsible for 
the rotation of gear C, i t  is not acting as a driver; the teeth 
of gear E merely act as keys to lock gears C and D together 
so that they rotate in unison. As the teeth of gear C mesh 
with those of A, the drive is direct from A to C, gears D and 
E operating idly. 

Fig. 2 shows the mechanism with half of the rotative por- 
tion of the cycle completed. At this point, gear E serves no 
useful function, its work being completed a s  soon as gear C 
comes under the driving action of gear A. Although the 
toothed portion of the upper half of gear E is passing 
through the toothless portion of gear C, this i s  merely inci- 
dental and would not occur if the driven shaft  H were to 
receive a full revolution between rest periods. As the last 
tooth preceding the toothless portion of gear E passes out 
of contact with its mating tooth in gear  C, the latter ceases 
rotation and the rest period begins, as at this time the tooth- 
less section of gear C is again in position to clear the teeth 
of gear A, a s  shown in Fig. 1. The spring ball-stop G was 
added, to  prevent accidental rotation of shaft  H. 

Intermittent Spur Gear Drive Mechanism.-The inter- 
mittent drive shown in Fig. 3 is incorporated in the design 
of a machine used in manufacturing a wire product. The 
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two shafts M and N are required to rotate in opposite direc- 
tions. Shaft N must make a complete revolution while shaft 
M makes one-half of a revolution, shaft N remaining sta- 
tionary while the other shaft completes its revolution. 

Gear A on the driving shaft M meshes with the gear B on 
the driven shaft N, the latter revolving a t  twice the speed 
of the former. Gear B has three teeth removed a t  one point 

Fls. 3. Meehonlsm that P e m l h  Shot) N to Remolm Idle ddng 
Om-halt Revolution of Drlvlng Shaft M. 

where it receives no motion from gear A. The single teeth 
C and D are  fastened to the outer sides of gears A and B, 
respectively, so that they make contact with each other and 
transmit motion the same as  the regular teeth. 

When teeth C and D are in contact, the rotation of gear A 
in the direction indicated by the arrow produces rotation 
of gear B in the opposite direction. Gear B receive8 ita mo- 

tion from gear A through teeth C and D until gear B is 
rotated sufficiently to bring the standard teeth into mesh. 
The single teeth are made slightly longer than the standard 
teeth to insure contact without danger of clashing. When 
the standard teeth have made contact, rotation of gear B 
continues until the space from which the teeth have been 
removed permits the teeth of gear A to pass, at which time 
the rotation of gear B is discontinued. A t  this time, tooth C 
is 180 degrees from the contact point with tooth D, so that 
gear B remains stationary until gear A has completed its 
revolution and teeth C and D are in contact again. 

Adjustable Intermittent Rotary Movement.-A con- 
veyor belt used on an assembling table required a dwell or 
rest period at specified intervals in order to permit loading. 
As the table was used for a variety of assembling operations, 

Flp. 4. Mechanism for Obtaining Adlustabln Intermlttont 
Rotory Motion. 
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some means for adjusting the  rest period was necessary. 
The diagram in Fig. 4 shows the adjustable intermittent 
gear mechanism designed to meet these requirements. 

The shaft  E carries the  driving pinion A, which rotates 
in the direction indicated by the arrow. Shaft  F, which car- 
ries the conveyor belt, also supports the mutilated gear B 
which is keyed to it, as well as the mutilated gear C, which 
is free to rotate on shaft F. Both gears B and C mesh with 
the pinion A. Gear B has a slot S in it,  while gear C carries 
the stop D, which is located in one of the tapped holes pro- 
vided for i t  and is free to move in slot S. 

The tapped holes for stop D in gear C are so located that  
when stop D is in any one of them, and in contact with either 
end of slot S, the teeth in gears B and C will be in exact 
alignment. The brake G, acting on the hub of gear C, pro- 
vides sufficient resistance to prevent accidental rotation of 
gear C due t o  friction. 

In  the diagram, pinion A is shown in mesh with gear C, 
which i t  is driving in the direction indicated by the arrow. 
Gear B, however, remains stationary, a s  the mutilated por- 
tion is in line with pinion A. This arrangement provides the 
rest period required for the conveyor belt. Rotation of gear 
C causes stop D to be moved to the opposite end of slot S, as 
shown by the  dotted circles a t  R. When i t  reaches this posi- 
tion, the movement of gear C is again transmitted to  gear B 
through stop D, both gears then being rotated in unison and 
transmitting motion to the belt. 

As the mutilated portion of gear C reaches pinion A ,  its 
movement ceases while gear B continues to rotate. Gear C 
remains stationary until stop D is again located in its orig- 
inal position in the slot in gear B, when both gears again 
rotate in unison. During this period the conveyor belt has 
continued i t s  movement, the only purpose of the gap in gear 
C being to permit the two gears to change their relative 
positions, so that the stop D will again be in position for the 
next rest period. The relative positions of the mutilated sec- 

tions of gears B and C are  immaterial, provided tha t  no p a r t  
of the two gaps overlap. 

When a shorter rest period is required, a n  additional stop 
D is placed in one of the other tapped holes, thus reducing 
the effective length of the slot in gear B. As the amount of 
movement of the conveyor belt between stations is  controlled 
by the number of teeth in gear B, any change in the period 
of rest does not affect the length of travel between stations. 

Modified Helical-Gear Indexing Mechanism.-Helical  
gears modified a s  shown in Figs. 5, 6 and  7 can be used di- 
rectly for indexing. With the  arrangement shown in  Fig. 5, 
shaft A will be indexed one revolution f o r  every four revolu- 
tions of the driving gear B. In  other words, shaft  A will be 

Fig. I. Modificd Hellcal Gears Index Shaft A Ona-fourth of o Rwolution 
Durlnq Ona Ravolutlon of Drivlng Shaft F. 
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F'g. 6. The Number of ln.3eslnpn of Plate G per Revolution 1s Incna%ed by In t * rp lny  
Worm Georlnp Retram I t  and Modlflrd H8licol Gean B ond D. 

Fig. 7. Modlfltd Hetlcal Ddvlng Goon N omd L Anawed to P r o d ~ .  o 
Rmciptocotlng Movement of Sllde M with o Dwell at Eacb End of Ih Trawl. 
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indexed through an angle of 90 degrees during one revolu- 
tion of the driving gear. The frequency of the indexing can 
be increased, with a corresponding decrease in the amount 
of rotation of shaft A per indexing, by increasing the num- 
ber of slots C in gear D and reducing the number of helical 
teeth E in gear B. Similarly, shaft A can be indexed through 
a greater arc by decreasing the number of slots C. The num- 
ber of helical teeth E in driving gear B, must equal the num- 
ber of helical teeth in gear D, between any two adjacent 
slots C. 

The modified helical gears B and D shown in Fig. 5 can 
be used as illustrated in Fig. 6 to increase the number of 
indexing stations without changing the number of revolu- 
tions per minute of the drivixg shaft F. This is accomplished 
by interposing worm-gearing between shaft A and index- 
plate G. The pitch of worm H may be so selected that worm- 
wheel J will index plate G the required number of divisions. 
In the case illustrated, a 1 1/2-inch pitch, double - thread 
worm was used to produce the required indexing. 

In the mechanism shown in Fig. 7, modified helical gears 
K and L are used to reciprocate a slide M. This slide is 
moved to the right in one revolution of driving shaft N ,  and 
to the left (to the position shown) in the next revolution of 
the shaft. The motion of the slide in either direction is ac- 
complished during one-half of a revolution of shaft N, the 
slide dwelling a t  the end of its travel during the other half 
revolution of the shaft. Link 0 connects the slide to plate P, 
which is keyed to the shaft on which gear L is mounted. 

Cam-Actuated Intermittent Worm-Drive Mechanism.- 
A worm drive of rather unique design developed for use on 
a wire-forming machine is shown in Fig. 8. The mechanism 
comprising this drive converts a continuous rotary motion 
into an intermittent rotary motion a t  a reduced rotative 
speed. The object of employing the worm and worm-wheel 
is to give a compact high-ratio speed reduction in combina- 
tion with the intermittent motion. 
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Referring to Fig. 8, shaft A, mounted in bearing C, car- 
ries the single-thread worm B and rotates in the direction 
indicated by the arrow. Shaft A receives its motion from 
the driving shaft E through the splined sleeve D, which per- 

Clg. 8. Worm and Wonn-rh..l Drlw rlth Cam that Provldu 
Int*rmltt*nt Rotary Movement. 

mits axial movement of shaft A. Worm B meshes with the 
worm-gear M, to which i t  transmits motion in the direction 
indicated. Shaft A carries cam P, which rotates with it. 
Bracket L, attached to bearing C, carries roller H, which 
operates in the groove of cam P. I t  is  obvious that, owing 
to the fixed position of roller H, the rotation of cam P will 
cause shaft A to be moved axially. 

The groove in cam P is shaped to produce a uniform axial 
motion in one direction during one half revolution, and in 
the reverse direction during the other half revolution. The 
lead of cam P is equal to the lead of worm B. 

If worm B were fixed against axial movement, one revolu- 
tion of worm B would produce a movement of gear M equiv- 
alent to the lead of the worm. However, in addition t o  rota- 
tive motion, worm B is also given an axial motion by cam P 
acting against roller H, as mentioned; thus the rotation of 
gear M is effected by both the rotative and axial movements 
of worm B. As the lead of worm B and cam P are equal, the 
motion of gear M equals that which would be produced by 
an axially fixed worm of double the lead of worm B. 

As shaft A continues to rotate, roller H is passed by the 
high point of cam P, which reverses the axial movement of 
shaft A. When this occurs, there is no movement of gear M, 
as the axial movement of shaft A produced by cam P is 
equal to the lead of worm B, but is in the reverse direction. 
In this manner, the axial movement of shaft A neutralizes 
the lead of worm B, the worm merely turning or threading 
itself back to its original position without imparting any 
motion to gear M. The effect is to produce a series of partial 
revolutions of gear M with equal rest periods between the 
movements. 

Intermittent Mechanism with Hourglass or Cylindrical 
Cam.-The mechanism shown a t  the left of Fig. 9 consists 
of an hourglass cam with a helical cam surface that extends 
part way around the hourglass surface and then forms one 
side of an  annular groove for the remainder of the circum- 
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ference. This cam engages a toothed wheel a s  shown a t  the 
left of Fig. 9. As a tooth of the wheel is engaged by the 
helical cam surface, the wheel is revolved until the tooth 
reaches the annular groove. The wheel then ceases to rotate 

Flg. 9. Intermittent Worm-gear Drlve In Wew at  Left, wlth Develop 
ment of Circumference of Similar Parallel Worm in View ot Right. 

Flg. 10. Altrrnatlve to tntermittent Wonn-gtar Drlw brclgn 
Shown in Fig. 9. 

until the next tooth is engaged by the cam helical surface. 
The teeth on the wheel are spaced so that a t  the moment 
when one tooth has passed out of the  annular groove the 
helical cam surface comes into contact with the next tooth, 
thus providing intermittent rotation of the wheel. 

The helical cam surface is modified somewhat a t  the be- 
ginning and end to insure a gradual start  and stop of the 
wheel. The wheel shown has six teeth so that the cam makes 
six turns for each turn of the wheel. 

The view to the right of Fig. 9 shows a development of the 
pitch surface of a cylindrical cam with a similar helical cam 
surface and annular groove. 

In Fig. 10, a t  the left, is shown a cylindrical cam with a 
cam surface and annular groove engaging a roller toothed 
disk. The view at the right of Fig. 10 shows a development 
of the pitch surface of this cam. 

Obtaining an Intermittent Motion from a Uniformly 
Reciprocating Slide.-In tooling a wire-forming machine 
for a certain job, it became necessary to have a uniformly 
reciprocating vertical slide intermittently actuate a horizon- 
tal slide. The horizontal slide was to finish one-half of its 
cycle in each complete cycle of the vertical slide. This was 
accomplished by means of the mechanism shown in Fig. 11. 

Slide A reciprocates uniformly in a vertical plane, carry- 
ing lever B, which is free to swing about stud K. A t  the 
lower end of the lever is a pin C, which enters a recess milled 
in fixed member D. 

Horizontal slide E, which consists of a right- and a left- 
hand section, is free to reciprocate in ways provided in mem- 
ber D. The two sections of this slide art: connected by plate 
F, which serves as a cam to prcduce the required motion. 
Rocker cam G can be swung about stud L, within member D, 
against light frictional resistance created between the under 
side of the rocker cam and member D by spring H. 

As shown, vertical slide A is in i t s  uppermost position 
and horizontal slide E is in its extreme right-hand posi- 
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tion. At this point, the portion of pin C within the recess 
i n  member D is in contact with rocker cam G on one side 
and the cam surface of plate F on the other. When the 
vertical slide begins its downward stroke, the pin will be 
lowered in  the groove formed between the rocker cam and 
member D until it has passed the lower end of the cam. At 
this point, the vertical slide completes its downward move- 
ment, and lever B will swing to a central position, as indi- 
cated by the broken outline Y. 

On the upward stroke of the vertical slide, the pin will 
rise along the left-hand side of the rocker cam until i t  
reaches the position indicated by broken outline 2. Here 

no. 11. Intennlt tet  Motlon of Horlrontol Slide t h W o l d  from a U 
Ilrcipracotlng Vertical Sllde A by Moans of Rockor Corn C and Corn 

the pin will contact the angular cam surface of plate F, 
causing the plate and the vertical slide to move to  the left. 

Simultaneously, the rocker cam will be pivoted so that 
its lower pointed end will lie on the left-hand side of the 
vertical slide center line. This completes half the cycle of 
the horizontal slide. On the next cycle of the vertical slide, 
the reverse action takes place, completing the cycle of the 
horizontal slide a s  i t  is returned to  the position shown. 

Thus the horizontal slide E is intermittently traversed 
first to the right and then to the left continuously by the 
reciprocating vertical slide A. 

Mechanism for Converting Uniform into Intermittent 
Reciprocating Motion.-A machine for  fabricating a wire 
product is required to move the work a t  various stages 
of the operating cycle by means of reciprocating push-rods. 
Because of a change in the product, i t  became necessary 
to reduce the length of the reciprocating movement and 
provide a period of rest without any major alteration in 
the actuating mechanism, which is required to  operate 
other units of the machine. The changed mechanism by 
means of which the desired motion was accomplished is 
shown in Fig. 12. 

Referring to the two upper views, a channel was machined 
in the original reciprocating push-rod B to carry the aux- 
iliary rod C, which was made to slide within the channel. 
The block A serves as  a guide for the assembly and, by 
means of the irregular slots D in i ts  outer walls, aids in 
converting the uniform motion of rod B into the inter- 
mittent motion required for rod C. The irregular slot D 
is machined in both outer walls of par t  A so that  the slots 
are in alignment and pin G will slide freely therein. A 
slot E likewise is machined in both walls of rod B so that 
pin G will slide freely. Rod C is also provided with a slot 
for pin G, as  shown a t  F. This completes the assembly, 
except for the two plates P which serve a s  retainers for 
pin G. These plates, however, are not shown in the two 
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lower views, which illustrate the operation of the mech- 
anism. 

Referring to the top view, assume that  bar B is moving 
in the direction indicated by the arrow and that pin G, a t  
this point, lies in the angular section of slots E in the bar 
B, and in the center of the slot F in bar  C. Any horizontal 
motion given to pin G, which passes through the vertical 
slot in bar  C, must produce a corresponding movement of 
bar C. In the position shown, pin G i s  free to move hori- 
zontally in the slota D in part  A, but is restricted from any 
vertical movement. As bar B is the actuating member and 
as pin G is locked in the angular section of slots E in bar  B 
by the restricting influence of slots D, bar  C is  carried along 
with bar B, which transmits its motion to bar C through 
the slot F. 

The rest or  dwelI portions of the cycle are accomplished 
in the following manner: Continued movement of bar  B 
in the direction indicated by the arrow moves pin G to 
the ends of slots D, thereby preventing further horizontal 
movement of pin G. When this occurs, the angular portion 
of slots E in bar B forces pin G into the pockets at the 
ends of slots D, as  shown in the bottom view. In this 
position, bar C is incapable of further horizontal movement, 
because i t  is locked to part  A by the pin G. As pin G is 
now in the horizontal portions of slots E, bar  B continues 
its motion in the direction of the arrow without trans- 
mitting any motion to pin G or  bar C. 

Reversal of bar B takes place before the ends of slots 
E strike pin G. The horizontal movement of bar  C i s  thus 
controlled by the length of slots D, o r  the distance indi- 
cated by Y in the bottom view. The maximum move- 
ment of bar  B equals the distance Y plus twice the distance 
indicated by W. The mechanism operates in a similar 
manner on the reverse stroke of the reciprocating driving 
bar B, pin G moving upward, however, when i t  reaches the 
ends of slota D, instead of downward. 
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Indexing Mechanisms for Small Film Projector.-The 
film indexing mechanism shown in Fig. 13 was designed 
for a small motion picture projector, the object being to 
obtain the desired indexing motion with the minimum 
number of moving parts. The indexing movement imparted 
to the shoe H by the mechanism carries the film from the 
position inaicated at M to that indicated a t  N. 

Fig. 13. DouM.-cmnk Link ond Goor Muhenhm tor Indexing 
Motion Picturn Film. 

The cranks A and B are mounted on shafts carrying the 
two spur gears C and Dl which are always in mesh. Gear 
D has four times as many teeth as  gear C, so that crank 
A makes four revolutions to one revolution of crank B. 
The ends of cranks A and B are connected to rods E and 
F, the free ends of which are united by a third rod G. 

This rod actuates the shoe or lever H which swings about 
the pivot pin P when indexing or moving the film from M 
to N. 

During one revolution of crank B, which corresponds to 
four revolutions of crank A, a very complicated curve Q, 
having eight single strokes or  four double strokes, is traced 
by the point I. The range of the curve is limited by four 
circles, the radii of which are equal, respectively, to  the 
lengths of the following members: F + B and F - B 
drawn around point J as  a center and E + A and E - A 
drawn around point K as  a center. Fo r  the movement of 
the film, only the last two single strokes, indicated by the 
heavy lines a t  L, are  utilized, whereas the other three 
double strokes are not used. During the time in which the 

Fis. 14. Gonere Stop Motion Link and Goar Muhonlsm 
for Indexing Motion Picture Film. 
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point I traces the lines representing these three double 
strokes, gear D makes three-fourths of a revolution with- 
out transmitting any motion to the film. 

Fig. 14 shows a similar driving mechanism that has been 
developed, which gives an  equivalent indexing movement, 
but avoids the idle time period. This mechanism rests a t  
first for three-fourths of a revolution of the driving shaft 
S. For this purpose, a Geneva stop motion with four stops 
and one roller is used. During one-fourth of the rotation 
of the driven member D, the point K of the mechanism is 
required to make a double stroke. Therefore, between the 
driving member B of the Geneva stop motion and crank A 
of the mechanism there must be a ratio of 4 to 1. Also, 
the index dial of the Geneva stop drive should be provided 
with a large gear D, whereas the crank R should have a 
small gear C which is one-fourth the size of gear D. 

During the indexing motion, the crank A makes one full 
turn or rotation. This rotational movement is then changed 
by a four-bar-link motion involving the members A, E, F, 
and a fixed member, causing them to give a swinging 
motion to the point K. Point K follows the path indicated 
by lines W if the connecting lines from the point K through 
the free links L and T pass through the respective fixed 
axles R and U of the mechanism. 

For the sake of simplicity, the fixed axle U of the four- 
bar-link was selected as the fixed axle of the index dial. 
With the position of the curve point thus fixed, the mech- 
anism can be laid out or drawn. If the lengths of crank 
A and the swinging lever F are so proportioned that crank 
A can make a full rotation, the point X will follow a path 
similar to  that of point Y, Fig. 13. 

Intermittent Rotary-Motion Gear and Cam Mechanism.- 
Shaft A of the mechanism shown in Fig. 15, rotating in 
a clockwise direction a t  a constant speed, is required to 
transmit intermittent rotating motion in a counter-clock- 
wise direction to the driven gear J. Shaft A is keyed to a 
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driving arm B, which carries a short shaft C. Keyed to 
one end of shaft C is  a crank-arm D with a cam-follower 
roller E which, traveling in a groove in stationary base 
cam I, transmits an oscillating rotary motion to shaft C. 

To the front end of shaft C is keyed a segment gear F, 
which is in constant mesh with gear G. Gear G is a run- 
ning fit on shaft A, and has a hub to which gear H is keyed. 
Gear H, in turn, is in mesh with gear J, keyed to the shaft 
that is to be given the intermittent rotating motion. Since 
gear J has the same number of teeth as gear H, it will 
have the same intermittent motion, but rotation will be in 
the opposite direction, or counter-clockwise. 

Referring to the view to the left in Fig. 15, it will be 
clear that so long as the cam-follower roller E is traveling 
in the concentric portion of the cam groove from K to L, 
there will be no rotary motion of shaft C in arm B. Dur- 
ing this period, arm B and segment gear F simply trans- 
mit rotary motion to gear H in a clockwise direction a t  the 
same speed as that of shaft A. Thus, so long as there is 
no rotary motion of shaft C in its bearing in arm B, the 
latter member, together with segment gear F and the 
gears G and H, are effectively locked together and rotate 
as a single member. 

When shaft A and arm B, rotating in a clockwise direc- 
tion, cause the follower-cam roller E to travel from L to 
M, the rise in the groove of cam I causes segment gear 
F and its shaft C to rotate in a clockwise direction in arm 
B. Since segment gear F is in mesh with gear G, a rotat- 
ing motion is transmitted to gears G and H in a counter- 
clockwise direction, which is opposite to the clockwise rota- 
tion imparted to them by arm B alone. 

Now, since the counter-clockwise movement imparted 
to pears G and H by segment gear F is equivalent to the 
clockwise movement imparted by arm B alone in making 
the quarter revolution required to carry roller E from L 
to M ,  gears G and H will remain idle during this period. 
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To obtain this intermittent or idle period, the rise of the 
cam groove from L to M must be just sufficient to cause 
segment gear F to transmit counter-clockwise motion a t  
the same rate as clockwise motion transmitted by arm B 

Continued clockwise movement of arm B during the 
next quarter revolution carries roller E from M to 0. As 
this portion of the groove in plate I is concentric with 
shaft A, there will be no rotation of the segment gear in 
arm B, and shaft A, arm B, segment gear F,  and gears G 
and H will revolve together for one quarter revolution. 

During the next quarter revolution of shaft A, in which 
roller E travels from 0 to K, the fall in the cam groove 
will cause segment gear F to rotate in a counter-clockwise 
direction, and, consequently, transmit motion to gears G 
and H in a clockwise direction, which is in the same 
direction in which arm B is driving these gears. There- 
fore, in this case, the driving motion imparted to gears 
G and H by segment gear F is added to  that imparted by 
arm B alone, thus doubling the rotating speed of gears 
G and H during this quarter revolution of shaft A. Gears 
G and H are, therefore, rotated through an angle of 180 
degrees, while shaft A rotates through an angle of 90 
degrees. 

Summarizing the operation of the intermittent action 
of the mechanism, rotation of driving shaft A a t  constant 
speed has the following results: There is no movement of 
gears G ,  H, and J while arm B carries roller J through 
one-fourth revolution from L to M; the driven gears 
rotate a t  the same speed as  shaft A and in the same clock- 
wise direction while E travels from M to 0; the driven 
gear J rotates a t  twice the speed of shaft A in a counter- 
clockwise direction while E travels from 0 to K; the 
driven gears rotate a t  the same speed a s  the driving shaft 
A while roller E is carried from K to  L. The angular 
position of shaft A and arm B a t  which the dwell period 
of gear J begins can be varied by adjusting cam I and 
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clamping i t  in place when the proper adjustment has been 
made. 

Simple Gear and Star-Wheel Indexing Device.-The 
indexing device shown in Fig. 16 constitutes the main 
mechanism of an automatic stamping device. It has proved 
almost as efficient a s  the well-known Geneva stop motion, 
and is much easier to produce. The main drive-shaft A 
carries the disk B, which has a number of teeth cut on 
its periphery. This disk acts in the same way as the check 
disk of the Geneva motion. 

Fig. 16. Indexing Mechanism Developed for Automatic 
Stomping Oevice. 

Fastened to the face of the disk B immediately above 
the  toothed sector C is an  operating cam or  lug D. The 
driven member E, which is shaped like a three-pointed star, 
has three gear sectors F secured between the points of the 
star. As the main drive-shaft A i~ revolved, one of the 
sides of the operating piece D pushes against the  side of the 

star-wheel and causes it to  revolve. The toothed sectors 
on disk B and cn  star-wheel E will then engage each 
other, and in the  particular case shown in the illustration, 
the star-wheel will be rotated through 120 degrees until i t s  
motion is arrested by means of the check portions G com- 
ing into contact with the untoothed periphery of the  disk B, 
similar to  that  in the Geneva stop mechanism 

High-Speed Intermittent Gearing.-One diRculty ex- 
wricnced with all types 9f intermittent gearing, including 
Cencvn movements, is their inability t o  function properly a t  
h i ~ h  spectl. To permit ready e n ~ a g e m e n t  and disengagement 
nt r e l~ t ive ly  high speed, it is necessary to  have a certain 
depree of freedom of motion between the mating parts. 
This, in turn,  cnusea clashing, incorrect timing, excessive 
o p e r n t i n ~  noise and wear, and jamming of the  mechanism 
in a short  time. 

To overcome these difficulties, d e s i ~ n e r s  resort  to  various 
expedients, such as spring- o r  inertia-operated prestarting 
clcments which a re  intended to  lessen the initial shock of 
e n s a ~ e m c n t .  These devices, when properly designed and 
npplied, ennble h i ~ h  speeds to be employed, but do not 
extend the range to the high speed sometimes required. 

Fifi.. 17 shon*s an  intermittent gear  mechanism desiuned 
to meet the requirements of nearly noiseless operation a t  
extremely high speed, and positive locking during the rest 
period. The mechanism consists of driving shaf t  A which 
cnrries a cylinder iZ, a driven shaf t  C, and an  indexing 
shaft D. The  driven and indexing shaf ts  C and D a r e  a t  
r ight anules to  the drive-shaft A. T h e  cylinder B actually 
conaiah of two Rears, a spiral Fear E and a circular rack 
F. From each of these two gears certain numbers of teeth 
a r e  cut  away, SO that  there will be no engagement between 
the spiral teeth E and the spiral gea r  G on shaf t  D when 
the  rack teeth F are  engaged with t h e  spur  gear H on 
s h a f t  C. The two shafts  D and C a r e  interlocked by gears 
J and  K. 
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When the gearing is in operation, shaft D is locked in 
position during the time that circular rack F is engaged 
with spur gear H. The spiral teeth E engage spiral gear 
G a t  the moment when circular rack F becomes disengaged 
from gear H. While spiral teeth E and gear G are engaged, 
the shaft D is rotated a predetermined portion of a revolu- 
tion, as  determined by the part  of the circumference 
occupied by teeth E. This movement is transmitted to 
shaft C through gears K and J. 

Flg. 17. Intsrmltfent G+odng D e r l g n d  ta Operate at Hlgh Spwd. 

As the teeth E become disengaged from gear G, the 
rack teeth F enter gear H and lock shaft C against further 
rotation. The accuracy of the mechanism is not affected 
by the amount of backlash existing between gears E,  G, 
h', and J, because the effective locking action is between 
F and If. To facilitate engagement, the entering ends of 
teeth F are pointed, the same as  teeth E. 

The mechanism described is positive, accurate and quiet 

in operation a t  extremely high speeds. These desirable 
features are obtained by having all contacts between the 
driving and the locking members made by sliding surfaces. 

Irregular, Intermittent, Rotary-Motion Mechanism.-The 
design of an irregular, intermittent, rotary-motion mech- 
anism which is used on a machine for  producing a twisted 
wire product is shown in the accompanying illustration. 
With this mechanism, the driven shaft C is  given a com- 
plete revolution during a half revolution of the driving 
shaft A; and during the second half revolution of the 
driving shaft, the driven shaft remains stationary, except 
for a slight change of position. 

Referring to Fig. 18, left-hand view, driving shaft A 
carries gear B, which transmits its motion through gear 
D to shaft C. Gear D has a full complement of teeth, while 
gear B, which is of a pitch diameter equal to twice the 
pitch diameter of gear D, has only a sufficient number of 
teeth to produce a full revolution of gear D. Gear B carries 
an internal cam E, the groove of which receives roller F 
mounted on gear D. 

In this view, gear D is shown beginning its rest period. 
The last tooth in the toothed section of gear B is just leav- 
ing its mating tooth in gear D, and roller F has entered the 
groove in cam E, the leading end of which is shaped to 
suit the path in which roller F travels while gear D is still 
being driven by gear B. From this point, the groove in 
cam E is formed to a true radius with the center of shaft 
A, which permits cam E to continue its motion without 
imparting any motion to gear D. I t  will be noted that, 
during the rest period of gear D, roller F is off the center 
line between shafts A and C ,  which locks gear D in posi- 
tion, preventing accidental rotation. 

As the rise in cam E reaches roller F, the effect is to 
give a slight rotative motion to gear D in its original 
direction. Gear D then remains stationary in its changed 
position for a short time, returning t o  its original rest 
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position a s  the fall of cam E passes roller F. Gear D now 
remains stationary for the remainder of the rest period. 

In Fig. 18, center view, gear D is shown just about to 
s ta r t  its rotation, the first tooth of the toothed section in 
gear B engaging its mating tooth in gear D. Before these 
teeth become engaged, the rise a t  the end of cam E pro- 
duces a gradual partial rotation of gear D corresponding 
to that  which would be given it by one tooth. In this 
manner, gear D is already in motion when the teeth engage, 
thus eliminating shock on the first tooth. Gear D then 
makes a complete revolution before roller F again enters 
the groove in cam E. An end view of the assembled mech- 
anism is shown in Fig. 18, a t  the right. 

Intermittent Rotating Mechanism Designed for Smooth 
Operation.-The twist in^ spindle of a machine for fab- 
ricating a twisted wire product was required to finish its 
cycle in approximately half the time needed for the complete 
cycle of operations performed by the machine, and then 
to rest while the remaining portion of the cycle took place. 
Owing to space limitations, R mutilated gear was selected 
as the simplest means for  producing the required move- 
ment. As the driven spindle was required to be positively 
locked during its rest period, a locking arrangement was 
attached to the gears; but, on trial, i t  \\*as found that 
although the driven spindle rohted  a t  comparatively low 
speed, the momentum, due to the weight of the rotating 
parts, was sufficient to produce a severe hammering effect 
a t  the end of the rotating period. The desim that finally 
proved satisfactory is shown by the left and center diagrams 
of Fig. 19. 
The plan view a t  the left shows the mechanism shortly 

bcfore the termination of the rotating period of the driven 
~p ind le  D. Driving shaft A carries the mutilated gear B, 
which rotates in the direction indicatd by the arrow. 
Spindle shaft  D, rotating in the opposite direction, carries 
the full gear C which meshes with gear I?. Gear R carries 
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plate E, which is somewhat larger in  diameter than gear 
B and is so located that it covers approximately the sec- 
tion of gear B from which the teeth have been removed. 

Gear C carries, on plate F, two extensions which are 
shaped to an  arc, the radius of which is a few thou- 
sandths of an inch greater than the radius of plate E. 
The number of teeth in gear B is sufficient to produce a 
complete revolution of gear C. As gear C completes its 
rotation, the projecting ends of plate F come in contact 
with plate E on gear B, locking gear C against accidental 
rotation during themrest period. This arrangement consti- 
tuted the original mechanism. 

The objection to this design was that the extension 
on the left side of plate F struck plate E a heavy blow 
as  gear C and the parts carried on shaft  D were brought 
to rest. In order to eliminate the shock incident to the 
sudden stopping of gear C, a tooth was removed from 
the trailing end of gear B. Guide plates I and J were 
attached to plate E and a roller H, carried on arm G, 
was attached to plate F in position to  follow the cam path 
between plates I and J. 

The last tooth of gear B is shown in the view a t  the 
left of Fig. 19 just about to terminate its contact with 
its mating tooth in gear C. Roller H has traveled down- 
ward into the groove formed between plates I and J .  
Up to this point, roller H travels in the path and a t  the 
speed determined by the rotation of gear C, the upper 
portion of the groove between plates I and J being shaped 
to conform to  this path. 

As the last tooth of the tooth section of gear B passes out 
of contact with its mating tooth in  gear C, the latter 
gear no longer receives driving motion from gear B. 
The cam groove formed by plates I and J is so shaped 
that continued rotation of gear B draws roller H toward 
the center of gear B, causing the rotation of gear C to 
be continued in its original direction, but a t  a much 
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slower rate. As roller H reaches the end of the groove, 
the leading end of plate E comes in contact with the 
right-hand foot of plate F, locking gear C against acci- 
dental rotation. The reduced speed of gear C toward the 
end of its period of rotation serves to eliminate the 
objectionable hammering effect. 

As shown in the center diagram of Fig. 19, the leading 
end of plate F is riding on the peri~hery of plate E, thus 
locking gear C and spindle D against rotation. 

A side view of the assembled mechanism is shown a t  the 
right of Fig. 19. 

Flp. 20. M.chonlsm by M e a m  of rh lch Shaft A Int.rmlCIently Mm and 
k l u  the Four Gears B, E, C, ond D. 

Mechanism for Intermittently Rotating and Locking 
Four Equally Spaced Shafts.-The shaft A of the mech- 
anism shown in Fig. 20 transmits 1/3 horsepower a t  a 
speed of 180 revolutions per minute, and can be run a t  

this speed in either a clockwise or a counter-clockwise direc- 
tion. In turning in a clockwise direction, as indicated by 
the arrow, shaft A rotates the gears B, E, C, and D 
intermittently and successively in a caunter-clockwise direc- 
tion. The drive to these gears is obtained through the 
combined or successive action of cam groove M, seg- 
ment gear H, and cam groove N. The segment gear is 
keyed to shaft A and the cam members are adjustably 
fastened to the segment gear by studs K, dowel-pins I 
being used to maintain the permanent settings of the 
cams after they have been adjusted to  the required posi- 
tion. 

Starting with the various members of the mechanism 
in the position shown, one-half turn of shaft A will rotate 
gear B one revolution. Gear B is then locked in a fixed 
position until shaft A makes one complete revolution. As 
the four gears B, El C, and D are spaced 90 degrees apart, 
the driving movement imparted successively to each of 
these gears begins when the preceding gear has made 
only one-half of a revolution. For example, when gear 
B has been given one-half turn, the gear E begins to 
turn. Similarly, when E has made one-half revolution, gear 
C begins to revolve. 

A feature of the mechanism is its silent operation, which 
is obtained by employing the cam grooves M and N for 
respectively starting and stopping the driving movements 
imparted to the four gears, the segment gear H providing 
the intermediate driving movement. 

In operation, the cam groove M engages the pin G and 
thus drives the gear B, accelerating its speed until the 
speeds of the two members a re  the same. This engage- 
ment of the members is accomplished without shock. The 
segment gear and the pinion B are thus engaged without 
shock when their pitch line velocities a re  the same. The 
s e m e n t  gear continues to drive gear B until pin J enters 
the second cam groove N, the gear remaining in contact 
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with the teeth of the gear segment until the cam groove 
has fully assumed its driving function. The cam groove 
N is  designed to impart a decelerating movement to gear 
B until it has stopped. The concentric edge or  rim L of 
the cam member now being in contact with the two pins 
G and 3 serves to lock gear B in a fixed position and 
hold it thus until cam groove M again engages the pin 
G. Each of the gears E, C, and D is successively rotated 
one revolution and then locked in a fixed position, the 
same a s  gear B. 

This mechanism can, of course, be changed so that the 
intermittent drive will be imparted to one, two or three of 
the gears as  desired. Also, it can be so modified that the 
gear or  gears will be driven only by the cam groove. The 
contour of the cam groove M, for example, can be changed 
so that i t  will impart either accelerating or decelerating 
movements to the gear, and can also be made to include 
a dwell. The speed of shaft A can also be increased, and 
its rotation can be reversed. 

Irregular Intermittent Motion Using Friction Drive.-The 
mechanism shown in Fig. 21 is designed to transmit an 
irregular intermittent rotating motion to shaft J from 
the driving shaft A, which rotates continuously a t  a con- 
stant speed. I t  is used on a machine that fabricates a 
wire screening material having a mesh of alternately 
increasing and decreasing size. The variations in the size 
of the mesh are controlled by the mechanism that varies 
the number of revolutions or fraction of a revolution that 
is made by the driven shaft J between the periods of dwell. 

Referring to the illustration, the driving shaft A carries 
the disk B, which is keyed to it, and rotates a t  a uniform 
speed in the direction indicated by the arrow. Gear I 
is supported freely on shaft A ,  and carries a series of pins 
G which control the various steps in the operating cycle. 
Gear I also carries two studs E, which serve to connect 
it to the two-piece band D which encircles the disk B. 

Band D is provided with a lining of frictional material C, 
and is held in place by two clamping bolts which can be 
adjusted to regulate the frictional driving force trans- 
mitted by disk I?. 

Gear L meshes with gear I and serves to rotate the shaft 
J which operates the feed mechanism of the machine. The 

Fig. 21. Mechonirm Designed to Transmit Intermittent Rotory Motion to Shaft J 
from Shott A with Varying Length of Rototing Periods between Eight Succesriv~ 

Dwell Periods. 

latch HI which is supported freely on a stationary part 
of the machine, successively makes contact with the pins 
G on gear I as  they arrive a t  the top position. Disk B 
carries the a rm F,  which actuates latch H through con- 
tact with pin K. 

In operation, shaft A,  disk B, and arm F rotate uni- 
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formly in the direction indicated by the arrow. The fric- 
tional driving force exerted on band D by disk B tends 
to rotate gear I through the connecting studs E. When 
the various members of the mechanism are in the posi- 
tion shown in the illustration, with the hook end of latch 
H in contact with one of the pins G, the gear I is restrained 
from rotating, and therefore no rotating motion is trans- 
mitted to shaft J, the disk B rotating against the fric- 
tional resistance of the band D. 

Referring to the illustration, which shows arm F in 
contact with pin K on latch H, it will be evident that 
continued rotation of arm F will cause latch H to be 
lifted out of contact with pin G, permitting the friction 
drive from disk B to band D to transmit motion to gear I 
and shaft J through the medium of gear L. 

When arm F has passed under pin K, latch H drops 
ahead of the next pin G, again stopping the rotation of 
gear I. Gear I remains stationary until arm F has com- 
pleted a revolution, when it again lifts latch H through 
pin K. As the pins G are unequally spaced, shaft J will 
be rotated through a varying number of revolutions or 
through different fractions of a complete revolution between 
each of the dwell periods, as determined by the location 
of these pins. 

Quick-Acting Intermittent Feeding Mechanism.-The 
feeding mechanism shown in Figs. 22 and 23 was designed 
for winding paper intermittently on an automatic machine. 
In this mechanism, advantage is taken of the toggle joint 
locking principle for quickly applying and securely holding 
a split nut in contact with the lead-screw. 

The design of the machine necessitated placing the cam- 
shaft A, Fig 22, a t  a considerable distance from the lead- 
screw B. The two halves C and D of the split nut are 
shown in Fig. 22 disengaged from the lead-screw, so that 
the mechanism to which they are attached will not be 
moved transversely by the lead-screw. In Fig. 23, the 

Flg. 22. Cam kl, Bellcrank G, Rocker Arm F, and a Toggle Joint Provide 
Intarmittant Feed by Periodlcol'~ Engaging and Disengoglng Lead-screw B 

and Split Nut C and D. 

W. 23. Closed or F e d l t q  Posltlon of Mechanlmm Shown In Fig. 22. In  this 
View, the Split Nut Is in Engagement wlth the Lead-screw to Feed the 

M.chonimm. 
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split nut is engaged with the lead-screw, and the mechan- 
ism carried on bracket 0 has been fed about 2 inches. 
Intermittent feed is accomplished by bringing together 
and separating the two halves of the nut a t  predetermined 
intervals in the operating cycle of the machine. 

The upper ends of arms J and K engage slots in the 
sides of the split-nut halves. These arms pivot about studs 
L and M, and their lower ends are joined to a stud R by 
links N and P. Link Q connects this toggle joint to rocker 
arm F. 

Roller E, a t  the lower end of the rocker arm, engages 
extension pad Y on the longer arm of bellcrank G. The 
bellcrank is pivoted by roller U or block W coming in 
contact with cam H, which rotates with shaft A in the 
direction indicated by the arrow. 

The function of block W is to prolong the period dur- 
ing which the lever holds the split nut in i ts  open posi- 
tion after the roller leaves the rise on the cam. The shape 
of the block provides a fast  drop-off a t  the end of the 
"open" travel, a s  indicated in Fig. 23, and permits the 
split nut to snap quickly into engagement with the lead- 
screw. Spring S, which is attached to the upper end of 
rocker arm F and is hooked over pin V, exerts sufficient 
tension to hold the roller and block in contact with the 
cam, and also locks the toggle joint in either the open or 
closed position. 

Rack and Gear Assembly for Intermittent Rotary 
Motion.-In the design of a wire-forming machine, a shaft 
was required with an  intermittent rotary motion that  ex- 
ceeded the radial travel obtainable with ordinary ratchet 
and pawl mechanisms. The rack and gear assembly shown 
in Fig. 24 provided the desired motion efficiently. The 
reciprocating rack A meshes with gear B, to which i t  trans- 
mits an alternating rotative movement. Gear B is in mesh 
with gear C, which is smaller in diameter than gear B and 
does not mesh with rack A.  Gear C is keyed on shaft D, 
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which is given an intermittent, rotary motion in one 
direction. 

Driving gear B is splined to shaft F, which is supported 
by two flanged bearings E. Bearings E are rectangular in 
section where they pass through the supporting member. 
The rectangular sections of bearings E are mounted in rect- 
angular slots, which are somewhat longer than these sec- 
tions to permit a horizontal sliding movement of the bearing. 
The hubs of gear B are of large diameter and are in con- 
tact with the flanges of bearings E. Shaft F is flanged on 
one end and is provided with a spring G on the opposite 
end, the pressure of which draws bearings E together so 
as to apply frictional resistance to the rotative movement 
of gear B. 

As illustrated, rack A is moving in the direction indi- 
cated by the arrow, causing gear B to rotate in the same 
direction. Gear B, meshing with gear C, causes it and shaft 
D to rotate in the reverse direction. When the movement 
of rack A is reversed, the tendency for gear B to rotate in 
the reverse direction also is resisted by the friction applied 
through spring G. Inasmuch as  there is no resistance to  
the horizontal movement of bearings E, the latter will 
slide in the rectangular slots, thus disengaging gear B 
from gear C. When bearings E come in contact with the 
ends of the slots, further sliding movement is prevented, 
and continued movement of rack A causes gear B to rotate ; 
however, as gears B and C are out of mesh, no rotary 
motion is transmitted to gear C. When the movement of 
rack A is once more reversed (being then in the direction 
indicated by the arrow), bearings E immediately slide gear 
B into mesh with gear C and shaft D is rotated. 

An idler between gears B and C will permit rotation of 
shaft D in the opposite direction to that illustrated. 

Intermittent Motion for Changing Timing Interval for 
Air-Valve Functioning.-Fig, 25 shows how a shaft D, 
which originally served to actuate an air valve once for 

each revolution of the chain-driven sprocket A, was equipped 
with an intermittent indexing mechanism designed to actu- 
ate the valve once every sixth revolution of the driven 
eprocket. Since the slow constant speed a t  which sprocket 
A rotated could not be changed, it was necessary to pro- 
vide some means of driving shaft D from sprocket A at 
a reduced speed in the ratio of 6 to  1 to accomplish this 
change in the valve operating cycle. 

Fortunately, the complete operation of opening and clos- 
ing the air  valve (not shown) could be accomplished in 
one-eighth of a revolution of shaft D. This made it possible 
to employ the cam-actuated intermittent mechanism shown, 
which indexes shaft D one-sixth of a revolution at each 

no. 2s. Intmnlttont lndarlnp Mochonlrm Der lqnd  to Actuate a Valve Once 
Every Uxth Rrvolution of the Driven Sprockrt. 

revolution of sprocket A. With this mechanism, every 
sixth indexing movement of shaft D through one-sixth of 
a revolution served to open and close the air valve as  
required. 

The necessary modifications in the drive included the 
securing of sprocket A to the idling drum B, which is a 
free running fit on shaft D, and the provision of a collar 
E for retaining the drum and sprocket assembly on shaft 
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D. The sprocket wheel is located on drum B by the ma- 
chined ring C, and is held in place by countersunk-head 
screws. A steel housing F, attached to drum B, contains 
a spring-loaded pawl-ended follower. The follower, aa 
shown by dotted lines in the view to the right, is made in 
two pieces, the paw1 end being a square section bar with 
a V-shaped end. The rear end of this pawl is turned down 
to form a shank which is a sliding clearance fit inside the 
loading spring. The end of this shank is threaded to fit 
the threaded hole in the follower shown in contact with 
the cam-plate H. 

Secured to shaft D is a hardened tool-steel hexagonal 
member G, which has a V-slot centrally located in each of 
its six flat faces. Normally, the loading spring holds the 
pawl out of contact with member G, but when the follower 
end comes in contact with cam H, the pawl end is forced 
into one of the slots in member G, which causes shaft D 
to rotate with sprocket A. The length of the indexing 
movement is determined by cam H, which keeps the pawl 
in engagement with member G through one-sixth of a 
revolution and then permits the pawl to withdraw, so 
that member G remains idle for the remaining five-sixths 
of a revolution. 

Operation of the air  valve is, of course, accomplished 
during one of the six indexing movements of member G, 
the other five indexing movements performing no valve- 
operating function. Cam H is provided with radial slota 
for the clamping screws to permit adjustment of the cam 
so as to insure correct timing of the engagement of the 
pawl and member G. 

CHAPTER 3 

Intermittent Motions from Ratchet and 
Geneva Mechanisms 

Two methods of producing intermittent motion in which 
the periods of rest are  evenly spaced and of equal length 
are by means of ratchet gearing and by using some modi- 
fication of the Geneva motion. In its basic form this motion 
is obtained by means of a Geneva wheel, acting a s  a driven 
member, which has four radial slots located 90 degrees 
apart that successively engage a roller or pin on the driv- 
ing member. The Geneva wheel thus turns with the driv- 
ing member through one-quarter of a revolution and is 
idle for the remainder of the revolution of the driving 
member. 

A number of ingenious mechanisms in which n ratchet 
arrangement o r  a Geneva motion play a prominoilt part  
are described in this chapter. For other mechanisms of 
a similar type, the reader is referred to Volumes I and 
I1 of "Ingenious Mechanisms." 

Ratchet Mechanism with Device for Controlling En- 
gagement of Pawl.-A rather novel method of controlling 
the action of a pawl on a ratchet i s  incorporated in the 
ratchet mechanism shown in Figs. 1 t o  6. In  the particular 
application for  which this mechanism was developed, the 
ratchet is required to operate a t  a slow and uniform rate, 
and a t  periodic intervals to skip one or more movements. 

The ratchet wheel A, Fig. 1, is mounted on a shaft  B, 
which, in turn, rests in a bearing C. The pawl D forms 
a part of the operating unit, which consists of the actu- 
ating rod E, connected to the upper mechanism, and the 
bar F, which serves to keep the ratchet and pawl in  the 
same relative positions throughout their movements. A 
stud G holds the three members of the operating unit tcr 
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gether. The pawl control unit consists of a displacing 
collar H, Fig. 3, which has a sliding fit on the pin J. The 
key K slides in a keyway in the pin J and serves to keep 
the member H in a fixed position relative to ratchet A. A 
cam follower L makes contact with the surface of the cam 

Flgr. 1 to 6. Dlogmms Showlmg Retch.) Meehanbm r l t h  Con 
Arrangement for Dlsenpoglng Pawl. 

M, which is fastened to a shaft N .  Spring 0 tends to keep 
the displacing collar H away from ratchet A and a t  all 
times under the action of cam M. To properly align the 
ratchet mechanism and displacing collar, the pin J is 
extended into a hole in the end of shaft  B. 

In Fig. 4, the pawl is shown in position ready to rotate 
the ratchet through a distance equivalent to one tooth 
space. Fig. 2 shows how the pawl travels through an arc 
determined by the the length of bar F. In Figs. 1 and 2, 
the position of member H is as shown in Fig. 3, where i t  
will be noted that the cam follower L is a t  the lowest point 
of the cam surface and the displacing collar is away from 
the ratchet. Fig. 5 shows the cam rotated to the position 
where follower L has caused member H to be moved for- 
ward toward the ratchet. The result is  shown in Fig. 6, 
where it will be seen that the pawl has been raised, to 
prevent i t  from coming in contact with the next tooth, 
thus interrupting the ratchet movement. 

The cam M can be arranged to provide any f o m  of 
interrupted ratchet motion desired. It can be arranged to 
rotate continuously or intermittently, depending upon the 
nature of the application. The cam action is so timed that 
member H is moved forward into position to prevent the 
pawl from engaging the ratchet wheel a t  the moment the 
pawl is in the position shown in Fig. 2. 

Ratchet Movement with Idle Period.-A ratchet move- 
ment operated by an oscillating lever in the conventional 
manner, except that the pawl is rendered inactive at  a pre- 
determined period, is shown in Fig. 7. This movement is 
used to operate a conveyor belt on a wire-forming machine, 
the purpose of the idle period being to  increase the loading 
time a t  a certain point in the cycle. 

Lever B is free to oscillate on shaft  A. Ratchet wheel 
C is keyed to shaft A and carries on i ts  hub a similar but 
narrower ratchet wheel D. The latter wheel is free to 
turn on the hub of wheel C. Pawl F, which transmits the 
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motion of lever B to ratchet wheel C, is sufficiently wide 
on the working end to engage both ratchet wheels C and 
D. Ratchet wheel D carries the single-toothed dog E. 

In operation, ratchet wheels C and D are given a partial 
revolution through the engagement of pawl F with their 
teeth, as the lever B swings to the left. On the return 
stroke, lever B swings to the right and pawl F rides over 
the teeth of the ratchet wheels, which remain stationary. 

Fig. 7. Ratchet Mechanism with Intermlttont Idle Period. 

The illustration shows lever B a t  the end of its forward 
stroke and about to swing to the right in the direction 
indicated by the arrow. 

Toward the end of the return stroke of lever B, pawl 
F is lifted out of contact with the ratchet teeth by dog 
E, as indicated by the dotted lines a t  G. As lever B reaches 
the end of its return stroke, pawl F drops behind the tooth 
of dog E, but is still held out of contact with the ratchet. 

Then when lever B swings to the left, pawl F engages the 
tooth of dog E, giving the ratchet wheel D a partial revolu- 
tion. As there is no connection between ratchet wheels C 
and D, wheel C remains stationary during this part  of the 
cycle. On the succeeding forward strokes of lever B, pawl 
F again actuates the ratchet wheels C and D until dog E 
is once more brought under pawl F. 

The movement, as  shown, is desimed to provide one idle 
period in six motions of lever B. Other cycles may be pro- 
vided for  by using more than one dog, but i t  is necessary 
that the angular movement of lever B be evenly divisible 
into the 360 degrees of a circle; otherwise i t  will not be 
possible to maintain a definite timing cycle. The rest 
period can be eliminated a t  will by merely setting ratchet 
wheel D so that pawl F will pass over dog E on the return 
utroke of lever R, thus allowing pawl F to engage the 
ratchet teeth a t  all times. 

Ratchet Mechanism with Special Pawl Arrangemen).- 
A ratchet mechanism with rather a n  unitaual pawl arrange- 
ment is shown with the operating lever in three different 
positions in  Fig. 8. This ratchet mechanism is used to 
rotate a rope drum employed to provide the tension required 
for joining conveyor bands or  belts. It can also be utilized 
as a conveying device for  heavy machines and for other 
purposes. 
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The ratchet wheel A is directly connected with the rope 
pulley or drum. The operating lever B supports a ratchet 
pawl C which produces only a forward motion of the ratchet 
wheel. Any reverse motion is prevented by another pawl 
D, fixed in the base of the mechanism and pressed against 
the ratchet teeth by a spring. Operating lever B causes 
rotation of the wheel and the rope drum. 

When the winding work is completed, the hand-lever is 
brought into the position shown in the middle diagram, 
where it is stopped by a pin which comes in contact with 
lever E. Pawl D remains in mesh with the ratchet teeth, 
so that any unintentional motion of the wheel is prevented 
should pawl C be accidentally disengaged. If it is desired 
to withdraw the rope, the hand-lever is placed in such a 
position that the fixed pin lies in front of lever E and 
causes it to tilt, as shown in the right-hand diagram. In 
this position, the cam-like surfaces of the pawls disengage 
the pawls from contact with the ratchet teeth, permitting 
the rope drum to rotate freely. 

Ratchet Movement with Remote ControL-A reversing 
ratchet movement in which the operating pawl is tripped 
from a distant point is shown in Fig. 9. This movement is 
used to  control the work-table of a metal polishing machine. 
Referring to the illustration, M is the work-table carrying 
the rack B which meshes with gear A. Gear A is free to 
turn  on shaft J, which is supported on bearings (not 
shown). Shaft J carries the levers F and C a t  opposite 
ends, both levers being keyed to the shaft. Rod D trans- 
mits an oscillating motion to lever C. 

Lever F carries pawl G and bar H, both of which are 
keyed to shaft P which passes through lever F. Shaft P 
is a free turning fit in lever F. Shaft K passes through 
shaft  J carrying levers E and L a t  opposite ends. Lever 
E carries a plunger N, backed by a spring, which makea 
contact with bar H, thus engaging pawl G with gear A. 

Referring to the view at the left, rod D is assumed to 

be moving in the direction indicated by the arrow, the 
motion being transmitted through levers C and F, pawl G, 
and gear A to rack B, so that: table M moves in the direction 
shown by the arrow. As lever E rests against the pin in 
lever F, motion is transmitted to lever L through shaft  
K. On the return stroke of rod D, gear  A remaina sta- 
tionary, the pawl G riding back over the teeth. 

As the movement of table M continues, pin 0 eventually 
strikes lever L, giving shaft K a partial revolution within 
shaft J, so that lever E is brought against the upper pin 
on lever F. This causes plunger N to act  on the opposite 
end of bar H, swinging pawl G so that i ts lower end engages 

Flg. 9. Rcvenlng Rotchct Mov-ment whlch Is Tr1pp.d by Contact of 
Pin 0 on Toblm M with Levmr L 

gear A. In this manner, gear A is given a partial revolu- 
tion on the forward stroke of rod D instead of on the 
pulling stroke as shown, so that the motion of table M is 
in the reverse direction. This continues until a pin a t  
the opposite end of table M strikes lever L, again tripping 
pawl G and repeating the cycle. 

Noiseless Ratchet Mechanism for Preventing Reversal 
of Shaft.-The ratchet mechanism shown in Fig. 10 was 
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designed for noiseless or silent operation, and was orig- 
inally intended for use on the head-shaft drive of belt 
conveyors, where a peripheral speed of 100 or  more feet 
per minute is attained. However, it could easily be adapted 
to other uses where it is desirable to prevent a shaft from 
turning backward. 

The mechanism is very simple, centrifugal force being 
utilized to keep pawls A from contact with the ratchet 
teeth B while the rotating member C is in motion. Member 
C is keyed to the shaft K. The instant C stops rotating, 
one of the three pawls A engages teeth B, preventing shaft 
K from rotating backward. When forward motion of the 
shaft is resumed, the pawl is instantly thrown out of con- 
tact with the ratchet teeth, the outward motion being 
restricted by stop-pins S. 

The rotating member is composed of two indentical plates 

C, as shown in the cross-sectional view to the right. The 
three pawls A are suspended between plates C in such a 
way that they are free to swing on their pivot pins D 
while the member C rotates in a forward direction. The 
ratchet teeth B are cut in a 180-degree segment mounted 
in the upper half of a dust-tight housing, the segment 
being held fixed between plates E, F, and G .  The inner 
plate E is attached to  the frame of the mechanism. The 
part H occupies the same relative position between the 
plates in the lower half of the housing as that occupied by 
the ratchet-tooth segment in the upper half. 

Ratchet Mechanism that Converts Reciprocating Move- 
ment to Continuous Rotary Motion.-In desiming a cer- 
tain mechanism, the problem arose of providing a rotary 
drive for a shaft when the only available motion was 
reciprocation in a plane a t  right angles to the axis of the 
shaft. It was required that the rotation be continuous in 
one direction, but i t  did not need to be absolutely uniform. 
The problem was solved by the ratchet mechanism shown 
in Fig. 11. 

In the illustration, the shaft to be rotated is shown a t  A. 
It is supported in suitable bearings (not shown). Ratchet 
B is keyed to the shaft A. On each side of the ratchet and 
turning freely on the shaft are pawl arms C and D. These 
arms are  held in place by collars E which are pinned to 
shaft A. At the outer end of arms C and D are pins F 
and G ,  about which pawls H and J are  free to swivel. These 
pawls are held in contact with the teeth of ratchet B by 
springs K. The latter are attached to the hubs of the 
pawl arms and bear against spring pins L mounted on pawls 
H and J. 

The reciprocating member M is connected by links N 
and P to the outer ends of the pawl arm pins F and G. 
One link is above ratchet B, and the other link below the 
ratchet. 

As reciprocating member M moves toward the right, 
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the ratchet is rotated counter-clockwise by the pawl J 
engaging a ratchet tooth. During this movement, pawl H 
ricles over the ratchet teeth. When member M moves to 
the left, pawl H engages a ratchet tooth and continues the 
rotation of both the ratchet and shaft A in a counter- 
clockwise direction. During this movement, pawl J slips 
over the ratchet teeth. 

The pawls are beveled a t  their outer ends on the side 
adjacent to each other, as  shown by pawl H in the plan 
view, so that the two pawls can pass each other without 
interference when they are a t  the extreme right-hand end 

of their travel. Likewise, links N and P are curved, so 
that they will readily clear ratchet B when member M 
is a t  the extreme right-hand end of its movement. A fly- 
wheel (not shown) promotes uniformity of motion of the 
driven shaft. 

Lever-Operated Self-Locking Indexing Mechanism.- 
One continuous motion of lever C of the mechanism shown 
in Fig. 12 serves to index shaft A through angle T and 
lock it in position. This mechanism is employed on a hand 
miller in making two saw cuts in a steel arm. There are 
various sizes of arms and the angle between the cuts 
varies with the size of the arm. Provision is made for 
adjusting the indexing plates S and R to suit any required 
indexing angle T. 

no. 11. Ratchet Mechonlrm uhlch Pmrldu a Continuom Rotory M w  
thot ir h r l v a d  from o Reclprocotinp Motion. M. 12. Two-porltlon Indexlng Mechanism for Millinn Mochlne. 
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Shaft A is part of the work-holding cradle of the fixture, 
which is to be indexed and locked in either of two positions. 
Arm B is pinned to shaft A. The stud D is held in arm B 
by nut E. The operating lever C and pawl F are free to 
swing on stud D, being retained on the stud by a washer 
and nut G. 

The end H of lever C terminates in a point formed to 
a small radius. This pointed end engages a pointed plunger 
J which slides in a hole in the arm B and is forced against 
the pointed end of lever C by helical spring K. The 
action of the spring plunger against the operating lever 
C causes the lever to turn away from the plunger when 
the lever is swung to either side. 

A pin L driven into a hole in lever C slides in a slot M 
in the pawl F. The length of the slot is such that the 
lever can be swung until its point snaps over the plunger 
before the pin reaches the end of the slot and turns the 
pawl F. The pawl projections N and 0 engage the slots 
P and Q, respectively, in the index-plates R and S. 

With the members of the mechanism in the position 
shown, the pressure of the plunger J against point H of 
lever C causes the lever to turn counter-clockwise. The 
pin L is thus brought against the end of slot M in pawl 
F, turning the pawl and forcing projection N into slot 
P in the index-plate. 

To be indexed to the other position, the lever C is turned 
clockwise until its point H snaps over the point of the 
plunger J and the pin L has moved to the other end of 
slot M in pawl F. The pressure of the spring plunger J 
on lever C now holds pin L against the end of slot M. 
The projection N of the pawl will be withdrawn from 
slot P and the pawl will be rotated clockwise until its pro- 
jection 0 comes in contact with the edge of the index- 
plate S. Continued rotation of lever C causes arm B and 
shaft A, with its cradle, to be rotated through angle T, 
pawl projection 0 sliding on e d ~ e  of index-plate S.  

When projection 0 reaches slot Q, the spring plunger 
forces the pawl projection into the slot, thus completing 
the indexing operation. The reverse indexing is effected 
in the same manner by moving the lever counter-clockwise. 

Double-Adion Reversing Ratchet Movement.-A ma- 
chine use8 for polishing a wire product has a traveling 
table which is given an intermittent motion by means of 
a rack and pinion actuated by an oscillating lever through 
a ratchet and pawl. In the original design, the pawl actu- 
ated the ratchet during one-half of the oscillating cycle 
of the lever, the pawl riding over the ratchet teeth on 
the return stroke in the conventional manner. 

In the improved design, shown in Fig. 13, two pawls G 
and H are employed to rotate the gear A in a clockwise 
direction on both the forward and reverse strokes of the 
oscillating lever E. Referring to the illustration, rod T 
is given a reciprocating motion by means of a crank, thus 
transmitting an oscillating motion to lever E ,  which is 
free on shaft C. Gears A and R are keyed to shaft C, 
gear R meshing with the rack P,  which is carried on the 
work-table S. 

Referring to the view at the left, lever E transmits 
motion to lever F through the link I. Lever F and gear 
B are free to rotate on shaft D and gear B meshes with 
gear A on shaft C. Levers E and F carry the pawls G 
and H, respectively. Pawls G and H are slotted to receive 
pins on the ends of rods U and V, which slide in dovetailed 
grooves in levers K and L. Rod U is drawn upward by 
a spring, while rod V is drawn downward by a similar 
spring. Levers K and L are connected by the link J, which 
carries pin W a t  its center. Any horizontal movement of 
pin W causes levers K and L to move in unison. Stops 
M and N in work-table S serve to trip the pawls at both 
ends of the work-table travel. 

Referring to the view a t  the left, the rod T, moving in  
the direction indicated by the arrow, transmits motion 
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through lever E and pawl G to gear A, giving the latter 
a partial rotation in the direction indicated by the arrow. 
As both gears A and R are  keyed to shaft C, the motion 
of gear A is transmitted through gear R to the rack P 
in the direction indicated. Gear A transmits its motion 
to gear B in the reverse direction, gear B serving no use- 
ful purpose a t  this time, merely turning under the pawl H. 

As rod T reaches the end of its travel and reverses its 
direction, levers E and F also reverse their direction 
of travel. At this point, the reverse motion of lever F is 
transmitted to gear B through pawl HI the motion being 
continued through gears A and R to the rack P. In this 
way, both forward and return strokes of rod T are utilized 
to transmit motion to rack P in the same direction. 

As the stops M and N are attached to work-table S, they 
move with the rack P. In the position shown in the view 
to the left, each movement of rack P brings the stop M 
closer to pin W. As stop M strikes pin W, the levers K 
and L are made to swing to the right, which, in turn, 
causes the outer ends of pawls G and H to engage the 
gears A and B. As this causes gears A and B to rotate 
in the reverse direction, the movement of rack P is reversed. 
This motion continues until stop N strikes pin W, when 
the direction of movement is again reversed. 

Geneva Wheel Designed for Precise Intermittent In- 
dexing Movements.-A modified type of Geneva wheel 
that was developed to obtain precise intermittent index- 
ing movements is shown in Fig. 14. This special mechan- 
ism, shown diagrammatically a t  J, was designed to elim- 
inate any backlash or over-running action of the driven 
member F a t  the end or beginning of each indexing move- 
ment, when the pin A of the driving member E enters or 
leaves the slot in one of the arms of the driven member 
F. The relative positions of the driving and driven mem- 
bers a t  the start  and end of the indexing movement are 
shown in the diagrams J and L, respectively. 



78 RATCHET AND GENEVA INTERMITTENT MOTIONS RATCHET AND GENEVA INTERMITTENT MOTIONS 79 

With the mechanism designed as shown, the  drive^ 
shaft H, keyed to wheel F, is indexed one-fourth revolu- 
tion for  each revolution of the driving shaft G, which is 
keyed to wheel E. Each indexing movement starts smoothly 
a s  the long driving pin A enters one of the slots in wheel 
F and pin C passes out of contact with the flange on the 
rim of wheel F. 

The driving pin A, as  shown in section X-X, is long 
enough to make contact with the sides of the slots in 
wheel F for the full depth or thickness of the slotted 

part of the wheel. The two shorter pins B and C, one of 
which is shown in section Y-Y, a r e  made to clear the 
bottom of the recess machined in the  under side of wheel 
F, as  shown in section 2-2, but a r e  not long enough to 
contact the straight sides of the slots contacted by pin A. 

The pins B and C are so positioned, however, that  they 
make close running contact with the flange formed by the 
recess on the under side of wheel F (see the broken sec- 
tion 2-2). The flange D, machined integral with wheel 
E to a close running fit with each of the four segments of 
wheel F ,  has a 90-degree section cut away opposite the 
driving pin A to provide clearance space for  the project- 
ing arms of the driven wheel during the indexing move- 
ment. 

Referring to the diagram a t  J, pin A is just entering : L  

slot in wheel F, while pin C is passing out of contact with 
the rim on the under side of wheel F. The pin C, being 
a close running fit on the inside of the flange on wheel F, 
and flange D, being a close running fit on the outside of 
the flange on wheel F, serve to hold wheel F stationary 
uctil the indexing actually begins, and also prevent i t  
from further movement the instant the indexing is termi- 
nated. During part of the revolution of driving wheel E, 
the flange D alone serves to hold the driven wheel sta- 
tionary in  the dwell position, as  indicated in diagram N. 

The accurate positioning of pin C also prevents any 
movement of wheel F before pin A engages a slot. Thus 
the indexing movement of wheel F is started with a smooth, 
accelerating motion and stopped as smoothly with a decel- 
erating motion without any over-run or backlash. 

Diagram K shows the mechanism with the driven wheel 
F rotated through one-half of the first indexing move- 
ment, a t  which point it has reached its maximum speed 
of rotation. 

Diagram L shows the driven wheel a t  the end of the 
indexing movement, with the short pin B of the driving 
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wheel making contact with the flange on the under side 
of the driven wheel, so that  i t  holds the outer side of the 
flange in contact with flange D of driving wheel E. Thus 
pin B prevents any rotational movement of the driven 
wheel as driving pin A leaves the slot in the driven wheel 
a t  the end of the indexing movement. 

The diagram a t  M shows the driven wheel in the dwell 
position with pin B still in contact with the flange on the 
under side of the driven wheel. The broken section 2-2 
shows the short pin B clearing the recess in the driven 
wheel, which is held stationary in the dwell position. Sec- 
tion 2-2 is broken, part  of the view to the left being 
shown in full lines, in order to indicate the difference in 
the heights of the driving pin A and the two pins B and C. 

The diagram a t  N shows the driven wheel still in the 
dwell position, where i t  remains stationary until rotation 
of the driving wheel E brings pin C and driving pin A 
into the positions indicated in diagram J. The indexing 
movement and dwell period described are then repeated, 
driven wheel F being indexed one-fourth turn  fo r  each 
complete revolution of driving wheel E. 

Geneva Motion Mechanism of Unique Design.-In de- 
signing a machine for the automatic stamping of consecu- 
tive numbers on the corners of envelopes, i t  became neces- 
sary to develop some interesting mechanisms, among which 
was the Geneva dial motion shown in Figs. 15 and 16. 
This unique mechanism performs its intermittent index- 
ing movements a t  a uniform rotational speed instead of 
a t  the accelerating and decelerating speed of the harmonic 
motion characteristic of the Geneva mechanism of conven- 
tional design ordinarily employed for such purposes. 

Referring to Fig. 15, the mechanism is driven by a pinion 
a t  A which meshes with gear B. Indexing of turret  C, 
as required to bring the correct numbers into their respec- 
tive stamping positions, is controlled by a separate mech- 
anism (not shown) which actuates trip-rod D. When rod 



82 RATCHET AND GENEVA INTERMITTENT MOTIONS RATCHET AND GENEVA INTERMITTENT MOTIONS 83 

D is moved by the control mechanism to engage clutch E, 
shaft F makes one revolution, being driven by pinion A 
through intermediate gears B, G, and H. 

The Geneva motion driving member I (also shown in 
Fig. 16) keyed to shaft F indexes the Geneva dial J one 
station, o r  one- sixth of a revolution. Dial J ,  being 
secured to a sleeve on which turret C is mounted, trans- 
mits the same indexing movement to the turret and gear 

K. During the indexing movement, cam L shifts pinion M 
out of mesh with gear N and into mesh with gear K. In 
order to permit this gear shifting t o  be accomplished, i t  
is necessary that gears N and K have the same constant 
rotational speed, which would not be the case if the 
Geneva motion mechanism were of conventional design. 
Thus i t  was necessary to modify the design of the Geneva 
drive motion, a s  indicated in the end view of the mech- 
anism, Fig. 16. 

Referring to Fig. 15, pin 0 (which in the case of a 
Geneva motion mechanism of the regular type would be 
in a fixed position) is secured in a slide R mounted in  
a dovetail groove in driver I. At the outer end of slide 
R is mounted a follower-roll P, which runs in a cam 
groove Q in a stationary plate. This cam proove is so 
designed that when pin 0 enters the driving groove o r  
slot in the Geneva dial J ,  slide R is forced inward, caus- 
ing pin 0 to accelerate the rotational speed of dial J suf- 
ficiently at the entering and leaving positions of the index- 
ing movement to result in a constant or uniform rate of 
rotation for  dial J during the entire indexing operation. 
This uniform speed of rotation, being the same a s  that 
of gear K, permits pinion M to be readily shifted from 
gear N t o  gear K or from K to N during the indexing 
movement of dial J through one-sixth of a revolution. 

Geneva-Wheel Mechanism for Obtaining Intermittent, 
Reversible Rotation.- Intermittent rotation, with means 
for reversing the direction of rotation, when desired, i s  
provided by the mechanism shown in the accompanying 
illustration. Referring to Fig. 17, the vertical shaft K is 
driven at the same speed a s  the drive-shaft A through 
the medium of a pair of bevel gears B having a ratio of 
1 to 1. The shaft A also drives the  disk C, in  which a 
pin D is mounted. 

Pin D fits into the radial dots  of the Geneva wheel E, 
which are  spaced 72 degrees apart. Thus, for each rev* 
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lution of shaft A, wheel E is indexed through one-fifth of 
a revolution by pin D. Gear F, which is fixed to wheel 
E and rotates on the same shaft L, has sixty teeth of 24 
pitch. Pinion G, having twelve teeth of 24 pitch, which 
meshes with gear F, is therefore driven intermittently 
through one revolution for each revolution of driving 
shaft A. 

The direction of rotation of shaft H, on which pinion 
G is mounted, can be reversed by bringing gear J into 
mesh with pinion G. This angular movement disengages 
gear F from pinion G, as both shafts L and M are mounted 
in bracket N, which pivots about driving shaft A. 
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CHAPTER 4 

Overload, Tripping and Stop Mechanisms 
Mechanisms. which automatically operate to stop an 

operation when overload occurs, to trip and start  a new 
sequence or operation when a certain position or part  of 
a cycle is reached, or to bring an operation to a halt a t  
the end of a given cycle or when a given amount of motion 
has occurred, are described in this chapter. Other mech- 
anisms performing similar functions are described in 
Volumes I and I1 of "Ingenious Mechanisms." 

Tripping Mechanism Operated by Revolving Shaft.- 
The mechanism shown in Fig. 1 is designed to operate 
the tripping lever A from the rotating shaft B. The object 
is to move lever A from the position shown by the full 

Flp. 1. Trlpplng Mechanism 0prmt.d by Rototlng Shaft  B rUo(r 
ShlCh Lover from Position A to Pmltion C and Back Again with 

Dwell Between Movements. 
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lines to that indicated by dotted lines a t  C, and back again, 
with an idle or rest period between movements. This is 
effected by means of disk D, which is keyed to shaft B, and 
linkage arrangement shown. Shaft B and disk D rotate in 
direction indicated by arrow E. A pin F in disk D fits a 
block G which is a sliding fit in a slot in lever H. 

Lever H, being keyed to the shaft I, oscillates the latter 
shaft continuously as shaft B revolves. This oscillating 
movement is also transmitted to the fork-shaped member 
J ,  keyed o r  pinned to shaft I. Member J has two pads K 
and L which are  alternately brought into contact with the 
roll R a t  one end of the lever M. The illustration shows 
the mechanism with lever H a t  approximately its highest 
point, and pad L in contact with roll R. With lever H in 
this position, the outer end of the trip-lever A is depressed 
to the position shown through the action of connecting 
link N and crank member P. 

As shaft B continues to revolve, pad L moves away from 
roll R, allowing trip A to retain i ts position until pad K 
makes contact with the upper side of roll R, depressing 
it so that the outer end of trip A is  raised to the position 
indicated by the dotted lines a t  C. Continued rotation of 
ehaft B raises pad K from contact with roller R, so that 
the trip retains the position indicated by the dotted lines 
until pad L is again brought into contact with roll R. 

Tripping Mechanism Operated by Revolving Shaft.- 
A modification of the design just described eliminates the 
large member J  shown in Fig. 1. 

As shown in Fig. 2, the lever H is provided with an 
integral extension piece C which acts upon roller R, caus- 
ing i t  to transmit motion to the tripping lever A. Pad 
L is attached to lever H, as  shown, and is located so as 
to come in contact with roller R when lever H is brought 
to its lowest position. The lever H has an oscillating moue- 
ment obtained by means of shaft B, disk D, etc., as in the 
mechanism just described. 
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Two-Way Stop for Angular Movement of Shaft.-The 
mechanism shown in Fig. 3 comprises an arrangement for 
stopping the rotation of shaft A in two extreme angular 
positions by means of a single lever arm B attached to 
the shaft. The shaft C is connected to the lever arm by a 
pin, and is a slip fit through the trunnion D. The trun- 
nion revolves around pin G and is held securely to the 
baseplate by the two bearing brackets E. 

Fls. 2. Trlpply Muhsnhm 0mret.d by Rototlng Shaft B rMch 
Shifts bvor  A wlH Droll  betwoon Movomonts. 

The rubber shock absorber F on the end of shaft C stops 
against the trunnion block when shaft A is in either of 
the extreme positions X or Y. The position of the shock 
absorber is adjusted by means of the nut and lock-nut 
shown. By moving the trunnion block and its supporting 
brackets to either side of the center line, the extreme 
positions a t  which the angular movement of ahaft A ia 
stopped can be changed to suit a wide range of operating 
requirements. 

Mechanism for Tripping e Rotating Lever.-The mech-. 
anism shown diagrammatically in Figs. 4 and 5 is designed 
to operate a trip-lever within a revolving housing a t  cer- 
tain predetermined intervals, the exact time of each opera- 
tion being controlled by a cam driven a t  the correct speed. 
The revolving housing A, Fig. 4, is mounted on sleeve B 
held on shaft C. The housing or  head A, with its group 
of parts, revolves on sleeve B in the direction indicated 
by arrow D. The short lever E is free to  pivot, and is 
pinned to shaft F, shown in cross-section. Lever E carries 
a roll G which comes in contact with a long radial dwell 

1 

Fie. l. Moehrnhm for Stoppl Rotation of Shaft A In Two Extlumo 
~ n g 3 a r  ~ o s l t ~ o n r  
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I on lever H, the latter lever being attached to the housing 
by fulcrum stud J. 

The long lever H, with a roll K a t  the end, is held in 
the outward position, away from the center of the revolv- 
ing housing by means of spring pin L, the outward move- 
ment being limited by a stop-pin at  M. When roller K 
moves in and out a distance a, Fig. 5, pivoting about stud 
J as a center, the short lever E rocks shaft F. This rocking 
action, in turn, operates a trip mechanism (not shown) 
which is located within the machine itself. A spring 
within the machine serves to hold the short lever in its 
outer radial position. 

The mechanism for operating the long lever H a t  pre- 
determined intervals as  i t  revolves past a non-revolving 
cam surface V on lever P is actuated by cam W. Refer- 
ring to Figs. 4 and 5, bracket N is attached to the side 
of the machine and carries lever P, which is pivoted a t  Q.  
Spring R serves to hold lever P back against the beveled 
or cam surface S of a sliding member T. Member T is 

fig. 6. Lever H is  F o t c d  Inward by Corn Sudac* V on L e m  
thoc Caurer Corn I to  Rotote S h o e  F I n  Counter-clockwise 

Direction through Contoct with Roller G 

free to travel up or down in a guide-way of the bracket 
Cam surface S of the slide operates to push lever P to 
the right, so that roll K on the revolving lever H strikes 
the cam surface V a t  the correct time for operating the 
trip mechanism. 

Actual timing of the trip is accomplished by cam W on 
a shaft which revolves in time or  synchronism with the 
other operative units of the machine. Lever X, with a 
roller a t  x, pivots on a stud a t  Y. Lever X actuates slide T 
through connecting link 2; thus, when cam W and head 
A revolve in proper synchronism, the surface S on slide 
T is moved into engagement with lever P which, in turn, 
places surface V in position to push lever H over, as  
shown in Fig. 6, causing the short lever E to operate the 
tripping mechanism within the machine. 

Overload Release Clutch Mechanism.-In the opera- 
tion of an automatic machine that produces a formed wire 
product, i t  was impossible to prevent occasional jamming 
when changes in the wire size resulted in imperfect form- 
ing. To prevent serious damage to the machine, i t  was 
necessary for  the operator to cut off the power immedi- 
ately when the machine became jammed. As the operator 
was unable to maintain the close watch of the machine 
required to prevent damage, i t  was decided to attach an 
overload release clutch, as  shown in Fig. 7. 

The normal operating positions of the overload clutch 
members a r e  shown in the left diagram of Fig. 7. Drive- 
shaft A carries a collar B, which i s  keyed to it. Collar 
B is grooved on the periphery to receive a pad on the 
long arm of bellcrank lever D which swivels on stud E 
carried on gear C. Stud G on gear C carries lever F, 
the lower end of which is provided with a V-shaped cam 
surface. The lower side of this V-shaped cam is in con- 
tact with the rounded end of lever D. Spring H, attached 
to the short arm of lever D and the Tower end of lever F, 
provides sufficient tension to hold the pad on lever D in 
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the groove of collar B during normal operation. The rota- 
tion of collar B is thus transmitted to  gear C through 
lever D and stud E, the entire assembly rotating a s  a 
unit in the direction of the arrow, a s  shown in the left 
diagram of Fig. 7. 

In  the event that the clutch is overloaded, due t o  jam- 
ming of the work, the resistance to  rotation of gear C 
overcomes the tension of spring H, causing the pad on 
lever D to be forced out of the groove in eollar B, and 
thus disconnecting gear C from the source of power trans- 
mitted by shaft A. The movement of the end of lever D 
on the cam surface of lever F swings the latter member 
to the left; and as the rounded end of lever D passes over 
the high point of the earn surface on  lever F, the upper 
edge of the cam surface on lever F acta on the lower edge 
of the end of lever D, lifting i t  completely out of contact 
with collar B, as  shown in the center diagram of Fig. 7, 
and thus preventing lever D from returning to its normal 
driving position until it has been re-engaged by the operator. 

An Overload Relief Device for Machine Protection.- 
An ingenious device designed to protect a driven machine 
mechanism from breakage in the event of accidental jam- 
ming of the work during normal operation of the machine 
is shown in Fig. 8. One feature of this device is tha t  all 
forces are  self-contained, and when i t  is  tripped o r  released, 
no axial force is exerted on bearings or moving parta. 

The mechanism consists primarily of a lever A which 
transmits a rocking movement to shaft  B through suit- 
able linkage. By itself, lever A is free t o  swivel about 
shaft B. I t  is held in one position on the shaft by a 
bearing a t  the right and arm C and collar F at the left. 
With plunger D seated in a conical socket in bushing E, 
however, motion is transmitted from lever A through arm 
C to shaft B, arm C being keyed to the ehaft. Plunger 
D is held in  the seated position by spring H. 

The conical fit between plunger D and the socket of 
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bushing E, as well as the load provided by spring H, 
should be designed for transmitting only the desired amount 
of torque. Then, when this predetermined torque is ex- 
ceeded, the tapered end of plunger D will ride up out of 
its socket and lever A will become disengaged. 

To keep the parts disengaged is the function of plunger 
G. At the top point in the disengaging movement of plunger 
D, the deeper of two flat spots on the plunger comes oppo- 
site the end of plunger G. Plunger G then snaps to the 
right and holds plunger D in the disengaged position. This 

Fig. 8. Ingonlous Dovico Doslgned for Pmtocting s Muhanlsm agolmi 
Breakago It the Work Bacamoa Jammmd. 

permits the lever A to rock freely on shaft B until the 
device is manually reset, and power is, of course, no 
longer transmitted to shaft B through the mechanism. 

To reset the device. the machine must first be cleared 

of the obstruction, after which plunger G can be with- 
drawn to the left and plunger D reseated in the socket 
of bushing E. Plunger G is then free to return to the 
right, where i t  engages the shallower flat spot on plunger 
D. The purpose of this shallower flat spot is to prevent 
rotation of the plunger and to retain plunger D in position 
during disassembly of the mechanism. 

This device is also applicable to rotary driving members, 
as  well as  to rocking members. In the case of rotating 
applications, the centrifugal force acting on plunger D 
would have to be considered a s  well a s  the load provided 
by spring H. The plungers D and G and bushing E should 
be hardened in order to insure satisfactory life. 

Drive Unit with Overload Slip Mechanism.-The slip 
device shown in Fig. 9 was designed to prevent breakage 
of operative members, and is an important feature of the 
feeding mechanisms of certain machines. It i s  of the 
jump-pawl type, the pawl A being designed to operate 
with the radial plate Q.  Pawl A i s  free to  pivot upon 
stud B, although it is normally held in the position shown 
by the spring C. 

The bellcrank lever D oscillates through the arc El 
being actuated by the shaft F through pawl A, plate Q, 
and plate carrier R which is keyed to shaft F. Linkage 
levers G and H are moved up and down by means of 
connecting-rod J. Lever G is attached to a non-movable 
block a t  K, while lever H is attached a t  L to a sliding 
member M. The sliding member moves backward and 
forward in the direction indicated by the arrow N, once 
on the up stroke of the connecting-rod J and once on the 
down stroke, thus, in effect, producing a two-cycle move- 
ment of the member M for each reciprocation of rod J. 

If slide M becomes jammed or is prevented from mov- 
ing in a normal manner, pawl A will ride out of the notch 
in plate Q and travel over the radial surface of this 
member, thus disconnecting the drive. 



98 OVERLOAD, TRIPPING AND STOP MECHAN1S:dS OVERLOAD, TRIPPING AND STOP MECHANISMS 99 

Overload Feed-Trip Mechanism for Lathes.-The simple 
feed-trip mechanism shown in Fig. 10 was fitted to a 
heavy shell-turning lathe on which the feed had previously 
been of the entirely positive type, with no safety device 
to take care of overloading or jamming. The saddle of 
this lathe is fed in one direction only-that is, toward the 
headstock. Had there been a reverse for the feed-shaft, 
it would not have been possible to use the mechanism 
described. 

tlg. 9. Spllbdrlva Moehenlsm by Mmm of which Olcinotlw Wlcronk D 
Trammih R.clprocotlng Movement to Sllde M with Provision for Disengoglng 

the Ddve from Shoft F In  Core Slide M lkcomn Jammod. 

A slipping type coupling in the feed transmission had 
been decided upon, but this proved too difficult to apply, 
particularly on the existing machines. It was suggested 
that a slight alteration to the trigger mechanism of the 
drop-worm would allow i t  to automatically force itself 
out of mesh with the worm-gear in  the event of over- 
loading o r  jamming. Such an arrangement would have 
an advantage over a slipping clutch because, immediately 
the worm tripped, all stress would be removed from the 
feed transmission, whereas, with the usual type of slipping 

Fig. 10. Lothe F d  Overload Trlpplng Meehonlrm for 
Hwvy-duty Turning Operotlonr. 

clutch, the whole of the feed transmission would be sub- 
jected to a heavy load, in the event of a jam, until noticed 
by the operator. 

The simplicity of the mechanism shown can be judged 
from the fact that, in less than an hour after it was SUE- 

gested, i t  had been tried out and found satisfactory. No 
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new parts  were made, the  only work done consisting of 
a slight modification of the trigger elements of the drop- 
worm. Instead of being made practically square, to  hold 
the  drop-worm positively in mesh with its gear, the trigger 
faces A and B were made a t  a n  angle of 15 degrees, so 
tha t  a downward thrust on B, resulting from an  overload, 
would disengage the feed. Set-screw C compresses a spring, 
and can be adjusted to vary the pressure with which the 
trigger is held in the engaged position. The worm is  lifted 
by knob D, and knob E operates the trigger to t r ip  the 
feed. The feed-shaft runs in the direction indicated by 
arrow F. 

Roll-Driving Mechanism that  Stops Automatically in 
Case Material Breaks.-The mechanism shown in Fig. 11 
was designed for unwinding thin tissue from large rolls. 
The problem was to provide suitable means for  feeding the 
delicate, thin material, which is easily stretched and torn 
by improper handling. The arrangement shown provides 
fo r  stopping the feed if the material breaks, and will also 
slow up the speed of the roll if the feeding ra te  becomes 
greater than the rate a t  which the material i s  consumed. 
Thus, the roll of thin material is kept under control a t  all 
times, so that  the tissue is subjected to  a minimum amount 
of tension. 

The two fork-shaped side frames A are bolted to  a base- 
plate B. They support two feeding rolls C, mounted on 
shafts D, to  which they a re  fastened by taper pins E. 
Rolls C are provided with molded rubber covers F to in- 
crease the driving friction. The roll of tissue G is kept in 
position by shaft H, which is fitted in bushings I. The 
bushings are arranged to slide freely in the vertical slots 
in the side frames A. 

Mounted on each of the feeding roll shafts D is a spur 
gear J, fastened in place by a taper pin K. Bearing blocks 
L are so constructed that  the feeding roll assembly can 
be removed by unscrewing bolts M. Driving gear N of the 

feeding control mechanism is fastened to  s tub shaft  0 by 
a taper pin. The driving gear meshes with the feeding 
roll gears J. Clutch member P is  fastened to stub shaft 
0, in which there is a bore that  supports t h e  end of driv- 
ing shaft Q. The driving shaft  is thus supported between 
the stub shaft  and a bearing in the side f rame  A. Clutch 
member R slides on shaft  Q, guided by key S under the 

FIg. 11. Corrr-drf*.n M.chanlsm for Unrlndlng Thln Tissue from Roll  G whlch Stops If Mot*rlal 
B n o b  or I f  thm Cndlng Rob Cxceodr the Rot* at whlch tho Mat*rlol Is Uud.  
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action of spring T. Driving sprocket U is fastened to 
shaft Q. 

Yoke V of the clutch-actuating mechanism is equipped 
with pins which fit into a groove in clutch member R. The 
yoke is supported by a bracket fastened to side frame A. 
Tripping bar W is pivoted on shaft X, which is supported in 
bearings provided in side frames A. The tripping bar 
i s  balanced, so that i t  rests on pin Y in the side frame. 

The thin tissue material is guided over a series of three 
rolls, the positions of the two rolls a and b being fixed. 
The third roll c is free to move up and down in the side 
members or guides d. Guides d are  fastened to horizontal 
members e and f which are, in turn, fastened to side 
frames A. 

The operation of the unwinding mechanism is as  follows: 
Sprocket wheel U actuates driving gear N through clutch 
members P and R, thus rotating feeding rolls C. The feed- 
ing rolls, in turn, rotate the roll of tissue, the entire 
weight of the material being supported by the feeding rolls. 
The tissue passes over guide roll a, under movable guide 
roll c, and up over the fixed guide roll b. In actual opera- 
tion, movable guide roll c is raised from tripping bar W, 

If the tissue is broken o r  ruptured, movable guide roll 
c comes to  rest on tripping bar W, causing it to raise the 
opposite end from pin Y and make contact with yoke V. 
This action causes the yoke to draw clutch member R away 
from member P, thus stopping the feeding rolls. The same 
action takes place when the rate a t  which the material is 
being fed becomes greater than the rate a t  which the 
material is consumed. In such cases, movable guide roll 
c will fall on tripping bar W, causing the feeding rolls to 
stop and thus stop the rotation of the tissue roll G. 

Clutch Equipment for Quick-Acting Brake.-The quick- 
acting brake in the double-ended jaw clutch shown in Fig. 
12 was designed to permit the sudden stopping of a certain 
shaft E used for winding metal strip. The driving shaft A 
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is rotated continuously by a belt on the pulley B to which it 
is keyed. The double-ended clutch jaw D is free to move 
endwise along shaft E and slide along a key which compels 
it to revolve the shaft when engaged with the driving 
member C. 

When jaw D is disengaged from member C, it engages 
the inember F, which also acts as  a brake-drum. Brake- 
shoes G and H, being tight a t  all times, will stop shaft 
E quickly upon the engagement of clutch D with member 
F. The brake-shoes are kept tight by means of bolts J 
and I. They are fastened to the bearing stand, which 
prevents them from turning. The brake linings are of 
standard width and can easily be replaced when worn out. 

Safety Relief Mechanisms for Light Drives on Specid  
Machines.-A relief mechanism of some type incorporated 
in the main drive provides adequate means of preventing 
breakdowns of many special light machines. I t  is some- 
times difficult, however, to design or choose a simple effec- 
tive device for this purpose that will entail a minimum of 
changes in existing mechanisms or machines. Figs. 13 to 
18 show various pieces of mechanism that are capable of 
adaptation to almost any kind of special machine. 

Practically all high-speed special-purpose machines have 
a number of connecting-rods, link arms, etc., one or two 
of which can be selected for modification. For example, the 
usual solid type connecting-rod can be replaced, as shown 
in Fig. 13, by one made of two parts A and B. Part  B is 
tubular, and is threaded a t  one end with, say, twenty-six 
threads per inch to permit a fine adjustment of the operat- 
ing arm by means of a knurled castellated nut G. 

The other member A is a sliding fit in part B. A compres- 
sion spring, located in part B, exerts pressure on member 
A. Two slots E are cut 180 degrees apart in B, and when 
this member is adjusted to the correct operating center dis- 
tance by nut G, a pronged cotter-pin H is placed across one 
of the slots in the castellated head of nut G. 

If the operating movement of the mechanism fs o b  
strutted, the a rm simply collapses against the pressure of 
the spring until the mechanism has been freed. The amount 
by which the connecting-rod can be telescoped is limited 
by the length of slots E and the length of the prongs on 
cotter-pin H. The compression spring must, of course, exert 
sufficient pressure to operate the drive without yielding 
when the machine is working under normal conditions. 

When the drive to a main camshaft or  to  a separate mech- 
anism requires a safety relief, the one shown in Fig. 1 4  can 
often be used to advantage. On the main driving shaft C 
is a flanged sleeve D which is driven by key E, fastened to 
the main driving shaft. In  the flanged sleeve there is an 
Gshaped slot F in which the projecting ends of the key 
are  a sliding fit. A compression spring tends to force the 
bottom or end of the longitudinal leg of the Eslot  into con- 
tact with the pin or key E. Thus the main driving gear or 
sprocket J is driven by means of pin E and its contact with 
slot F. 

The flange also carries a clutch tooth K which is wedge- 
shaped, and a t  the in shn t  the drive becomes excessive, the 
flange is forced against the spring and causes pin E to make 
contact with the other leg of slot F. The drive will then 
continue with the sleeve in an  inoperative position until the 
obstruction is removed. 

If a relief or aafety device for  a pusher member, slide, 
or folders is required, the simple attachment shown in Fig. 
15 can be satisfactorily employed. The main cam arm should 
be replaced by an  arm which has a slot Q a t  the operating 
end M. A small trigger-like a rm N is  pivoted about pin P. 
At the end of the trigger a rm is a flared portion into which 
a recess is drilled to receive a compression spring. The 
compression spring tends to force the rightrhand end of 
arm N slightly over the boss that carries the pusher, and 
under normal conditions has sufficient strength to transmit 
cam motion. If, however, the pusher strikes an obstruction, 
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s the preasure causes the right-hand end of arm N to move 
upward and allow the arm to ride in  the slot until the ob- 
struction has been removed. 

In  a positive cam-driven mechanism, there is always 
danger of bending an arm and ruining the mechanism. To 
avoid this, the drive can be changed o r  replaced by that 
shown in Fig. 16. In this case, the driven arm R may have 
a connecting-rod S, and the cam arm may have a n  adjust- 
able rod T. To introduce a safety device, one of the ends 
of rod T is threaded and screwed into the cam arm while 
the other end is left plain and inserted in a long bore in 
piece S. The two parts S and T are made of steel and are 
hardened. The bore of part  S should be 1/32 inch larger 
than the diameter of the plain portion of rod T. 

The cam arm and the driven arm a r e  pulled together by 
means of a tension spring having sufficient strength to 
transmit the necessary motion. If, however, the mechanism 
becomes jammed, the spring is stretched and the plain por- 
tion of rod T reciprocates in the bore of piece S until the 
obstruction is cleared and arm R i s  again pulled into its 
operative position. 

The drive for a conveyor o r  stock-feeding mechanism of 
a box-making machine, for example, can be safeguarded 
against breakage by the addition of a slip drive like that 
shown in Fig. 17. A flange U is fastened to the main driving 
gear or  sprocket V, the whole assembly being allowed to 
rotate freely upon the drive-shaft W. 

Flange U carries one o r  more pins X. When the positive 
drive is in operation, one of the pins X engages the drive 
lever Y, which is pivoted on a pin carried by the driving 
boss 2, fastened to the main drive-shaft by a set-screw. The 
driving lever Y is forced into contact with pin X by a ten- 
sion spring, and stops L are filed to permit proper function- 
ing. If the drive is obstructed, the spring yields and the 
main drive-spindle is allowed to revolve freely without 
rotating the driving gear or  sprocket. 
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If the drive is of a lighter nature, such as that for a 
sheet-feeding device or a dating mechanism, a safety ar- 
rangement like that shown in Fig. 18 can be employed. The 
driving gears A can be made a running fit on the drive-shaft 
o r  stud. Each of the side faces of the driving gears comes 
in contact with the friction disks B, which are preferably 
keyed to the shaft in such a manner as to prevent rotation 
and yet allow a sliding motion on the shaft. These gears 
are forced into contact with the side faces by means of a 
compression spring adjusted to exert the required amount 
of pressure for driving the mechanism. Lock-nuts are pro- 
vided, as  shown, for maintaining the required setting. 

CHAPTER 5 

Locking, Clamping and Locating Devices 
Means of positively locking a mechanism, clamping a 

work-piece or part, and locating work in the proper posi- 
tion for some operation to be performed on it, or locating 
a carriage or table in the correct loading position, are 
described in this chapter. In some cases, the locking or 
clamping operation is performed automatically, while in 
others hand operation is required. Similar devices are 
described in Volumes I and I1 of "Ingenious Mechanisms." 

Double Locking Lever Motion.-A lever-and-link motion 
used to operate a slide that must be locked against move- 
ment a t  both ends of its vertical travel is shown diagram- 
matically in Figs. 1 and 2. The linkage automatically pro- 

Clgr 1 and 2. Lever-and-link Motion which Loch  Uldo A ot Eoch End 
of the Verticol Stroko. 
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vides the desired locking feature in both positions. The 
links B are connected to the slide A a t  their lower ends 
and are pivoted a t  their upper ends to the bracket E, 
attached to a stationary part of the machine. The hand- 
lever D, pivoted in the bracket E, passes between the links 
B, and is slotted to permit the pin F to pass through. 

In Fig. 1, slide A is shown a t  its lower position. Links 
B and C have their centers in the same straight line, 
thus producing a dead center condition which locks slide 
A against movement in either direction. I t  will be noted 
that lever D is a t  an angle of approximately 45 degrees 
with links B and C. As the outer end of lever D is raised, 
the angularity of the slot in lever D causes pin F to be 
moved outward, so that links B and C are moved from 
their locked positions. Continued movement of lever D 
causes pin F to slide in its slot, and links B and C to 
swivel on their connecting pin, as  shown by the dotted 
lines, Fig. 1, so that slide A is drawn upward. 

Further movement of lever D causes links C to rotate 
180 degrees on their upper pin, and links B to enter the 
spaces between links C. At  the extreme upper position of 
alide A, as shown in Fig. 2, links B and C, again being 
in alignment, cause slide A to be locked against further 
movement. Thus the arrangement of the links is scch that 
movement of slide A, when a t  its upper and lower posi- 
tions, can be accomplished only through movement of 
lever D. 

Lever Mechanism for Operating a Lacking Pin and 
Clamping Bolts in One Movement.-The mechanism illus- 
trated in Fig. 3 is employed on the swivel type fixture 
shown in Fig. 4 to withdraw a locking pin and release 
two clamping bolts in one movement of the hand-lever. 
The reverse operation of engaging the locking pin and 
tightening the clamping bolts is similarly accomplished 
by a simple return movement of the lever. 

Referring to Figs. 3 and 4, i t  will be noted that hand- 

lever A is located near one corner of the fixture in a 
convenient operating position and at some distance from 
locking pin K and the two clamping bolts B and C which 
it actuates. The clamping bolts act on both ends of the 

Fig. 3. Mechonlnm far Oporatl- o Locklng Pin and Two 
Clampins Bolts In One Movement of o Hand Laver. 

Fig. 4. Swivel-type Fixture Shown Equipwd In Fig. 3 with LeeLlnp Muhonlnm 
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dovetail segment D, as shown in detail a t  the lower right, 
lever A being the clamping medium. 
The purpose of the entire unit is to bind upper portion E 

of the swivel base to the lower portion F. As shown in Fig. 
3, stud GI which passes through the entire unit, is slotted 
and has a roll a t  its lower end. Bar H passes through the 
slot in stud G and rests on the roll. Stud G serves as  a 
pivot on which section E can be swiveled. Swivel section 
E is located on the base by locking pin K which fits the 
slot in plate J attached to member E, while another plate 
a t  L serves to locate the swivel section when it is reversed 
or revolved through an angle of 180 degrees. 

Pinion MI attached to operating lever A, meshes with 
a rack bar N. There are two toggle levers P and Q, lever 
P being pivoted a t  one end on pin R, fixed in base F. The 
other end of this lever is connected to one end of lever 
Q, the outer end of which is connected to bar H by pin 
S. Pin T acts as  a fulcrum for the toggle joint. 

At this fulcrum point, the ends of the levers are yoked 
into a cross-slot in the rack bar, so that, as the rack is 
moved into the position shown in Fig. 3, the toggles force 
bar H into the clamping position. When lever A is in 
the position shown by the dotted lines, the toggles are 
likewise in the positions shown by dotted lines, which 
results in withdrawing the clamping bar from plate J 
and unlocking dovetail clamp D, a t  which time two levers 
(shown a t  V and W )  assume the positions shown by the 
dotted lines. 

Levers V and W engage a slot in the lower side of bar 
H and pivot on pins Y and Z. These levers also have 
yoke connections with the two clamping bolts B and C, so 
that a solid metal-to-metal contact is provided. In effect, 
this forms a quick-operating, toggle-action mechanism by 
means of which the simple action of moving lever A is 
all that is necessary to unlock and unclamp upper mem- 
ber E. 

LOCKING, CLAMPING AND LOCATING DEVICES 
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Positive Lock for a Rack and Pinion Motion.-The 
mechanism shown in Fig. 5 is used on a fixture for operat- 
ing  the work-holding clamp. The shape of the work made 
it necessary to have the clamping foot enter a recess. For 
this purpose, the clamping foot was required to have a 
long stroke and be provided with a positive locking device. 
Side views of the mechanism employed are shown a t  the 
left  and right of Fig. 5, while an end view is shown in 
the  center of Fig. 5. Slide A, which carries the clamping 
foot (not shown), is dovetailed to a sliding fit in the 
stationary part B of the fixture. 

Slide A is cut out to form a rectangular hole a t  one 
end. The upper edge of the hole has machined rack teeth 
which mesh with the teeth of pinion D; the pinion clears 
the  lower edge of the hole, as shown. Pinion D is fixed 
on shaft C, which rotates in part B. Shaft C is so located 
tha t  pinion D meshes loosely with the rack in slide A, 
80 that there is a small amount of backlash. The reason 
f o r  this backlash will be explained later. 

Shaft C also carries bar E, which is shaped on its outer 
end to form a cam. Crank-handle F, which is fixed to 
shaft  C, is used to operate slide A through pinion D. 
Slide A carries block G which supports roller H in align- 
ment with cam bar E; the cam bar is revolved about shaft 
C with crank F. 

The work is loaded into the fixture with handle F in the 
position shown in side view a t  the left of Fig. 5, slide 
A then being a t  its extreme left-hand position. When 
handle F is turned in a clockwise direction, pinion D, 
acting on the rack in slide A, causes the slide to move 
to the right. As slide A resists the effort of pinion D to 
move it, the backlash between pinion D and the rack in 
slide A ie taken up in one direction, as shown enlarged 
at the left of Fig. 5. 

In  the side view at the right of Fig. 5, slide A is shown 
in ita extreme right-hand position, a t  which point the 

work has been clamped firmly in position. It will be noted 
that, in this position, cam bar E has been rotated in a 
clockwise direction to make contact with roller H. Up 
to this point, the movement of slide A has been accom- 
plished by the action of pinion D on the rack. Slide A 
now receives its motion from cam ba r  E through roller 
H and block G. As the rise of the cam surface on the 
end of bar E is very gradual, the effect is to produce a 
more pcwerful clamping action than would be obtained 
through pinion D. 

In the position 'shown in the side view a t  the right of 
Fig. 5, cam bar E has pushed slide A slightly ahead of 
the position i t  would occupy if driven by pinion D a t  this 
point, so that the backlash between the gear teeth is 
taken up in the opposite direction from that shown in 
the side view a t  the left of Fig. 6. This condition is 
shown by the enlarged view a t  the r ight  of Fig. 6. In 
this position, the back pressure on slide A cannot cause 
a reverse rotation of pinion D, a s  the teeth in the rack 
in slide A cannot make contact with the teeth of pinion 
D on the side that would cause reverse rotation. Slide 
A is locked firmly against the work by the wedging action 
of cam bar E between roller H and shaft  C. This design 
provides a long quick travel of the locking slide, with 
positive locking, in a compact space. 

Vise Operated by a Rack and Pinion with Locking 
Motion.-A rack and pinion that locks when i t  encounters 
resistance to motion, but that is f ree to operate when 
the resistance is removed or  when ita motion is reversed, 
can be used in a variety of shop mechanisms. For example, 
it can be applied on a vise, as  shown in the accompany- 
ing illustrations, when a rapid change of opening is desir- 
able and positive locking in any position is necessary. 

As shown in the plan and front elevation views of the 
vise, Fig. 6, part  A is grooved to carry rack B, to which 
the movable jaw C is attached. Pinion D fits in a recess 
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in block E, and is keyed to shaft F, as is handle G. Block 
E is free to  slide in a recess in the base; this recess and 
the contacting edge of the block are machined a t  an 

Fig. 6. Vise Equipped with o Rock and Plnlon thot Is h l g n o d  t o  Permit 
Ropid Clomping ond Poritive Locklng In Any Position 

Flg. 7. When Jaw C Comes In  Contact wkh the W w l  Rohtlon of k.m Q W-m 
Block E Between the Rock ond the Woll of tha R u m ,  Thus LaWw tha Work In Place. 

angle to the pitch line of the rack. Spring H, which is 
in compression, exerts pressure against the block and 
holds i t  against the right-hand wall of the recess with a 
force sufficient to  overcome the frictional resistance of 
the rack to movement. Plate J, shown in the front eleva- 
tion view, serves as a retainer for the assembly. 

In  operation, as  handle G is turned in the direction of 
the arrow, the rotation of the pinion causes the rack to 
move to the right. This movement continues until jaw C 
comes in contact with the work-piece W, when further 
movement is prevented. Continued turning of the handle 
causes block E to be moved to the left, as  shown in Fig. 
7, by the force exerted by the pinion. Owing to the wedg- 
ing action of the block, the rack is firmly locked against 
any reverse movement. However, when handle G is turned 
in a counter-clockwise direction, the block returns to  its 
original position and the rack is freed for releasing the 
work. 

A Non-Reversible Rack and Pinion Motion.-A rack 
and pinion motion is ordinarily reversible, so that rota- 
tion of the pinion will cause straight-line movement of the 
rack, and power applied to the rack will produce rotation 
of the pinion. In the assembly illustrated, movement of 
the rack can be obtained only by rotation of the pinion, 
and the mechanism is locked to prevent movement of the 
rack against the pinion. 

Referring to Fig. 8, the bearing A supports shaft B, 
which carfies the hand-crank C, pinned to the shaft, and 
pinion D, which is free to rotate. Collar E is also pinned 
to the shaft and serves to retain pinion D. Bearing A 
is counterbored to receive the closely wound spring F. 
The two ends of the spring are turned in, as  shown in 
Fig. 9, which illustrates the counterbored end of bear- 
ing A. The clearances are exaggerated in the illustration 
for the sake of clarity. 

Spring F is made to a diameter which requires that  it 
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be pressed into the counterbore of bearing A, so that a 
certain amount of frictional resistance to movement will 
be applied. Part G is a disk, keyed to ahaft B, from 
which a segment-shaped section has been removed. The 

Fl#. 8. A Rock-and-pinion Motion AssomUy I n  which Mowment d tho R w k  
con ba Obtolnod Only by Rototlng tho Plnbon. 

N. 9. (Wt) VIw of Count.rborod End of k d n g  A tndlcothg R o M b n  of tL. 
finlea In the Dlroetion Shown by Anow whlch TrommHs Motlon to tho Rock. (Rlgh*) 
n- ot -ad ~ n d  of ~ooring' A i t l ~ r o t ~ n g  oporot~on ot ~ ~ 1 4  ~rt ion 

whlch Pnvonh Movomont of tho Rock. 

shape of disk G is shown clearly in Fig. 9. Pinion D has 
on its inner side a segment-shaped projection J, which 
enters the counterbore between the ends of spring F and 
the segment-shaped section which has been removed from 
disk G .  

The two diagrams in Fig. 9 illustrate the operating 
principle. In the left-hand diagram, shaft B is being 
rotated by the hand-crank in the direction indicated by 
the arrow. As disk G is keyed to shaft  B, i t  rotates with 
the shaft, one side of the cut-away section contacting one 
end of spring F. Since spring F is a tight fit in the 
counterbore of bearing A, the end of the spring at first 
offers resistance to further turning of disk G, but con- 
tinued turning effort applied to the crank C and trans- 
mitted through disk G to the end of the spring, causes 
the latter to  be wound tighter, thus slightly reducing the 
diameter of the spring. When this occurs, spring F is 
free to turn with disk G .  

As projection J on pinion D is in contact with the 
end of spring F, and as pinion D is free to rotate on shaft 
B, pinion D is likewise carried around with disk G, the 
motion thereby being transmitted to rack H. When crank 
C is turned in the opposite direction, a similar effect is 
produced. Motion may, therefore, be transmitted to rack 
H by turiing crank C in either direction. 

The locking action operates as  follows: If force is 
applied to rack H to rotate pinion D in  the direction indi- 
cated by the arrow in the right-hand diagram of Fig. 9, 
the turning effort of the pinion will be applied to the 
end of spring F through projection J in the reverse direc- 
tion to that shown in the left-hand diagram of Fig. 9. 
This causes spring F to unwind, thus increasing the diam- 
eter of the spring, so that the pressure against the walls 
of the counterbore in bearing A is increased. This pres- 
sure becomes greater a s  the force applied to the rack is 
increased, preventing movement of H in either direction. 
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I n  both diagrams of Fig. 9, the space between the end 
of spring F and the  cut-away portion of disk G is greatly 
exaggerated. I t  i s  only necessary to provide sufficient 
clearance to  permit a slight movement of the ends of the 
spring. The required clearance can be determined by trial. 

Rack-and-Pinion Mechanism with Self-Locking Non- 
Reversing Feature.-In the operation of a wire-forming 
machine, i t  is frequently necessary to change the adjust- 
ment of a guide manually. The adjustment must be made 
quickly and must be maintained without any additional 
manual locking operation. The rack-and-pinion mechanism 
shown in Fig. 10 was designed to provide the required 

Fig. 10. (Wt) End end Plan VImn of Rack-ond-oinlon MIchonhrn with Sdf-locidng 
Faoture; (Right) Side View of Muhanlsm. 

speed and ease of adjustment with the  necessary locking 
feature. With this arrangement, t h e  wire guide can be 
adjusted in either direction by tu rn ing  handle S in a 
clockwise or  a counter-clockwise direction. The mechanism 
is automatically locked in position. 

Referring t o  the plan and end views of the  arrangement 
shown at the left of Fig. 10, rack A is attached to slide 
R, which carries the wire guide t h a t  is t o  be adjusted. 
Stud D, locked on a stationary par t  of the machine, carries 
pinion C which meshes with rack A. Pinion C has grooves 
in the bore a t  two points, in which rollers G, blocks H, 
and springs I are  assembled. The grooves in pinion C 
are cut deeper toward one end, so t h a t  rollers G will be 
free a t  the  deeper end but will wedge tightly toward the 
center a t  the shallow end, forming the  conventional type 
of free-wheeling clutch which permits f ree  movement in 
one direction and locks or transmits motion in the other. 

Blocks H a r e  backed up by springs I, which tend to  
force rollers G toward the  shallow end of the grooves, 
thus insuring a positive wedging action. I t  will be noted 
that the wedging action in the two grooves takes place 
when the driving member is rotated in opposite directions, 
so that  gear C is normally locked against  rotation in either 
direction. 

Lever E, wllich is free to swina on stud D above gear 
C, carries two pins F which project into the grooves in 
gear C behind rollers G. A slight clearance is provided 
between pins F and rollers G, so tha t  lever E will have 
a small amount of free movement. When lever E is moved 
in the direction indicated by the  arrow, pin F on the 
left comes in contact with roller 6 ,  moving i t  toward the 
deeper section of the proove in gear  C and thus eliminat- 
ing the wedging cction on that  side. As the wedging 
action on the opposite side takes place in the opposite 
direction only, gear C is now free  t o  rotate with lever E, 
causing rack A ant1 slide R t o  he mnved in the direction 
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shown by the arrow. When lever E is rotated in the 
opposite direction to that indicated in Fig. 10, the pin 
F on the right-hand side comes in contact with roller G, 
eliminating wedging action on that side and freeing gear 
C to rotate with lever E. 

When lever E is released, the wedging action of both 
rollers G again becomes effective in locking pinion C 
against rotation in either direction. As very little move- 
ment of rollers G is required for effective locking, rack A is 
locked against movement in either direction with almost 
imperceptible backlash, except when lever E is moved. 

Locking and Releasing Mechanism for Traveling Car- 
risge.-The stitching mechanism of a machine used for 
stitching r wire through a fabric must be firmly locked in 
position during the stitching operation, but must be imme- 
diately freed for resetting when the operation is completed. 
These requirements were effectively met in a simple man- 
ner by the mechanism shown in the accompanying illus- 
trations. In Fig. 11 are rudimentary views of the machine 
with the stitching mechanism omitted to show the driv- 
ing mechanism, which automatically locks and releases 
the stitching mechanism in its various positions. 

The stitching mechanism is supported on carriage A, 
which rolls freely on two rails B, and is operated by gear 
H, which is also mounted on carriage A. Gear H is rotated 
by square shaft G, supported by bearings C. The motive 
power is furnished by belt F, operating on pulley D, 
which is keyed to shaft G. Loose pulley E is provided for 
disconnecting the power. Plate J, attached to bearing C 
a t  the right-hand end of the machine, is used for operating 
the disconnecting mechanism, to be described later. 

In Fig. 11, belt F is shown on the loose pulley E. With 
the belt in this position, no power is applied to shaft G, 
and carriage A is free to be moved longitudinally to any 
position in its range of travel. Square shaft G passes 
through a square hole in year H, to which it transmits 

motion. The hole in gear H is somewhat larger than shaft 
G. During idle period of the stitching head, shaft G is 
located symmetrically within the square hole in gear H, as 
shown a t  upper left, Fig. 12, clearance space permitting free 
longitudinal movement of carriage A, Fig. 11. 

When belt F is shifted to  the tight pulley D, causing 
shaft G to rotate, the latter carries gear H with it, the 

fie. 11. (Top) Plan Vlw of Wtm-stlkhing Mochlne Fmme and Cofdoge; 
(Bottom) Fmnt View of th. Mochlna. 

corners of shaft  G acting as  driving members in the man- 
ner shown at the upper right of Fig. 12. The frictional 
resistance to  rotation of the stitching head produces a 
sufficiently powerful wedging action of shaft G in the 
square hole in gear H to lock carriage A firmly against 
longitudinal movement. This condition exists as long as  
shaft G continues to rotate. 

The mechanism that disengages carriage A from shaft 
G to permit longitudinal movement is shown in Fig. 12. 
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This illustration shows driving pulley D as viewed from 
the side next to the machine. The internal hub of pulley 
D carries lever I ,  which is clamped to it with sufficient ten- 
sion to support its own weight, so that the lever and 
the pulley tend to rotate as a unit. However, the tension 
is light enough to be easily overcome by the driving power 
exerted by belt F on pulley D. 

The split bore in lever I is lined with leather to pre- 
vent scoring the hub of pulley D. Plate J ,  the position of 
which is indicated by dotted lines in this view, is fastened 
rigidly to bearing C, shown in the lower or front view 
in Fig. 11. The mter  end of lever I carries pin K which 
passes through a slot in plate J. 

Clo. 12 (Top) Dbromr  Showing Shaft d In Uldackod o d  C#W 
P&om In O.or H; (Bottom) Muhanhm hr U n l o e W y  $b.tt Q 

Xr. operation, belt F causes pulley D to rotate in the 
direction indicated by the arrow. The friction of lever 
I on the hub of pulley D tends to rotate the lever; but as 
pin K comes in contact with the upper end of the slot in 
plate J, further rotation of lever I is prevented, as shown 
in Fig. 12, this position of lever I being maintained through- 
out the stitching operation, or  as  long as pulley D rotates. 

When belt F is shifted to loose pulley E, Fig. 11, the 
unbalanced weight of lever I causes pulley D to reverse 
its direction of rotation until pin K comes in contact with 
the lower end of the slot in plate J, a t  which time shaft 
G has again returned to its unlocked position in gear H, 
as shown a t  the upper left of Fig. 12. In this manner, 
carriage A is automatically freed for repositioning a t  any 
point of its cycle. 

Mechanism for Operating a Floating Jaw Vise.-Fig. 13 
shows a vise used on a routing machine for holding a wood 
block A while a cavity is being routed out, as indicated 
by the dot-and-dash lines a t  B. The jaws C and D of this 
vise are operated by a mechanism tha t  permits them to 
float to suit the work, locking firmly when the work is 
finally gripped. The work A is located on two pins E 
which enter two previously drilled holes. The jaws C and 
D prevent the wood from bulging under the pressure of 
the cut where i t  closely approaches the sides of the piece. 

As the routing must be accurately positioned relative 
to the holes and as the width of the work varies consid- 
erably, it is necessary that the jaws C and D have a float- 
ing action. That is, the jaws must gr ip the work in the 
position in which i t  is located by the pins E before they 
are clamped to the fixture bed F. The jaws C and D are 
slidably mounted on base F to provide the required float- 
ing action. The base F is slotted to receive keys machined 
on the under side of the jaws. Retaining plates G and 
H are screwed to  the under side of the keys to hold the 
alidable jaws in place. The blocks I and 3, located in 
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slots in the jaws, swivel on pins a t  their upper end, and 
are held at the back of the slots by means of springs K. 
Blocks I and J carry a t  their lower ends the swivel-pins 
L and M, which are threaded to fit the right- and left- 
hand threads on the rod P. Rod P is equipped with a 
handwheel W which is turned clockwise for clamping the 
work. The blocks I and J are T-shaped, being wider a t  
the bottom, as  shown in the end view to the right. The 
lower ends of blocks I and J are therefore wider than the 
slot in base F. 

CIg 13. M ~ h o n h m  that Cousrr Floattw Jaws C and b to Clip Wwk A a d  tlmn Wp  t 
through the Clamping Action of Blocks I ond J. 

The two lower views in Fig. 13 show the vise in the 
open position, with work A located on pins E. In this 
position, the jaws and their blocks I and J are bound 
together by rod P and slide together a s  one unit on base 
F. When handwheel W is turned clockwise, the action of 
the right- and left-hand threads on rod P will throw 
swivel-blocks I and J toward each other. As pins L and 
M are prevented from swiveling by the ~esistance of springs 
K, jaws C and D are also thrown together. 

When either jaw comes in contact with the work, its 
movement ceases, and the action of the  screw is trans- 
mitted to the other jaw until they a r e  both in contact 
with the work. Further turning of the handwheel causes 
blocks I and J to swivel on their upper pins, compressing 
the springs, so that  a t  this point, work A is held by spring 
pressure. Continued turning of handwheel W causes blocks 
I and J to  swivel still further until the enlarged or  T- 
sections a t  their lower ends come in contact with the 
under side of base F, as indicated a t  S in the upper view, 
thus locking jaws C and D firmly in position. 

Mechanism for Clamping and Releasing a Spn'ng- 
Actuated Tailstock Center.- A mechanism designed for 
releasing a spring-actuated center and fo r  clamping the 
center in the work-holding position is shown in Fig. 14. 
The fixture on which this mechanism is  used is designed 
for holding the thin wooden part  G, on which a routing 
operation is performed. The pointed ends of the work 
are supported on centers, the rear center being located 
in the block H. Although there is slight variation in the 
length of the wooden pieces, they must be held firmly 
in position, but without sufficient pressure to distort them. 

Referring to the view to  the left in  Fig. 14, the rack 
A meshes with the gear B which turns freely on the flanged 
bushing D, mounted on stud C. The bushing D is slidably 
keyed in the bearing member J which supports the assem- 
bly. Stud C is  threaded into the collar F which is fastened 
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to bearing J. Handle E is pinned to stud C and serve9 
to advance it into the threaded collar F. The work G is 
supported by the block H a t  the end of rack A. The oppo- 
site end of the work is similarly supported by a stationary 
block. A spring L furnishes the required pressure to sup- 
port the work. 

To place a piece of work between centers, the handle 
E is turned to the left into contact with the pin K in 
gear B, so that the gear turns with the handle. Then 
movement of gear B moves rack A to the right. Next, the 

Fig. 14. Mechanism for Clamping and Releasing Tallstack Center. 

work is located between the centers and handle E turned 
to the right, as indicated by the arrow. This permits the 
pressure of spring L, acting on rack A, to support the 
work with the maximum permissible pressure. Although 
this pressure will support the work, it is not sufficient to 
resist the pressure of the cut and some method of posi- 
tively locking rack A is necessary. 

Continued movement of handle E in the direction indi- 
cated by the arrow causes stud C to be screwed deeper 
into collar F, so that the hub of handle E, acting on the 

flange of bushing Dl locks gear B against the end of bear- 
ing J. As gear B now is locked, rack A is prevented from 
moving. Thus the support H holds the work G in position 
under the pressure exerted by the cutting tool. As bush- 
ing D is restrained from rotating by the key M, the rotary 
movement of handle E is not transmitted to bushing D, 
and the endwise pressure applied to the work when i t  is 
placed between centers consists only of that exerted on 
rack A by spring L. 

Mechanism for Adiusting Arc-Shaped Levers around 
Rotating Cylinders.-The mechanism shown in Fig. 15 
is designed to enable the arc-shaped members B of levers 
A to be closed around the rotating work X in such a man- 
ner as to smooth out a covering material placed on the 
cylindrical surface. 

Fig. IS. Mechanism for Clorlnp Are-shaped Members B around 
Rotating Cylinder X. 
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The three smoothing levers A have their extensions B 
pivoted about pins C as  centers, and thereby operate on 
the work to smooth out the covering material. The levers 
are shown a t  their outer positions, the dotted lines a t  D 
indicating the contracted position which would be assumed 
if work X were not in position. The levers are  brought 
together under spring tension in the following manner: 
Each of the three levers A has its outer end located in 
a socket in a revolvable flange E having an extension arm 
F. Through the medium of the connecting-rod G, the 
flange is rotated in the direction indicated by arrow H 
to close the jaws. At the pulling end of the connecting- 
rod there is a tension spring, not shown. Thus when the 
smoothing fingers come in contact with the work, which 
revolves in the direction indicated by arrow 2, pressure 
is applied under spring tension to the levers B. 

Milling Machine Spindle Brake and Circuit-Breaker 
Mechanism.-The purpose of the mechanism shown in Fig. 
16 is to  provide a means for locking the spindle of a 
milling machine positively when changing the milling cut- 
ter, in order to insure safer operation. When the machine 
is running, the milling spindle A is rotated by means 
of disk B. Disk B is provided with six holes C for the 
locking pin D which serves to prevent rotation of the 
spindle when it is raised to engage one of the holes in 
the disk. Pin D is actuated by means of lever E and the 
operating lever F which has a handle G. 

A spring H presses pin D against disk B, so that i t  
automatically engages one of the indexing holes, as shown 
in the middle view of Fig. 16. The braking lever I haa 
the same center as lever F, but is independently Axed on 
a hollow shaft which terminates in a bevel gear K, shown 
in the lower view of Fig. 16. Thia gear meshes with 
another bevel gear Z on shaft M. The latter gear is con- 
nected with a crank disk N. Between the rotating pin 
U and another fixed link is attached a brake-band which 
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I 1 

I I 
Fle. 16. Mllllnp Machlnm Splndlm Bmkm. (Top) 0 mtlng and BmUng Lmu Q and I 
DIsmngoeod to Allow Splndie to Rotato; ( ~ e n t m r y ~ . v . n  Posltlanmd to Lock iplndl. 

against Rotation; (Bottom) Top V i e r  of Mechanism and Side Wmw of Bloke. 
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acts upon the brakedisk 0. The brake-band can be adjusted 
by means of a screw P. On the free end of the braking 
lever is a formed cam Q which actuates the limit switch 
of the electric motor by means of a roller R. A pin T 
on lever I and a projection on lever F provide the neces- 
sary interconnection. 

When the machine is running, both levers are dis- 
engaged, as illustrated in upper view of Fig. 16. When 
brake-lever 1 is moved downward, roller R is pushed back- 
ward by the action of cam Q so that the current supply 
is interrupted. When lever I is moved downward further, 
the brake-band is applied, the index lever F remaining 
in its first position. However, with lever I in this posi- 
tion, i t  is possible to actuate lever F. Lever F can now 
be brought into such a position that the nose S comes 
into contact with pin T. The various members of the 
mechanism now occupy the relative positions shown in 
the middle view of Fig. 16, the spindle A being locked 
to prevent rotation by pin D entering hole C of the disk B. 

If the brake-lever band is released by operating lever 
I, lever F is also returned to its first position by means 
of pin T. A further lifting movement brings lever I 
into an almost horizontal position, switching on the current. 
A false or  unintentional movement of the levers is made 
impossible by having the length of lever F so short that 
it is first necessary to move lever I. 

Automatic Work- Locating Mechanism for Milling 
Machine.-A large number of pieces similar to the one 
shown a t  the left of Fig. 17 are end-milled as  indicated 
a t  M after the groove N is milled. The operation is per- 
formed on a vertical hand miller by setting the cutter 
to the proper depth and sliding the work into a clamping 
fixture, the central groove permitting the end-mill to enter, 
as indicated a t  the right of Fig. 17. The work-table ia 
then moved to the right and left for cutting, and returned 
to the central position for  removing the work. 

As the central groove is but slightly wider than the 
diameter of the end-mill, i t  is necessary to stop the table 
in the position for loading and unloading with a fair 
degree of accuracy. Fig. 18 shows the construction of an 
attachment that locks the table positively in the loading 
position and permits the required travel for cutting. 

Referring to Fig. 18, top view, the bar C is fastened 
to the machine table B, and carries the sliding block D, 
which is drawn to the left by the spring S. Bar C is 
notched in the center, as  shown more clearly in the middle 
view of Fig. 18. Block G is fastened to the knee of the 

Fls. 17. Automotlc Work-locotlnp Muhoninm. (kf t )  Work In End-mllld 
or Indicated ot M; (Rlpht) Mllllng Machine wlth Flxtun and Loeatlng 

Attochmont. 

machine and carries the sliding key E, which is actuated 
by the lever F. The block D is reduced in width a t  the 
left-hand end. The travel of the table B is limited by 
the usual stops, not shown. 

Referring to  Fig. 18, middle view, which i s  the start- 
ing point of the cycle, the table B is  locked by the key E 
being located in the notch in bar C. After the work fixture 
has been loaded, the lever F is depressed, withdrawing 
key E from the notch in bar C and permitting block D 
to be drawn to the left by the spring. When the lever F ia 
released, key E comes to rest on the step on the end of block 
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D, as shown in Fig. 18, top view. The table B is then moved 
to the left, the block D being restrained from movement by 
key E. 

When the travel to the left has been completed, and 
the table B is moved to the right, block D is permitted 

Fig. 18. (Top) Work Locating Attachment with Block D Dram to Ldt 
by Spring 5; (Center) Locating Attachment ot Starting Point of CIJej 

(Bottom) Bottom View of Attochment. 

to slide toward its original position until the end of the 
slot comes in contact with the stud H. Continued move- 
ment of table B causes block D to be withdrawn from 
the end of key E, which then slides onto the solid portion 
of the bar  C, the key E having been carried over and to 

the right of the notch by the block D. When table B 
reaches the end of its right-hand travel, i t  is returned to 
its central position, the key E resting against the end 
of block D and sliding on bar C until it reaches the notch 
in bar C. Key E then enters the notch in  bar  C, again 
locking the table in the loading position. 

Work-Locating Mechanism for Milling Machine.-The 
mechanism shown in Fig. 19 is designed to accomplish the 
same purpose a s  that just described. I t  is very accurate, 
can be operated rapidly, and has a wider range of adjust- 
ment. Machine tables B that do not have bolt slots in  the 
front face can be fitted with a slotted plate C to which 
stops D are  clamped by bolts F. Plate C is held in place 
on the table by two machine screws. It will be noted 
that a shallow double-angle or beveled slot J is machined 
in the center of plate C. This slot is engaged by the 
point of latch G through pressure exerted by spring I. 
This arrangement stops o r  locates the table in the correct 
position for  loading and unloading the work without inter- 

n9.  19. Mllllng Machine Equipped with Mechanism for h a t i n g  Tab10 
In  Correct Position for Loading. 
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ference of the cutter R with the sides of the slot ir, which 
the cavities are to be milled. 

After the work is clamped in the fixture, cavities M 
and N are machined by the end milling cutter R. The 
pressure exerted by spring I is light enough to enable 
the machine or hand feed to disengage latch J. The 
machine feed can be used to within 1/32 inch of the 
final stops, after which the table is fed by hand until 
the points of set-screws E come in contact with latch 
casing H on the base A. 

CHAPTER 6 

Reversing Mechanisms of Special Design 
Described in this chapter are  various arrangements for 

obtaining reversal of motion. These include mechanisms 
for reversing a chain driven table; fo r  providing a dwell 
at  each reversal ; for reversing a carriage traversing screw ; 
for automatic stroke reversing in a variable speed travers- 
ing motion mechanism; for reversing a cable winding 
machine; for reversing a cross-head feed screw a t  any pre- 
determined point; for varying the point of reversal; and 
a positive type of clutg . that releases readily under heavy 
load. Other reversing mechanisms are  described in  Chapter 
6 of Volume I and Chapter 7 of Volume I1 of "Ingenious 
Mechanisms." 

Reversing Mechanism far Chain-Driven Table.-The 
~ccompanying diagrams illustrate the operation of a table 
reversing mechanism designed for  use on a wire fabricat- 
ing machine in which the table is driven by a roller chain. 
As shown in Figs. 1 and 3, the table is reversed or recip 
rocated by alternately disengaging and engaging toothed 
dogs M and N with the upper and lower portions of the 
driving chain at opposite sides of the sprockets. The 
mechanism, while not applicable t o  very heavy drives, 
possesses the advantages of simplicity and the ability to 
function when long table traversing movements are  neces- 
sary. A front elevation of the machine and an end view 
on section XX are  shown diagrammatically in Fig. 1. The 
table A is reciprocated by the chain B, its length of travel 
being controlled by the positiona of the adjustable dogs 
C and D. 
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Referring to Figs. 2, 3, and 4, the vertical slide E 
is carried between two blocks F and G, which a re  attached 
to a supporting member H, Fig. 1. Blocks F and G are 
grooved to carry the horizontal slide built up of the plates 
I and J, which are spaced to accommodate springs U and 
V, as  well as the levers Q and R. Plates I and J are 
held together by rivets. The plates K and L retain the 
horizontal slide in the blocks F and G. 

Fig. 1. Table Is Roelprocatd by AAltomat*ly Engoglng Toothd Dogs with Uppw ond Loww 
Portions of Drlvlns Choin 

Vertical slide E is grooved to permit the horizontal slide 
to  pass freely through it, and carries a t  its upper and 
lower ends the toothed dogs M and N, which are  shaped 
like the teeth of a standard roller-chain sprocket. These 
toothed sections are alternately inserted between the rollers 
of the chain, and serve to transmit the movement of the 
chain to the table A. The chain B is supported by the 
guide blocks 0 and P, which are attached to the supporting 
member H, Fig. 1, and therefore travel with the table 
A. The levers Q and R are supported freely on pins 
between plates I and J of the horizontal slide, and are 

normally held in contact with the pins S and T by the 
springs U and V. The pin W, carried by the horizontal 
slide, serves to operate the mechanism when i t  comes in 
contact with the adjustable dogs C and D, Fig. 1. It will 
be noted, by referring to Fig. 3, that lever Q projects 
out of the horizontal slide into the widened groove in the 
vertical slide E, while lever R projects into the recess 
formed in block G. 

Fig. 3 shows the mechanism in the normal dr iv~ng posi- 
tion, the teeth of dog N being engaged between the rollers 
of chain B, which is supported a t  that point by the guide 
P. Dog N cannot'be disengaged from chain B, as  the 

Figs. 2, 3, ond 4. T h m  V l m  of Tablo M.chanlsm In N o m o l  Drlring Padtion with Tooth of 
Dog N Engoglw Lowor Portlan of Rollmr Chaln 
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position of lever Q prevents slide E from moving in its 
groove. As that side of chain B into which the teeth of 
the dog N are engaged is moving in the direction indi- 
cated by the arrow, table A is caused to travel with it 
to the right until pin W makes contact with the fixed dog 
C. This restrains the horizontal slide from further move- 
ment with the assembly. 

Fig. I. Table Revelng Mechanism that Serve8 to Ralra Slides E to P d l a n  
Shown by Dotted Llnu. 

Continued movement of table A causes lever R to be 
turned on its pivot pin and enter the groove in slide E, 
as  shown in Fig. 5. In this view, plates K, L, and J 
have been removed and the positions of pin W and dog 
C are shown by dotted lines. Lever R is shown held 
against the upper edge of the groove in slide E by the 
increased tension of spring V produced by the swinging 
movement of lever R. However, no movement of slide E 
takes place, as it is still locked in place by lever Q. 

Further movement of the table cause8 lever Q to pass 
beyond the lower edge of the groove in slide E, at which 
time the tension of spring V, acting against the upper 
edge of the groove in slide E through the lever R, causes 
slide E to be raised quickly to the position shown by the 
dotted lines. The teeth of dog M entering between the 
rollers of the upper length of chain B carry the table 
in the opposite direction, o r  t o  the left. 

Table A continues its movement to the left until pin 
U' comes in contact with dog D, locked in position on the 
bar Y, Fig. 1. At this time, lever Q acts on slide E, again 
bringing about the en~agement  of dog N with the lower 
part of chain B. This causes table A to move to the 
right again. 

Reversing Mechanism that Provides for Dwell at Each 
Reversal.-The mechanism shown in Fig. 6 is used to trans- 
mit motion from shaft  A to shaft  I in such a manner that  
when the direction of motion is reversed, there will be 
a definite, specified lag o r  dwell in the transmission of 
the motion to  shaf t  I, regardless of the point in the cycle 
a t  which the reversal takes place. This mechanism is used 
on a machine for  fabricating a wire product. 

Referring to  the illustration, shaft A,  which carries 
pinion B keyed to it, rotates in the direction indicated by 
the arrow, transmitting motion in the reverse direction 
to gear C, which rotates freely on the hub of the machine 
member. Gear C carries the pin D, which comes in con- 
tact with the extended a r m  of the sector E, the latter 
member likewise rotating freely on the hub of the machine 
member. Lever G, which also rotates freely on the same 
hub, carries the pin F ,  one end of which enters the slot 
in sector E. The opposite end of pin F is extended so a s  to 
make contact with the lever H, which is keyed to the driven 
shaft I. 

In operation, gear C, rotating in the direction indicated 
by the arrow, transmits motion to sector E through pin 
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D. Sector E, in turn, transmits motion to levers G and 
H through pin F. Lever H transmits motion to shaft I. 
On the reversal of the motion, and in practically one 
complete revolution of gear C, the pin D will come in con- 
tact with the opposite side of the extended arm of the 
sector E, causing the latter to rotate with gear C in a 
counter-clockwise direction. 

When the end of the slot in sector E comes in contact 
with pin F, the lever G is likewise caused to rotate with 
gear C. On the completion of the second revolution of 
gear C, pin F is in contact with the opposite side of lever 
H, the position of the parts a t  this point being as  shown 
by dotted lines in the illustration. At this point, the shaft 
I begins to rotate in unison with gear C. 

etg. 6. door D d w  MechonI~m tho) Pmvidr Dwell for D d w n  ShoH I a t  Eoch 
Reversal of Drlvlng Shaft A. 

I t  will be noted that in order to change the position 
of pin F from one side of lever H to the other, two com- 
plete revolutions of gear C a re  required, shaft I remain- 
ing stationary during the cycle. As the ends of the slot 
in sector E control the exact time a t  which shaft I begins 
to rotate, slight changes in timing can be accomplished 
to suit different applications by varying the length of 
this slot. 

Reversing Rotating Motion Mechanism for Carriage 
Traversing Screw.-A simple reversinjr-motion mechanism 
constructed to  operate a carriage traversing screw on a 
wire fabricating machine is shown diagrammatically in 
Figs. 7 and 8. This mechanism is  so designed that there 
is no lag a t  the end of the traverse motion. A single-thread 
traversing screw is used, and there a r e  no springs, sliding 
keys, o r  Rears. Only moderate speeds are possible, how- 
ever, due to the momentum developed a t  high speeds. 

On the drive-shaft A, Fig. 7, are  mounted the mutilated 
gears B and C, rotating in the direction indicated by the 
arrow. The double pillow block F carries the driven shaft 
H and the idler shaft G. Shaft H supports the gear El 
which meshes with the Rear B over one-half of its face 
and over the other half of its face with gear D. Gear 
D, on shaft G, has one-half of i t s  face in mesh with gear 
E and the other half of i ts face in mesh with gear C. 

Gears B and C each have a few more than half their 
teeth removed, and are keyed to shaft  A with their toothed 
portions in diametrically opposite positions. The length 
of the gap between the two portions of gears B and C 
Is governed by the center-to-center distance between shafts 
G and H, and must be such that the leading tooth of one 
gear comes in contact with i t s  mating gear just as the 
trailing tooth of the other gear terminates its contact. 

Referring to Fig. 7, gear B, rotating in the direction 
indicated by the arrow, meshes with gear E, causing it 
and the driven shaft  H to rotate in the opposite direction, 
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as indicated by the arrow. At this point, the toothless 
portion of gear C is passing under gear D, and there is 
no connection between the two, but a s  gear D meshes 
with gear E, which, a t  this point, is being driven by gear 
B, gear D is caused to rotate in the direction indicated 
by the arrow. In rotating in this direction, however, no 
useful work is performed, the gear simply acting as an 
idler. Thus, the motion of shaft A is transmitted in the 
opposite direction to shaft H through gear E, while gear 
D and shaft G idle, or rotate without transmitting any 
motion. 

Referring to Fig. 8, shaft A is shown in the position 
it occupies after one-half revolution, which brings the 
teeth of gear C into mesh with gear D. Gear E, meshing 
with gear D, is rotated in the dirrxtion shown by the arrow 
and, being keyed to shaft H, serves to drixe the latter 
member. At this point, the toothless portion of gear B 
is passing under gear E, there being no connection between 
these two members. Thus the rotation of shaft A is trans- 
mitted in the same direction to shaft H through gears D 
and E. The end teeth of gears B and C are modified in 
shape as required to provide the clearance necessary for  
practically instantaneous reversal of the direction of 
rotation. 

Automatic Stroke-Reversing and Variable-Speed Trav- 
ersing Motion Mechanism.-The mechanism shown in Fig. 
9 was designed in connection with the development of a 
machine for grading food products. It transmits a con- 
tinuous reciprocating motion to the rod A a t  the rate  
of thirty strokes a minute, although provision is made f o r  
obtaining any desired traversing speed from one to sixty 
strokes a minute. The maximum length of the reciprocat- 
ing stroke is 5 inches. The mechanism runs smoothly and 
is practically noiseless in operation. 

The drum B is driven a t  a speed of 300 revolutions per  
minute by a motor which transmits power to the mech- 



146 REVERSING MECHANISMS OF SPECIAL DESIGN 

I 

REVERSING MECHANISMS OF SPECIAL DESIGN 147 

anism by means of a belt through the grooved pulley C. 
The drum B transmits motion to the rod A through con- 
tact with the friction-driven wheels D mounted in bracket 
E. The wheels D a re  equipped with hardened steel centers 
and revolve freely on conical screw points F which a r e  
adjusted and locked in the bracket E. The wheels D a re  
equipped with semi-hard rubber o r  rawhide rings for  
friction driving, which operate smoothly. 

Spindle G, fitted in bracket E, turns freely in the guide 
casting H. The assembly, consisting of the guide casting 
H and castings I and J, is supported by the grooved 
wheels L, mounted on pins K in the casting I. The guide 
wheels roll on the rods M, secured to the under frames 
N. The reciprocating rod A is clamped between the two 
castings I and J. 

Bearing plate 0 i s  fastened to member H with counter- 
sunk machine screws. Assembled on plate 0 are levers 
P and Q. These levers have a compound action, and a r e  
actuated by the push-lever R which is held in place by 
screw pins acting in slots in  plate 0. The spacer S pro- 
vides working clearance for  levers R, P ,  and Q. Lever 
Q is pivoted on bearing plate 0, and at its upper end 
has an elongated hole which engages the pin T in bracket 
E. The lower end of lever Q is slotted, as shown a t  U, 
to engage a pin on lever P. The lower end of lever P 
also has a n  elongated hole which engages a pin X on 
lever R. 

When drum B is rotated, the traction wheels D, with 
their horizontal center lines parallel with each other and 
with the horizontal center line of drum B, revolve a t  
speeds governed by the size and speed of the drum. I n  
the position shown in  the illustration, no traversing move- 
ment by the traction mechanism takes place, but any 
turning movement of bracket E, with spindle G as its 
axis, immediately causes the bracket E and its assembled 
members to travel to the right or  left, a s  the case may 
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be, and a t  a speed governed by the angle a t  which the 
wheels D are set in relation to the horizontal center line 
of drum B. 

The travel of the traverse assembly, either to the right 
or left, brings lever R in contact with one of the levers 
V. Continued movement of lever R causes the eccentric 
rollers W to move in toward the revolving drum. Contact 
between the drum and rollers W causes the latter to 
revolve so that the high side of the rollers pushes back 
the reverse lever V with a rapid movement. Lever V 
thus moves lever R in the opposite direction. This action 
transmits, through levers P and Q and pin T, a turning 
movement to member E, which changes the angle at 
which wheels D make contact with drum B, thus revers- 
ing the direction of travel of rod A. This series of reverse 
movements is repeated when lever R makes contact with 
the lever V a t  the opposite end of its travel. 

The enlarged end Y of the slot U locks the traction 
wheels D when the pin on lever P moves into this part  
of the slot. Pressure applied a t  any point above point 
Y when the pin on lever P is in the enlarged end Y of 
the slot will not unlock levers P and Q. The slightest 
pressure below point Y, however, particularly when applied 
to lever R, immediately unlocks the mechanism and places 
the wheels D in the reverse position. The springs Z 
serve to eliminate vibration of levers V and to keep them 
in their proper operating positions. 

Reversing Mechanism for Cable-Winding Machine.- 
An automatic reversing mechanism for a cable-winding 
machine which is designed to allow reversal of the wind- 
ing guide a t  any desired point from zero to maximum, 
so that reels of various widths can be wound on the same 
machine, is shown in Fig. 10. The winding of various 
pitches is accomplished by using pick-off gears. An inter- 
esting feature of this mechanism is the use of two free- 
wheeling flywheels to store up energy for completing the 

automatic clutchengaging movements a t  each reversal of 
the lead-screw P which drives the winding guide. 

The mechanism is driven by the gears A and B, which 
rotate in opposite directions. These gears mate with gears 
C and D, which a re  pinned to the shafts E and F, formed 
with clutch slots G. For simplicity, only one slot is shown, 
but the clutches are  of the usual multi-tooth type. 

Fb. 10. R*v*nlng M.chanlsm for Cabl8-windlng Machlm. 

A combination gear and spool R runs freely on shafts 
E and F. The spool is shifted from side to side by the 
pins in the fork K, which is pivoted a t  L. I t  should be 
noted that the spool H remains constantly in mesh with 
the gear M, which is keyed to  the shaft  N. This shaft is 
formed integral with the lead-screw P which actuates the 
winding-guide casting Q. The casting Q is guided by the 
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way R. The guide head carries the member S in which 
slides the slotted rod T. This rod is connected to the 
fork K as indicated. On the end of shaft N a free-wheeling 
flywheel W is pinned, which locks when the lead-screw 
rotates in the direction indicated, but unlocks in the oppo- 
site direction and runs free. On the other end of shaft 
N a second free-wheeling flywheel (not shown) is pinned, 
which operates in the opposite way to W. Spring X 
keeps the clutch in mesh with gear C or D until acted 
on by fork K. 

In  operation, spool R, being in mesh with gear D, 
causes lead-screw P to operate in the direction shown. This 
causes guide Q to move in the direction U until i t  comes 
in contact with the shoulder Z on rod T. The guide then 
pushes fork K, causing the spool to move out of the clutch 
slot until it is entirely disengaged. At this point lead- 
screw P would normally stop revolving. However, the 
energy stored in the free-wheeling flywheel W continues 
to turn the lead-screw until fork K passes through and 
 lightly beyond the dead center position, whereupon spring 
X causes the spool to snap over against the face of gear 
C and into the slot. At  this instant, the lead-screw reverses 
and flywheel W commences to free-wheel, while the oppo- 
site flywheel is driven to store up energy for  the next 
reversal. It was found necessary after a trial run to make 
the surfaces Al in the free-wheeling flywheel a friction fit, 
so that after a short interval the energy would be dissipated, 
and it would then tend to drop down to a speed below that 
of the shaft. Thus, when again actuated, it could imme- 
diately pick up in the proper direction. 

Upon the reversal of the lead-screw, guide Q travels 
in the direction V until member S strikes the stop B,, 
when reversal again occurs. 

Mechanism for Reversing Cross-Head Feed-Screw at 
Any Predetermined Point.-The purpose of the mechan- 
ism shown in Fig. 11 is to reverse the direction of rota- 
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tion of a cross-head feed-screw when the cross-head has 
reached any predetermined point in its traverse. Adjust- 
ment of the cross-head speed is accomplished by a slotted 
pawl-arm. Reversal of the feed is obtained by a double- 
pointed pawl which can be positioned to  revolve the  ratchet 
wheel forward o r  backward. The mechanism has  been 
applied to  a machine f o r  evenly distributing wire o r  cord 
on a reel o r  spool 50 inches in diameter, and also to  a 
machine for a 30-inch spool. 

The feeding and reversing mechanism consists of a single- 
threaded screw A, Fig. 11, supported in frame bearings 
P; pawl-arm G ,  which is f ree  to rotate on screw A between 
ratchet H and collar B; the pawl-reversing cam F, placed 
over the hub of pawl-arm G; grooved sleeve E having a 
finger that  engages a slot in the pawl-reversing cam F; 
fork C, secured to guide rod D for  sliding sleeve E to the 
right or  left when a cross-head (not shown) moves guide 
rod D through contact with a collar (not shown). 

The collars are  set to  reverse the direction of rotation 
in accordance with the length of traversing movement 
desired. The sliding movement of sleeve E, Fig. 11, tips 
or rotates the reversing cam F which, in turn, depresses 
plunger L until it has passed the point of lug J. Spring 
M then forces plunger L outward against the side of lug 
J secured to shaft  N. Shaft  N, mounted in the short arm 
of pawl-arm G, is thus rotated, causing the pawl K to  
engage the ratchet on the other side of the arm, so that  
the lead-screw is revolved in the opposite direction. Pawl- 
arm G is oscillated by an  eccentric on the drive-shaft. 
Should lead-screw A tend to back up, a simple friction 
brake can be applied. 

~ e c i ~ r o c a t i n ~  Devices that Vary Their Paints of 
Reversal.-Gradual variations of one or both reversal points 
of a reciprocating slide 01- shaft can be obtained auto- 
matically by using the star-wheel mechanism shown in 
Fig. 12 in combination with a proper intermediate drive, 

four types of which a re  illustrated in  Figs. 13 and 14. 
Eight different movements can be obtained with the  vari- 
ous combinations; and any combination can be instantly 
converted to  obtain a constant point of reversal by simply 
swinging the  pawl F t o  its upper position so tha t  i t  does 
not engage the star-wheel. 

These movements are particularly adapted for mixing, 
valve-grinding, and textile machinery, where the  stroke 

tl9. 12. Doric* Usod 4 t h  Any On* of the D r l m  In lip. 13 or Flp. 14 for 
Gradually Vorylnp the Revenal Points of a Shaft or Slid*. 



164 REVERSING MECHANISMS OF SPECIAL DESIGN 

I 

REVERSING MECHANISMS OF SPECIAL DESIGN 166 

of a slide or a reciprocating shaft movement must be gradu- 
ally increased o r  diminished, or  where the positions of both 
pointa of reversal of the slide o r  the shaft must change 
gradually without changing the distance traveled between 
these two points. 

The star-wheel mechanism consists principally of the 
arm A, Fig. 12, on which is mounted a shaft carrying the 
star-wheel, together with a worm meshing with the worm- 
wheel B. The worm-wheel is keyed t o  the shaft C, which 
has for its bearing a long sleeve, integral with the hub 
of arm A. This sleeve is free to turn in  a stationary bear- 
ing on the bracket D, and has a spur gear E keyed to it. 
The driving member for this mechanism may be either a 
reciprocating o r  a continuously rotating gear, depending 
upon the movement to be transmitted through the inter- 
mediate drive; this gear (not shown) meshes with gear E. 

Suppose that  it is required to transmit movement to 
the slide a t  A in Fig. 13, so that the length of the stroke 
increases uniformly from zero to the maximum travel, the 
position of the point of its reversal at the left remaining 
constant. The cam shown here would be mounted on shaft 
C (Fig. 12), and the driving member for the star-wheel 
mechanism would be a reciprocating gear or rack. Now, 
as shaft C is locked to the arm by the worm and worm- 
gear, an oscillating movement is imparted to it by the 
driving member. However, during each cycle, the oscillat- 
ing shaft will be advanced or  retarded (according to whether 
the worm has a right- or a left-hand thread) by the action 
of pawl F on the star-wheel. 

Assume now that the angular movement of the shaft 
C is 135 degrees, and that the cam is  about to rotate in 
the direction of the arrow (Fig. 13). The cam-roll will 
follow the concentric portion of the cam groove and the 
alide will have no movement. During the next oscillating 
cycle of the cam, the position of both reversing points 
with reupect to the cam will be nlightly advanced in a 
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clockwise direction, due to the action of the star-wheel 
mechanism. This action will cause the roll to pass a short 
distance into the irregular portion of the cam groove, thus 
moving the slide a very short distance. 

After each oscillation of the cam, the roll enters the 
irregular groove farther, uniformly increasing the stroke 
of the slide until it has reached its maximum travel. To 
prevent the roll from coming into contact with the end of 
the cam groove and damaging the mechanism, automatic 
dogs are usually provided on the machine for discontinu- 
ing the operation of the star-wheel mechanism; or in some 
cases, provision is made for automatically returning the 
cam to its starting position. 

It should be noted, however, that owing to the fact 
that the roll passes over part of the concentric portion of 
the groove before the slide has reached its maximum travel, 
the slide will have a dwell a t  the beginning of each stroke. 
This dwell will decrease as  the stroke increases, until 
finally, when the slide has reached its maximum travel, the 
dwell will equal zero. 

To gradually vary the time a t  which the reversal of a 
slide occurs relative to the movements of the rest of the 
machine, the position of the reversal points remaining con- 
stant, the intermediate drive shown at B is used. In this 
case, the gear in the star-wheel mechanism is rotated con- 
tinuously by another gear. Thus the angular movement of 
shaft C (Fig. 12) will be uniformly advanced or retarded 
(depending on whether the worm thread is right- or left- 
hand) relative to the movements of the rest of the machine 
members. Consequently, the time a t  which each reversal 
of the slide occurs will also be advanced or  retarded rela- 
tive to the movements of the other machine members. 

When i t  is required to change the position of a slide 
gradually at both points of reversal, the drive shown at 
C, Fig. 14, may be employed. The cam, as before, is keyed 
to the shaft of the star-wheel mechanism, which, in this 
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case, is driven by a reciprocating gear or rack meshing 
with gear E, Fig. 12. Assume, as  in case A, that the 
angular movement of the shaft is 135 degrees. The rise 
of the cam groove is uniform. Hence, no matter what part 
of the groove the roll follows, the stroke of the slide will 
remain constant. 

However, owing to  the action of the star-wheel mechan- 
ism, the cam lags or  advances after each cycle (depending 
upon whether the worm thread is left- or  right-hand). 
Therefore, although the stroke of the slide remains con- 
stant, the positions of both reversal points of the slide 
change uniformly until the roll approaches the end of the 
cam groove. To prevent the roll from striking the end of 
the groove and damaging the mechanism, the same pro- 
vision is usually made as mentioned for case A. 

Another type of drive for  producing practically the same 
movement as that just described is shown a t  D, Fig. 14. 
In this case, a pinion and sliding rack are used instead 
of the cam and roll. This is perhaps a simpler and more 
economical design, and i t  has the advantage of varying 
the position of the reversal points of the slide over a longer 
distance than would be practical with the cam type of 
drive. 

To vary both points of reversal of a reciprocating shaft 
uniformly, no intermediate drive is required, because the 
shaft on the star-wheel mechanism-when driven by a 
reciprocating gear or rack-has this movement. All other 
reciprocating shaft movements corresponding to those of 
the slides shown in Figs. 13 and 14 can be obtained by 
combining the star-wheel mechanism with the proper in- 
termediate drive and mounting a rack on the slide. The 
rack, meshing with a gear on the part to be reciprocated, 
will transmit the required movement. 

Positive Type Reversing Clutch.-To design a poaC 
tive type clutch that will release instantly under a heavy 
load without causing too much strain on the clutch fork 

or operating levers, usually necessitates considerable ex- 
perimenting in order to determine the correct angle for the 
driving side of the teeth. When the proper angle is 
employed, the teeth will retain a sufficient gr ip to perform 
their work without releasing under the  pressure of the 
load, yet the operator will be able to release the clutch 
with little effort. 

The working conditions change, of course, with the 
method of operation, especially when the clutch irr employed 
to control the movements of a slide weighing 2000 pounds. 
For example, the operating conditions a re  somewhat dif- 
ferent when the slide is advanced by a series of short 
quick movements from when the slide is advanced smoothly 
and continuously a t  a uniform rate. Whether the move 
ment is controlled by hand or  by power feed, and whether 
or not oil o r  grease is employed to lubricate the ways on 
which the slide travels, are also factors to be conaidered. 
If the slide is fitted with a gib which must be kept fairly 
tight to prevent side play, a s  in the case of a wheel-slide 
on a surface grinder, this requirement must also be con- 
sidered. Under these operating conditions, i t  is necessary 
that all the teeth make good contact so tha t  the load will be 
distributed evenly, and thus permit the clutch to releaw 
instantly when reversing the direction of the slide move- 
ment either automatically or  by hand. 

The reversing clutch shown in Fig. 16 waa first made 
with teeth cut straight without any releasing angle. With 
this type of teeth, i t  was found impossible to reverse the 
clutch when the slide was in motion and carrying a full 
load. It waa, therefore, necessary to grind the cut teeth 
to an angle on the driving side. This was done by setting 
up an indexing head to hold the clutch on the table of a 
surface grinder and traversing the table back and forth 
by hand. 
After several triala, an angle of 14 degrees, as indicated 

by view J, was decided upon as the most satisfactory for 



160 REVERSING MECHANISMS OF SPECIAL DESIGN 

I 1 

REVERSING MECHANISMS OF SPECIAL DESIGN 161 

the contact faces of the clutch teeth for  moving a wheel- 
slide weighing 2000 pounds. For a slide weighing 1000 
pounds with exactly the same operating conditions, an 
angle of 10 degrees, as at K, was found to be most sat- 
isfactory. 

Various oils and greases were tried as lubricants for 
the wheel-slide, with the result that grease under pressure 
was found to give the slide the best working conditions. 
Oil, even in the heavy grades, would squeeze out on the 
sides of the ways due to the weight of the slide, which 
would then stick or  freeze so badly that it was almost 
impossible to start the slide after i t  had remained idle 
for a short time. The grease, however, was found to stick 
to the ways, giving them a film that made it possible to 
move the slide easily. 

I t  was found advantageous to have an odd number of 
teeth in the clutch face to facilitate milling the teeth. A 
clutch with a n  odd number of teeth will permit a n  over- 
running milling cutter to enter a tooth space on the oppo- 
site side of the clutch, instead of cutting into a tooth. 

The clutch member A, which does the driving, has 
right-hand teeth cut in i t  at one end and left-hand teeth 
a t  the other end. The pinion bevel gears E and D have 
clutch teeth to match those cut on the clutch member A. 
The large bevel gear F meshes with the teeth in pinions 
E and D: A spur gear H meshes with a rack that moves 
the wheel-slide in or out. 
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Reciprocating Motions Derived from 
Cams, Gears and Levers 

Among the reciprocating mechanisms described in this 
chapter are: linkage arrangements for imparting recipro- 
cating motion in a straight line and for operating a slide 
and plunger simultaneously; a chain and sprocket mech- 
anism for providing a long stroke a t  uniform speed with 
a rest period a t  the end of each stroke; an ingenious 
arrangement for providing a reduction of speed a t  one end 
of a reciprocating movement without using a cam or  
changing the speed of the driving member; a simple means 
of providing reciprocating motion suitable for instrument 
use ; an arrangement which causes a slide to be reciprocated 
from three different positions; a rack and intermittent 
gear mechanism which provides a uniform speed on both 
forward and reverse strokes; a mechanism designed to 
give various ratios of strokes to revolutions when convert- 
ing rotary into reciprocating motion and for varying the 
phase of reciprocation continuously with respect to the 
rotary motion; a double-contact cam which provides rec ip  
rocating motion with positively locked rest periods; three 
types of sliding block mechanisms for converting rotary 
into reciprocating motion ; a combination driving crank 
and Geneva dial mechanism for  obtaining a positive, accu- 
rately timed reciprocating motion with a dwell a t  the end 
of each stroke and a means for converting reciprocating 
motion in one plane to similar motion in a plane a t  right 
angles to it. 

Other reciprocating mechanisms based upon the action 
of cams, gears and levers are  described in Chapter 9 of 
Volume I and Chapter 9 of Volume I1 of "Ingenious 
Mechanisms." 

Straight-Line Reciprocating Mechanism for Disk Saw.- 
A mechanism consisting primarily of a link suspension 
frame for the rotating spindle of a saw for  wood and 
similar materials is shown in Fig.' 1. The interesting 
feature of this arrangement, which restricts the hand feed- 
ing movement to a horizontal motion along the straight 
line X-X, is the large amount of space i t  allows between 
the saw S and the supporting links A. There are two sup- 
porting links A and two links B. These four links a r e  

FIg. 1. Mrhonllrn for Gu161ng Sow S Along Stmlght UM X-X. 

mounted on bearing studs on the base at C and D. This 
arrangement permits links A and B to swing through the 
arcs indicated by the dot-and-dash lines. 

The connecting bar T ia triangular in  ahape. Triangles 
E, F, G, and D, C, H, are  equal and a re  located in  corre- 
sponding parallel positions. Link J is  connected to T at 
G and to a rod K which is attached to the extension of 
link A. Thus the end L of lever J which aupports the 
rotating saw S has a nearly straight-line motion. When 
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member J is moved by hand, the saw S is given a s traight  
line motion, as  required for cutting material. A mechan- 
ism similar to the one described is used on electric saws. 

Straight-Line Reciprocating Motion.-The device shown 
diagrammatically in Fig. 2 was developed to obtain a move- 
ment of the point B in a straight line from D to E when 
point A of the fork H is moved from F to G. This, how- 
ever, is only one of several possible motions that can be 
obtained by applying the same general principles to the 
construction of a motion-transmitting device of similar 
design. 

Referring to the construction of the device, fork H is 
free to oscillate about pivot J on slide K. This slide is 
free to move along the fixed rod L. Rods M and N, fixed 
in fork H a t  angle x ,  are free to slide through members 

Mchanism to Mow Polnt B in ShabY 
A Is Movad from F to G. 
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P and 0, respectively. Member 0 is pivoted at a fixed 
point in relation to rod L. 

Rod Q is fixed in member 0 a t  the angle y of the isosceles 
triangle ABC. The rod Q is free to slide through member 
P a t  the fixed angle y in relation to rod M. As A is moved 
along rod L triangle ABC changes i ts  altitude, but always 
remains isosceles. The triangle oscillates about A in rela- 
tion to slide K. As it oscillates about A the point B travels 
in a straight line DE a t  the angle y i n  relation to rod L. 

The movement of A is uniform with that of B in  the 
proportion given in the equation: 

Movement of A Leg AB 
- - 

Movement of B Base BC 
When point A of slide K has reached point G on rod 

L, the point B will be a t  point E Various intermediate 
positions of rods M and N are indicated by the light dot- 
dash lines. 

Fig. 1. Simpla Foot-oporoted Mechanism for Obtaining 
Stralpht-llno Motion. 

Simple Straight-Line Reciprocating Motion Mechanism.- 
Fig. 3 shows a mechanism designed t o  withdraw a slide 
horizontally in a straight line to permit a part  to be dropped 
through the opening into a chute of a conveying system 
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For  the long stroke required, this device is quite efficient 
and can be adapted to other mechanisms. It is foot- 
operated and can be constructed a t  small cost. The paths 
through which the various members travel when the pedal 
i s  depressed are indicated in the illustration. 

Pedal C is simply a continuation of lever D, which ie 
pivoted so that i t  can be rotated freely about the center 
of stud B. Lever E pivots about the center of stud A. The 
other ends of arms D and E are connected by pivot-pine 
to the operating lever F. I t  will be noted that the inner 
of these two connecting points does not lie on the same 
center line as  the end connections of lever F. At G, on 
the lower end of arm F, is a stud for connecting i t  to 
the slide arrangement. In  use, the pedal is depressed, caus- 
ing G to move in a relatively straight line toward the left, 
the motion being controlled by the two links D and E, 
which move in the paths indicated by the dot-anddash 
lines. Two of these mechanisms are employed, one being 
mounted at each end of the slide. 

Linkage Mechanisms for Operating Slide and Plunger 
Simultaneously.-The linkage arrangements shown in Figs. 
4 and 5 are  designed for advancing a slide and a plunger 
simultaneously during the first part of their movements, 
and then stopping the slide while the plunger continues to 
advance. The object of the devices illustrated is to advance 
the lower slide A for a distance B and then continue to 
advance plunger F. Slide A carries a receptacle C contain- 
ing a sheet of paper D from a cut-off position to an operat- 
ing position within the machine. 

Resting on top of the slide is a cylindrical-shaped piece 
E which is carried along simultaneously by the plunger F, 
attached to another slide unit G. Plunger F also pushes 
piece E through the paper-holding receptacle C, and in 
doing so, causes the paper to be wrapped about the piece. 
The chute H, Fig. 4, leads from a hopper which furnishes 
a continuous supply of the parts to be wrapped. 

A portion of the machine frame is shown a t  J.  A bracket 
K, mounted on the frame, carries the dual slide mechan- 
ism. A lever L is employed to  operate the slides. This 
lever is actuated by a cam M and a co-acting lever N, 
mounted on the rocker shaft P. Up to  this point the rnech- 
anisms illustrated in Figs. 4 and 5 operate in a similar 
manner. 

h. 4. Ynk Moehonlsm Dulpmd to Operate Yidd A and P l u w  C 
Ymultan.ou~ly. 

Referring to Fig. 4, the upper end of lever L is attached 
to a link Q which moves the slide o r  plunger F. Attached 
to the lower sliding unit of which A forms a part, is a 
spring cushion link R. This link is connected to a block 
S, the pivot points being at T and V. when elide A is 
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advanced a distance B, block S comes in contact with the 
atop-screw W, which prevents the lower slide from advanc- 
ing beyond this position. At this point the spring cushion- 
ing mechanism comes into effect and permits the lever 
L to continue advancing. The continued movement of the 
upper slide and plunger F carries the cylindrical piece into 
the machine. 

fls. I. Maebonimm Shown i a  Fig. 4 R d r i g m d  to blvo SmootLu Action. 

The spring cushion consists of a movable block X in 
which the stud T pivots. This block slides in the connect- 
ing link R, while the spring a t  Y holds the sliding block 
in the position shown. As lever L advances, block X slidea 
along the connecting link R, thereby compreseing apring 
Y. Interrupted advance linkages requiring the compress- 
ing of a spring of sufficient stiffness to advance a alide 

mechanism introduce into the machine what may be termed 
a harsh movement and one that may pound and wear out 
the mechanism quickly, with an attendant loss of power. 
To eliminate this action, the lower slide connection was 
redesigned as  shown in Fig. 5. 

The lever L, Fig. 5, is fitted with an extension X which 
supports a roll Y. Fastened to the under side of the slide 
bracket is an open cam Z. The contour of this cam is 
so designed that the roll will follow the angular portion of 
the cam indicated by the arrows a t  Z without advancing 
the lower slide after it has been advanced the required 
amount, although the upper slide and work pusher or 
plunger F continue to advance. It is obvious that the 
smoother action of the open cam Z will permit the moving 
parts to travel a t  a faster rate than is the case with the 
construction shown in Fig. 4. 

Long-Stroke Reciprocating Motion for Gaiding Wire 
on Reel.-Fig. 6 shows diagrammatically a reciprocating 
motion mechanism used for  guiding wire on a broad reel. 
The mechanism is designed to give a long stroke, with a 
uniform rate of traverse speed and a period of rest at  
each end of the stroke. 

Rod E, which is supported in bearing F, carries two 
pins P a t  its outer end for guiding the wire. Sprocket A 
drives sprocket B through the block chain C. The special 
link D, inserted in the chain in place of one of the standard 
links, carries the rod E on the pin 6. The length of link 
D is such that pin G travels along the center line between 
the two sprockets. Link D, in traveling from sprocket to 
sprocket, transmits a uniform reciprocating motion to 
rod E. 

At each end of the stroke, pin G remains stationary 
while the link D rotates half way around the sprocket, 
providing a period of rest which is determined by the 
diameter of the sprocket. On extremely long strokes, it is 
necessary to support the chain to avoid excessive sag. 
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Reciprocating Motion Used on a Wire-Forming Ma- 
chine.-Fig. 7 shows the design of a reciprocating motion 
used on a wire-forming machine, which employs a unique 
method of providing for a reduction of speed a t  one end 
of the movement. This is accomplished without the use 
of a cam and without changing the speed of the driving 
member. The lower view shows a plan of the arrangement, 
and the two upper views show side elevations. The part  
A is a sliding fit in a dovetail slot in  the stationary part  
B, and carries the lever C, which is connected at its upper 
end to the rod F, from which i t  receives its motion. The 
lever D is keyed to the same shaft as lever C, and carries 
a t  its lower end the roller E, which rides on the plate G. 

m. 7. Roalprocoting Muhonlsm which Provldn t o o  Roduatlrn of Sped s( 
One End of Movement. 
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The part A is recessed, as indicated, to receive lever C, 
the recess being of a depth that will permit the roller E 
to ride on the upper edge of the plate G without any lost 
motion. 

In  the central view, rod F is shown as having completed 
its movement to the left and as  moving to the right. As 
levers C and D are keyed to the same shaft and lever D 
is prevented from rotating downward by the roller E 
resting on plate G, there is no movement of either C or 
D relative to part A until roller E reaches the slot in 
plate G. The motion of A up to this point is directly trana- 
mitted to it by rod F. As roller E reaches the slot in plate 
G, it rides downward, as shown in the upper view. At 
this point, levers C and D, being fastened to the same 
shaft, operate as one lever, with roller E acting as  the 
fulcrum. As levers C and D are of the same length, the 
speed of movement of part  A from this point is reduced 
to about 50 per cent that of rod F. The length of travel 
a t  this point is likewise reduced. Plate G is slotted to pro- 
vide adjustment. 

Simple Reciprocating Mechanism for Chart Recording 
Pen.-A very simple means for producing reciprocating 
motion was discovered while developing a special instru- 
ment. Aside from the simplicity of the device, which ia 
shown in Fig. 8, there is the desirable feature of lighb 
ness, with a minimum amount of power loss due to friction. 

The mechanism consists of a cam A, fabricated from 
spring wire. The two legs B of the spring cam cross and 
pass through a hole in bar C, while screw D serves to hold 
the spring a m  in place in the instrument case. 

Cams E, acting on spring cam A, cause the poaition of 
the point where legs B cross to change sa cam A is 
depressed and released. In changing the poaition of the 
crossing point, bar C is made to move back and forth. 
The upper view of the illustration shows the device a t  the 
starting position, with spring cam A completely relaxed, 

while the lower view shows the relative position of the 
members of the mechanism when the maximum depres- 
sion of spring cam A has been accomplished to displace 
bar C a distance equal to F. 

Bar C is intended to support a pen for marking a con- 
tinuous chart, and it is for this reason that lightness and 
easy operation are desired. The two cams E are not of 

Fip. 8. Slmpla Method of Produeinp a Raeiproeotlno Motion 
for a Chart Recordin9 P a n  

the full rotating type. The motion of the cams about their 
pivots or centers is dependent upon the action of a bellows 
that is subject to pressure pulsations. 

Pivoted Holder for Cam Follower Rolls Provides Un- 
usual Reciprocating Motion.-The design of an interesting 
mechanism used on a wire-forming machine is shown in 
Fig. 9. This mechanism is used to operate a slide G which 
carries a forming tool, the slide being caused to  reciprocate 
from three different positions. The lower cam F imparts 
the reciprocating movements to the slide, while the upper 



174 RECIPROCATING MOTIONS FROM CAMS, GEARS, LEVERS RECIPROCATING MOTIONS FROM CAMS, GEARS, LEVERS 176 

cam E intermittently locates the slide G in three different 
positions. 

Referring to the illustration, the shafts A and B carry 
the meshing gears C and D which rotate in the directions 
indicated by the arrows. Shaft A is the driving member, 

no. 9. Moehanlsm for Awtomotkally R.clpmcsHng o tM. and 
Locking I t  In T h m  Dlffmnt Posltlonr 

shaft B running idle in its bearings. Cams E and F are 
attached to gears D and C and operate with them. The 
speed ratio between gears C and D is 4 to 1. The slide 
G is supported in bearing K. Slide G carries the stud J, 
upon which lever H fulcrums a t  its center. Lever H carries 
the rollers L and M, which engage the cams E and F, 

respectively, being held in contact by a spring (not shown) 
which draws slide G to the right. 

Cam E is designed with three points of rest, one of 
which is for a period of 180 degrees, while the other two 
are for periods of 90 degrees each. The single-lobed cam 
F is designed to give a quick rise and fall. I n  the upper 
view to  the left, the roller L is shown on the low point of 
cam E, while the roller M is positioned on the high point 
of cam F. As the lobe of cam F passes under the roller 
M, the lever H fulcrums on the center of the roller L, 
transmitting to the slide G a movement equal to one-half 
the rise of cam F. 

As gear D rotates in the direction indicated by the arrow, 
the intermittent step S of cam E is brought under roller L, 
causing lever H to fulcrum on the center of roller M, thus 
moving the slide G to the left an amount equal to one- 
half the rise of step S on cam E, slide G now being in  its 
second or  intermediate position. The lobe of cam F again 
actuates the lower end of lever H, giving the slide G its 
second reciprocating movement from its new position. 

Continued rotation of gears C and D brings the high 
point of cam E under roller L, as  shown in the lower view. 
As compared with the upper view, the position of the 
stud J has moved to the left a distance equal to  X. As 
the high point of cam E includes 180 degrees, the lobe of 
cam F acts twice on the roller M during this period. 
Thus the slide G is given one oscillating motion a t  each 
of two positions and two motions a t  the third position. 
The roller L then returns to the low point on cam E, 
completing the cycle. The slide bearing K, i t  will be noted, 
is not shown in the side view of the assembly. 

Rack and Intermittent Gear Mechanism for Obtaining 
Uniform Reciprocating Motion.-The reciprocating motion 
produced by the experimental mechanism shown in Fig. 
10 differs from that of the crankdriven movement so com- 
monly used, in that member C moves a t  a uniform apeed 
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on both the forward and reverse strokes. No sliding gears 
or clutches, such as are usually employed in gear-driven 
reciprocating motions, are used in this mechanism, the 
motion being obtained by two modified gears and a rack. 

Referring to the illustration, the intermittent driving 
gear A rotates constantly in the direction indicated by the 
arrow. The teeth of gear A mesh alternately with the 
teeth of rack C and gear B. In the position shown in the 
illustration, the leading tooth on gear A is about to make 
contact with the first tooth of gear B, causing the latter 
to rotate in the direction indicated. The motion of gear 
B is transmitted to the rack C, causing it to move to the 
right. 

Fig. 10. Mechanism for Tranrmlttlng Uniform Ruiprocating Motlon 
to Rock C from Rotating Intermittent Gear A 

As the last tooth E in gear A completes its contact with 
the mating tooth in gear B, the tooth D in gear A is ready 
to engage the mating tooth in rack C. When this occurs, 
the direction of movement of rack C is reversed. At this 
point, the teeth on gear B are in the clearance space of 
gear A. Gear B is then driven by rack C until tooth D 
of gear A meshes with gear B. The alternate driving of 
rack C by gear A and gear B produces a uniform recip- 
rocating motion of the rack. 

It  will be noted that the number of teeth in each tooth 
ctection of gear A is two less than onequarter of the 
number of teeth that would be carried by a full gear of 
the same size and pitch. Although this is necessary to 
prevent clashing, the effect is the same as that produced 
by a quarter turn of a gear having the full number of teeth. 
I t  will also be noted that the two end teeth in each toothed 
section of gear A are modified to provide sufficient clear- 
ance to permit the reversal of rack C. On large gears, 
i t  will be necessary to modify the succeeding tooth as well. 
Also, it may be necessary to remove a small amount of 
material from the leading face of the leading tooth in 
each group of teeth in gear A to permit a slight lag in 
the reversal of rack C. The degree of modification of the 
teeth necessary for  the proper functioning of the mechan- 
ism will vary with the size of the gears and their pitch. 

The length of travel of rack C is determined by the 
diameters of gears A and B. The number of teeth in 
these gears must be divisible by 4. AIthough this mech- 
anism can be used only where moderate speeds are em- 
ployed, due to  the necessity for suddenly arresting the 
momentum of rack C and gear B, i ts  simple construc- 
tion recommends its application wherever the speeds are 
within the permissible range. 

Mechanism for Converting Rotary into Reciprocating 
Motion and a Single-Chain Differential Drive.-The 
mechanism shown in the upper diagram of Fig. 11 is 
used for converting rotary into reciprocating motion. I t  
can be designed to give various ratios of strokes to  revolu- 
tions and to cause the phase of the reciprocating motion 
to  vary continuously with respect t o  the rotary motion. 
Such variation is desirable for lapping and polishing. For 
example, i t  can be built to have sleeve T make 0.565 recip- 
rocation per revolution of sprocket C. The reciprocating 
motion is continuous and positive and takes place without 
shock. 
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The stationary housing K szpports a bushing D, held 
in place by a screw E. The shaft A rotates in bushing D 
and is restrained from endwise motion by the hub of 
sprocket C and the base of the truncated cylinder F. At 
L is another truncated cylinder similar to the one at F. 

f1g. 11. (Top) Muhonlm for C o m d n g  Rotary Into R w t ~ y  Metiea 
(Bottom) Sinpl~hoin Diffmntlol Drlve wlth Stondord Sproakd A and )p.dsl 

SprocM B. 

These cylinders are keyed to shaft A with their truncated 
faces parallel and spaced by the sleeve J. The nut M 
serves to clamp the members F, J, and L together. 

Sleeve T is a sliding fit in housing K, and is restrained 
from rotating by the key S. The internal collar or race 
G is held in sleeve T by the snap-ring H. In dismantling, 
the snapring may be reached through the holes in sleeve 
T. The two balls 0 are positioned by the ball cage N which 
straddles the internal collar G, so that the line joining 
the ball centers is parallel to the axis of shaft A. The 
cage N bears on the faces of the collar or race G and thus 
holds the balls in line. 

Rotation of driving sprocket C rotates the truncated 
cylinders or face-cams F and L, thus causing the balls 
0 to roll on the cam surfaces and on the internal collar 
G which they cause to reciprocate o r  shift from side to 
side. The reciprocating motion is transmitted from collar 
G to sleeve T through ring H. 

If the faces of collar G were not grooved but constructed 
with two plain surfaces, the balls and their cage would 
make one revolution about the axis of shaft A to every 
two revolutions of shaft A. This gives two revolutions of 
A for each complete reciprocation of sleeve T. With the 
faces of the collar G grooved as illustrated, however, the 
ratio is somewhat different, as shown by the equation: 

Number of reciprocations of T P 
=I-- 

Number of revolutions of A R 

where P and R are the horizontal distances shown in the 
upper diagram of Fig. 11. 

I t  is not necessary to groove the faces of collar G in 
order to get a varying-phase relation between A and T. 
Any creep of the balls or the collar itself, however little, 
will cause a continuous though slight change in the phaae 
relations. The ratio of revolutions of the driving sprocket 
C to the number of strokes of sleeve T can be further 
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modified by mounting housing K so that it can be rotated 
about the axis of shaft A. 

The chain mechanism shown in the lower diagram of 
Fig. 11 provides a convenient means for driving shaft A 
and housing K a t  slightly different speeds. Ordinarily, two 
concentric sprockets would be driven by two separate 
chains, each with its own take-up mechanism. The mech- 
anism shown, however, drives the two concentric sprockets 
a t  slightly different speeds by means of a single chain 
which is wide enough to engage both sprockets. Referring 
to the lower diagram of Fig. 11, B is a standard sprocket, 
the teeth of which are  shown in unshaded outline, and D 
a silent chain. The special sprocket A, the teeth of which 
are shown in shaded outline, has one tooth less than 
sprocket B, but has substantially the same outside diameter 
and root diameter a s  sprocket B. Its teeth are cut with the 
same cutter as is used for sprocket B, but the sprocket is 
indexed and recut to make the tooth thickness less than 
normal, so that the teeth A do not interfere with chain 
D and lift i t  off sprocket B. 

The approximate tooth outline can be determined as  
follows: Draw the circle R tangent to the 60-degree faces 
of the standard gear tooth, and also draw a standard chain 
in contact with sprocket B, making the angle of wrap 
as  small as possible without sacrificing proper functioning 
of the driving chain. Next, draw the line E tangent to the 
circle R and to the chain tooth which is about to engage 
the standard sprocket B. This establishes the driven face 
of the sprocket tooth on sprocket A. Next draw line F 
tangent to circle R and to the chain tooth that has started 
to leave the standard sprocket B to establish the opposite 
face of a tooth on sprocket A. Draw the line G tangent 
to the circle R and a whole number of tooth spaces from 
the line E, as measured on sprocket A. The space included 
between F and G will be the approximate tooth on sprocket 
A. I t  may be easier to place a chain on the sprockets and 

cut the teeth of the second sprocket back by trial cuts 
until there is no interference than it ie to lay out the 
tooth a s  described. 

The operation of the mechanism is as follows: The 
chain, coming in wedge-like contact with a tooth of sprocket 
A along the line E, moves sprocket A a little faster than 
sprocket B. The narrow teeth on sprocket A permit i t  
to move faster than sprocket B without interfering with 
the chain. One tooth a t  a time on sprocket A takes all 
the drive. If necessary, these teeth can be made shorter 
than standard teeth, as shown in the illustration. 

The sprocket A shown in the lower diagram of Fig. 11 
has 27 teeth, while the sprocket B has 28 teeth, so that 
the relative speeds of the two sprockets are inversely pro- 
portional to their number of teeth. 

In using the single-chain differential drive on the mecli- 
anism shown in the upper diagram of Fig. 11, the standard 
tooth sprocket B was used to  drive the housing K, which 
should be mounted so that i t  can rotate but is restrained 
from endwise movement, while the special 27-tooth sprocket 
A took the place of sprocket C. Thus when housing K 
and collar G have made 27 revolutions, the cams F and L 
will have made 28 revolutions. The cams, therefore, gain 
one revolution on collar G for each 27 revolutions of the 
housing. Since i t  requires approximately two revolutions 
of the cams with respect to collar G t o  produce one recip- 
rocation, i t  will require 2 x 27 or  54 revolutions of hous- 
ing K to produce one reciprocation when the collar G has 
plain faces. The sleeve J may be omitted and the nut M 
pulled up until the balls just grip collar G. The nut can 
then be locked with a cotter-pin o r  check-nut. A light 
spring could be used under the nut MI but this was not 
found necessary for  the particular mechanism shown. 

Care should be taken not to make the angle of the 
truncated face of the cylinders F and L too large. The 
limiting angle may be found by experimenting with a ball 
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placed between two lubricated surfaces. The angle used 
for the mechanism shown was 8 1/2 degrees. This angle 
was found satisfactory for balls 3/8 inch in diameter. 

Mechanism for Converting Rotary into Reciprocating 
Motion.-In Fig. 12 is shown a mechanism for converting 
the rotary motion of shaft A into a reciprocating motion 
of the sleeve which i s  composed of the two members B 
and C. This mechanism is similar to the one just described, 
the principal difference being in the construction of the 
reciprocating sleeve. 

In  the mechanism shown in the upper diagram of Fig. 
11, the snap-ring H for transmitting the drive from collar 
G to the sleeve member was assembled by springing i t  
into the groove in member G. Member G was then pushed 
into the sleeve until the ring reached the groove on the 
inside of the sleeve. The ring then expanded into the 
groove in the sleeve. In  order to permit ring H to be com- 
pressed so that collar G could be removed, i t  was neces- 
sary to drill two holes through the reciprocating sleeve, 
as shown in the cross-section view in the upper diagram 
of Fig. 11. The diameter of these holes was somewhat 
larger than the width of the snap-ring and the holes were 
drilled diametrically opposite each other. 

Fig. 12. Mrhanlsm for I m W  ng ~ ~ y a t l n g  Molion )o II- M.lkn 
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With the design shown in the accompanying illustra- 
tion, a heavier ring H is used and the necessity for  drilling 
holes through the sleeve is eliminated. The ring H is fitted 
into the groove in collar G, which is then inserted in  member 
B of the reciprocating sleeve so that  ring H fits snugly 
into the counterbore. Threaded sleeve C is then screwed 
into sleeve B, a clearance of about 0.025 inch being left 
a t  D so that ring H can be clamped securely in place. 

The operation of the mechanism is  the same a s  the one 
just described and shown in Fig. 11. Shaft A, with the two 
truncated cylinders F and L keyed to  it, revolves, causing 
the balls in contact with the truncated faces and the race 
of collar G to transmit a reciprocating movement to  the 
sleeve members B and C. The balls a r e  kept in alignment 
by a cage N which straddles the collar G. 

Ball thrust bearings placed on both sides of the stationary 
bearing E might be a worth-while improvement. 

Mechanism for Converting Rotary to Constant-Velocity 
Reciprocating Motion.-The mechanism shown diagram- 
matically in Fig. 13 was devised to impart a reciprocating 
motion to the sliding member A from the rotating shaft 
B. This reciprocating motion was required to  operate the 
bellows of an artificial respiration machine in such a man- 
ner as to simulate the inspiration and expiration of natural 
breathing. 

In  natural breathing, the expanding movement of the 
ribs, accompanied by a downward pull of the diaphragm, 
produces a suction power for  inhaling a i r  which operates 
immediately a t  i ts  full velocity and continues to do so to 
the end of the inhalation. It is apparent, therefore, that 
the accelerating and decelerating motion produced by a 
simple crank mechanism such as  i s  usually employed to 
convert rotary to  reciprocating motion cannot be used to 
drive the reciprocating bellows-operating member A. 

The special mechanism devised for  this purpose, like the 
natural mechanism of the chest, immediately starts the 
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flow of air into the lungs a t  full velocity and continues the 
flow at a uniform rate to the end of the air  injecting 
motion, after which it causes the air to be withdrawn from 
the lungs in a similar manner. 

To duplicate the rate of natural breathing, the driving 
motor C was equipped with reduction gears to give shaft 
B a uniform speed of 16 R.P.M. The reciprocating motion 
is imparted to member A in the direction indicated by 
arrow D from the rotating shaft B through arm E, flat- 
faced wheel F, and a flexible steel band G in the manner 
to be described. 

PI& 11. Conrtont-velocity R.clpr#atlne MoHon Meelwnkm D.Jlmd k 
Operote the Bellows of an Artificial Rnplrotlon Mmchlw. 

Shaft B, with the arm E secured to i t  by a pin, rotates 
in a counter-clockwise direction, causing arm E to ride on 
the rim of wheel F, which is a free running fit on shaft B. 
One end of the flexible steel band G is fastened to wheel 
F a t  HI and the other end is secured t o  the bellows-actuat- 
ing member A. 

The arm E is made of spring material, and is so designed 
that i t  will automatically drop into slots or notches J and 
K in the rim of wheel F as i t  is rotated in a counter- 
clockwise direction. Fig. 13 shows arm E in slot J, in 
which position i t  acts as a driver for  wheel F, causing the 
wheel to rotate counter-clockwise. 

This rotation of wheel F serves to wind steel band G 
over the face of the wheel and thus pull the bellows operat- 
ing member A to the left, in the direction indicated by 
arrow D. The movement of member A continues a t  a 
uniform speed until the outer projecting end L of a rm E 
comes in contact with the cam-faced dog M, which lifta 
the arm out of the driving notch J in wheel F. 

As soon as  arm E is lifted from the driving slot, the 
spring N, which has been compressed by the movement of 
A to the left, instantly expands and forces member A to 
the right, thus completing the return stroke. This return 
stroke of member A causes wheel F to revolve clockwise 
back to its original starting position, where i t  is stopped 
by a device not shown. 

The arm E then continues to ride or  slide or! the rim 
of the wheel until i t  drops into the slot K. The movement 
of member A to the left is then repeated in the manner 
described until another cam-faced dog P disengages arm 
E and allows the spring N to return the member A again 
to the starting point. Member A travels at a constant 
velocity during its stroke to the left because the rotating 
speed of wheel F is constant and therefore provides a con- 
stant speed for winding the flexible band G around the 
wheel face. 
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If a power return motion is required for member A in 
place of the spring-actuated return motion, gears can be 
employed to operate the mechanism in the reverse direc- 
tion. Since the bellows are only a secondary part  of the 
mechanism, they are not shown. 

The notches J and R in wheel F are deep enough to 
seat a rm E. One end of each notch is beveled or  sloped to 
allow arm E to drop into the slot until it strikes the driv- 
ing end of the notch which is a t  right angles to the rim. 
The dogs M and P are fixed, and are so positioned that 
they lift arm E out of the notches in wheel F a t  the proper 
time as  it traverses around with the wheel rim, and then 
allow i t  to drop back into contact with the rim. It then 
slides along the edge and in contact with the rim in a 
counter-clockwise direction while the wheel is being re- 
versed and being moved in a clockwise direction by spring 
N, until it drops into the next notch in the rim edge, which 
again immediately reverses the motion of wheel F. 

Rec;procating Motion with Positively Locked Rest 
Periods.-A double-contact cam, such as is shown in Fig. 
14, can be used to secure a reciprocating motion with a 
rest period for the sliding member. This mechanism is 
positive, self-locking, and has no backlash. The cam of 
this mechanism is keyed to the driving shaft a t  A. The 
contour of the cam is composed entirely of arcs of circles, 
and is constructed as described in the following: Let e 
equal the angular magnitude of the two rest periods of 
the cycle. Then 180 degrees minus angle e equals the 
angle of the two action periods of the operating cycle. 

Next, triangle ABC is constructed with the angle a t  A 
equal to angle e as shown in Fig. 14. The lengths b and 
c are then selected for  two sides of the triangle, so that 
b + c - a equals the length of the reciprocating stroke S 
of the yoke. Then, with the vertex of the smallest angle 
of the triangle as  a center, say a t  B, and with an arbitrary 
radius r, construct the arc DE; next, with C as a center, 
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construct the a rc  EF, and with A as a center construct 
the arc FG. With B as a center, construct arc  GH and 
with C as a center, construct the a r c  HJ; finally, with 
A as  a center, construct the closing a r c  JD. 

The distance between any two parallel tangents to  the 
cam is equal to  the constant distance 2r + a + b - c. 
Thus, the yoke follower maintains two contact points with 
the cam surface throughout the cycle, and operates with- 
out any backlash, except the small amount necessary for 
working clearances. 

It will be noted that angles B and C are unequal, a fact 
that results in a different rate of acceleration or timing 
of motion on the forward and return strokes. Motion 
distribution or timing can be varied still further by chang- 
ing radius r. Identical forward and return motions can 
be secured, if desired, by making angle B equal to angle C. 

CIS 14. Cam Mmhanlsm Dosigned to Roduca Rnlprocotlmg Motlon wlth 
Posltlvely locked R a t  Perlods. 
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The shaft could have been keyed to the cam a t  points 
B or C ae well a8 at A. In  that case, however, a different 
rest period and a different travel of the follower would 
have been obtained with the same cam and follower, the 
rest periods corresponding in magnitude to the three angles 
A, B, and C of the triangle. The cam will operate with a 
rocker-arm follower as  well as with a sliding type follower. 

Sliding-Block Mechanisms for Converting Rotary into 
Rectprocating Motion.-Rotary motions are frequently con- 
verted into reciprocating movements by means of sliding- 
block mechanisms. Such mechanisms generally include a 

box-shaped cast-iron lever arm in which a bronze block 
slides. Three different applications of this type of mech- 
anism are shown in Figs. 15, 16 and 17. 

A long eccentric block movement i s  shown in Fig. 15. 
In this construction, the large gear A is driven by pinion 
B. Sliding block L is free to pivot about stud C, which 
projects from the face of the gear. When the gear is 
rotated in the direction indicated by the arrow, the slid- 
ing block will move lever D from the lower position shown 
to that indicated by the center line connecting points M 

h. 16. Uldlnp Block F Mountod on Coc*nMo Stud D Is Cm~loyod wl+h 
C o n w e t l y  Unkogm to Rwlpmaoto Mombor R on Tabla of Mochlm. 
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and 2. M represents the upper position of connecting pin 
N, and Z indicates the common center of the stud and 
block when the lever is in its uppermost position. 

As block L slides back and forth in member D, the lever 
E and shaft G to which i t  is pinned are reciprocated 
through arc F to operate a mechanism not shown. Con- 
necting-rod H and adjustable links J and K join levers E 
and D. Point P represents the upper position of pin Q, 
while the center line joining points P and M, and broken 
lines R, indicate the uppermost position of the connecting- 
rod. 

One feature of this design is that only a little more than 
one-quarter of a revolution of gear A is required to lift 
lever E to its vertical position. To return the lever to 
the position shown requires almost three-quarters of a 
revolution. In other words, the slow motion of lever E and 
shaft G is obtained while work is being performed on the 
machine, and the quick motion returns them to their 
starting positions. 

A contrasting application of the same mechanism is the 
so-called "short eccentric block movement," Fig. 16. In  
this case, sliding block F is free to pivot about an  eccentric 
stud D, which projects from flange C on driven shaft B. 
The shaft is mounted between frames A of the machine. 
Block F slides within the slotted box-like lever G, pivot- 
ing the lever about shaft J. Connecting-rod H joins one 
end of lever G with bellcrank lever N, which, in turn, 
reciprocates member R in ways provided on the table of 
the machine. 

An interesting variation of the sliding-block movement 
is the cam-operated mechanism shown in Fig. 17. In this 
case, the lever M containing the sliding block P is on the 
driven rather than the driving end of the mechanism. Roll 
B, which rotates about a stud extending from lever C, fits 
in the grooved face of cam A. Lever C is hinged on pin 
D, so that it oscillates through arc H as the cam is rotated. 
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PI*. I?. Corn-op*rot.d S1141 Block Mnhonl#m whlch is Imployd  to 
Rrlprocot* Slld* ~ n f n  Woys Provided on Broekot 1. 
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This motion is transmitted to the bellcrank lever M by 
connecting-rod J. The bellcrank lever is free to pivot about 
pin T, and ite longer arm is slotted to fit sliding block P. 
Stud R, which passes through the sliding block and is 
secured to slide L, is confined t o  movement along center 
line XX by a n  elongated slot N in bracket S. As the slotted 
a r m  of the bellcrank lever i s  pivoted through a rc  V, slide 
L is reciprocated along center line XX in ways on bracket S. 

I n  making such sliding-block mechanisms, i t  is some- 
times advantageous to have the slot in which the block 
travels open a t  one end. This type of forked construction 
facilitates assembly, and is generally satisfactory when 
the travel of the block is small. In  cases of longer travel o r  
high-speed operation, i t  i s  usually necessary to increase the 
strength of the forked member o r  resort to a box type lever. 

Positive Reciprocating Mechanism.-Machines of cer- 
tain types sometimes require feeding slides that  a re  given 
a positive, accurately timed, reciprocating motion with a 
dwell a t  each end of the stroke. I n  the case of the mech- 
anism shown in Fig. 18, the feeding slide S is required 
to be positively locked in the position indicated by the  full 
lines while driving shaft T, rotating continuously in one 
direction, completes a certain portion of a revolution, fol- 
lowing which the feeding slide S is moved to the position 
at  the right indicated by dotted lines. The slide then 
remains locked in this position for a certain portion of 
a revolution of shaft T, af ter  which i t  is returned t o  the 
position shown by the full lines. This cycle is  repeated 
continuously as long a s  the driving shaft T continues to 
rotate. 

While i t  would be possible to obtain a reciprocating and 
dwell motion of this kind by the use of simple cams, the 
usual cam and follower arrangement would not insure the 
necessary positive locking action, accurate positioning dur- 
ing the dwell period, and freedom from lost motion o r  back- 
lash provided by the mechanism illustrated. As shown in 
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the dew to the right, the mechanism consists of two units- 
the driving crank unit shown a t  the right-hand end of the 
assembly or section view, and the Geneva dial mechanism 
indicated a t  the left-hand end. 

Members D and E are laid out as a six-station Geneva 
motion, which allows D to revolve through an angle of 240 
degrees while E remains stationary in either one of t h e  
two positions. This provides for the rotation of D through 
an angle of 120 degrees while transferring E from one dwell 
position to the other. 

Reversal of member D after completing one revolution, 
as required to give slide S the reciprocating movements 
and dwells described, is accomplished by a crank with a 
roller A which revolves continuously with shaft T. Roller 
A engages a vertical slot in a member attached to  r ack  
B, as indicated in Fig. 19. Rack B, in turn, meshes wi th  
a pinion C on the shaft on which member D is mounted. 

Thus continuous rotation of shaft T causes rack B to 
reciprocate, driving D first in one direction and then in 
the other. Rack B rotates driver D one full turn during 

A@. 19. End V l w  of Mochonlsm lllumotrd In Ftg. 1L 

one-half of a revolution of shaft T, and then reverses and 
drives i t  one full revolution in the opposite direction. 
Flange F, to  which the disk carrying the driving roller 
A is attached, has elongated slots for the fastening studs 
in the flange to permit adjusting the angular position of 
roller A. 

Swivel Joint Mechanism for Changing Direction of 
Movement.-Although the mechanism shown in Fig. 20, 
designed for  changing the direction of movement trans- 
mitted by a lever, is not suitable for use where con- 
siderable rigidity is required, it nevertheless has much 
to commend i t  where the force applied is comparatively 
small. 

The illustration shows one corner of the machine table 
on which the mechanism is used. The rod A has a recip- 
rocating movement, rocking lever B about shaft C a s  a 
fulcrum. Shaft C is  supported by two brackets M, the 
one a t  the front end of the shaft not being shown. This 
motion i s  transferred by the mechanism to a horizontal 
reciprocating slide D. There is a swivel link unit at E on 
the end of lever B. Lever H, being an  integral par t  of 
the hub of lever B in the form of a separate arm, is also 
rocked back and forth by rod A. 

Swivel joint F, of which S is a connecting-rod having 
a second swivel joint a t  G working in conjunction with the 
swivel link K, transmits motion in a horizontal plane to 
a rocker lever L. The horizontal lever L pivots on stud N, 
transmitting motion to link P, which, in turn, transmits 
the required reciprocating movement to slide D. Slide D 
is held on the base of the machine by means of guide plates 
Q. The opposite end of slide D serves to actuate transfer 
plates in the proper sequence of operations performed by 
the machine. 

The principle involved in the swivel connections at E, F, 
and G is the same in all instances. The link E carries a 
pivot pin R, held in place by means of a washer and cotter- 
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pin. Thia permits an up and down rocking movement of 
rod A. It also permits a rocking action of the joint forward 
or  back, as well as sidewise, in the horizontal plane. The 
joint G a t  the end of the connecting link S allows a 

RECIPROCATING MOTIONS FROM CAMS, GEARS, LEVERS 197 

swiveling motion in the horizontal plane, while pin T per- 
mits a swiveling motion in the vertical plane. 

Therefore, regardless of the inclination of the connect- 
ing links or the variations in height due to the radial action 
of the several rocking levers, movement is transmitted from 
the rod A to the slide D. While the mechanism appears 
somewhat complex because of the many angles involved, 
it nevertheless often provides the simplest arrangement 
for obtaining the desired results. 

Fig. 20. Swivml Joint Meehonlsm by Means of which 
Raclprocotlng Rod A Opmmtms Sildm D. 
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CHAPTER 8 

Crank Actuated Reciprocating Mechanisms 
Among the special features of the reciprocating mech- 

anisms described in this chapter are: operation of two 
slides alternately from one shaft; providing straight line 
reciprocating motion without support by ways or  slides; 
synchronizing of horizontal and vertical motion; opera- 
tion of two reciprocating slides from a single crankpin; 
provision of crank motion with dwell or rest period and 
obtaining reciprocating motions in two different positions 
in  each cycle. 

Other crank actuated reciprocating mechanisms are in- 
cluded in Chapter 9 of Volume I and are covered in Chapter 
8 of Volume I1 of "Ingenious Mechanisms." 

Mechanism for Operating Two Slides Alternately from 
One Shaft.-Figs. 1, 2 and 3 show the construction of a 
mechanism used on a packaging machine. Two slides B 
and S are  operated alternately from the rotating shaft D, 
one of the requirements being that one slide start  its 
movement when the other stops. Figs. 1 and 3 show the 
end and plan views. 

The stationary part A of this mechanism is dovetailed 
to hold the two slides B and S on opposite sides, a s  shown 
in Fig. 1. Bearing C supports shaft D, which rotates in 
the direction indicated by the arrow. Lever E is free to 
turn on shaft D, and carries a t  its upper end the gear K 
which runs free on its stud. Gear K receives its motion 
from gear L which is keyed to shaft D. Connecting-rod F 
is carried on the stud on the upper end of lever E and 
the stud on slide B. Connecting-rod J is carried on a stud 
on gear K and a stud on slide S. Slides B and S are slotted, 
pin G passing through part  A and acting a s  a stop for 

both of these slides. Spring H serves to draw lever E to 
the right. 

Taking Fig. 3 as  a starting point in the cycle, slides B 
and S are held against pin G by spring H acting on lever 
E. The rotation of gear L in the direction indicated by 
the arrow causes gear K to rotate in the opposite direc- 
tion; this, in turn, causes rod J to draw slide S to the left, 
slide B remaining stationary until slide S is again returned 
to its resting point against pin G. I n  Fig. 3, the dotted 

Fig. 1. End View of M.chanlsm, Showing Davetall U l d u  B ond S on Oppoait* Sldn of Port A. 
Fig. 2. Plan VIew, with Slide B in Central Position and Sllde S in RlgM-hod Polltian. Flp. 3. Slides 

B and 5 in Extreme Riaht-hand Posltionr 
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outline of lever J indicates its position after slide S has 
completed its movement. As slide S is restrained from 
further movement to the right, continued rotation of gear 
K brings rod J to the center position, a s  in Fig. 2, thus 
causing lever E to swing to the left against the resistance 
of spring H. The movement of lever E draws slide B 
to the left, returning it to its resting point against pin G 
as rod J passes the center position, thus completing the 
cycle. 

Straight-Line Reciprocating Motion for Link-Supported 
Ram.-A horizontal ram located in an  atmosphere laden 
with abrasive material was required to have a straight- 
line reciprocating motion without being supported by ways 
or slides. The linkage devised to meet these requirements 
is shown in Fig. 4. Crank A and connecting-rod B impart 
the required reciprocating movement to ram 6. In order 
to confine the motion to a straight path, four links D and 
two links E are  utilized. These links are  connected to 
ram C a t  the pivoting points F and G, the whole linkage 
mechanism being swiveled a t  the four stationary bearings 
H. All bearings are  sealed to  protect them from the abra- 
sive material. 

Links D and E are of such proportions that their centers 
F and G move in a straight line; and since the ram is con- 
nected a t  these points, it also moves in  a straight path. 
Links E are  approximately 38 per cent as  long a s  links 
D, and the stroke of the ram does not exceed 65 per cent 
of the length of links D. This limitation on the length of 
the stroke with respect to the length of the links is neces- 
sary because points F and G only move in a straight line 
within a certain distance, beyond which they begin to move 
in a curved path. 

Gear and Link Mechanism for Synchronized Horizontal 
rnd Vertical Motion.-The mechanism shown in Fig. 5 
was designed to move work horizontally t o  a position where 
a vertical lift ia applied. Referring to the illustration, the 
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work X is to be moved in the direction indicated by the 
arrow A. Upon reaching position 2, the work is raised, 
aa shown by the arrow B. 

The horizontal pushing plunger C is attached to a slide 
D, which moves along two rods E when pulled by the 
lever F through the medium of the connecting link H. A 
crank J, rotating with gear K, operates in a slot L in the 
lever F, thus moving the lever so a s  to actuate the plunger 
slide to the right and left. Lever F is secured by means 
of a pivot to a stationary sleeve M, which is attached to 
a tie-rod in the base of the machine. 

Gear K is driven by gear N in which there is a cam 
groove P. The purpose of the cam groove is to operate 
the bellcrank lever Q, which is attached by a pivot to the 
fixed bracket R. The movement of the bellcrank lever 
causes the lifting plate S to be carried up or down on 
the rod V, which is connected to the bellcrank lever by 
means of the linkage shown a t  T. Bearings a t  W and Y 
guide the lifting rod. 

Timing of the horizontal and vertical movements rela- 
tive to each other is accomplished by proportioning the 
slot L in lever F so that the forward movement of the work 
in the direction of arrow A is accelerated and then decel- 
erated gradually as  the crank J travels in the slot. A quick 
return stroke is provided by the angular section of slot 
L. The cam groove P in gear N is so positioned that lift- 
ing of the work a t  Z takes place during the return move- 
ment of lever F and plunger C. 

Mechanism with Two Reciprocating Slides Driven from 
One Crankpin.- On a wire forming machine, a reciprocat- 
ing motion was imparted to a sliding member by a crank 
disk to which i t  was connected by a pitman rod. Owing 
to a change in the design of the product, i t  became neces- 
sary to add another sliding member, which would carry the 
original sliding member. The added sliding member had to 
be given a reciprocating motion relative to the original 
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sliding member, both motions being transmitted from 
the same crankpin. This was accomplished in a com- 
paratively simple manner, as shown in the accompany- 
ing illustrations. 

Referring to the left-hand diagram in Fig. 6, the disk 
D, rotating in the direction indicated by the arrow, imparts 
a reciprocating motion to the slide C through the crankpin 
I and the pitman rod E. This constituted the original 
movement before any changes were made. The slide B, 
which was added, has a dovetailed base which is a sliding 
fit in a dovetail groove in member A of the machine, and 
carries the part  C which is similarly mounted in  slide B. 

The lever G, pivoted on crankpin I, is connected a t  one 
end to the link H by the stud K, and a t  the other end to  
the pitman F by the stud L. Pitman F i s  connected to  
slide B, and pitman E to slide C, each transmitting the 
motion received from lever G, which is actuated by crank- 
pin I. Link H is pivoted on stud J, which is stationary on 
member A. 

In the left-hand diagram of Fig. 6, crankpin I is shown 
a t  the top dead center position. A t  this point of the cycle, 
slides B and C occupy the relative positions indicated by 
the dimension X, measured through the centers of the 
studs. In the center diagram of Fig. 6, crankpin I is shown 
a t  the bottom dead center. As lever G is operating in  the 
third order, the greatest movement takes place at the 
work end, or  a t  stud L. By virtue of this action, slide B 
is given a greater downward movement than slide C. The 
relative positions of the slides B and C are shown by the 
dimension Y, which is greater than dimension X, Fig. 6, 
left-hand diagram, indicating the difference in the move- 
ments of the two slides B and C. 

In the right-hand diagram of Fig. 6, crankpin I is shown 
in the position it occupies after completing three-quarters 
of the cycle. This illustrates the action of link H, the 
purpose of which is to provide a floating fulcrum fo r  lever 
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G without resorting to a slotted member or other form of 
track for  stud K. 

Crank Motion with Rest Period.-A crank motion with 
a dwell or  rest period, designed for use on a wire forming 
machine, is shown in Fig. 7. This mechanism imparts a 
reciprocating movement to a part in the usual accelerating 
and decelerating cycle manner, except that a rest period 
is provided a t  one end of the stroke. 

Referring to the upper left-hand view, the disk A, rotat- 
ing in the direction indicated by the arrow, carries the 
bar B in  a slot in which the bar slides freely. Bar B is 
retained by a cover plate (not shown), and is held in its 
extreme outer position by the spring F, carried on a rod 
that passes through the block G. The nut on the end of 
this rod restricts the movement of bar B, and is used for 

Flg. 7. Cmnk Drlva for RdprocoHng Slid. that P d d u  Dvdl ot OM End 
of Stroka. 

making slight adjustments. Bar B is connected at ita 
outer end with the rod D, which, in  turn, is connected to 
the rod E to  which the reciprocating motion is to be 
imparted by rotation of disk A. 

The roller C, lower view of Fig. 7, carried on the under 
side of bar  B, makes contact with the guide H during a 
portion of the cycle. Guide H is adjustably mounted on 
the stationary part  I of the machine. The contact surface 
of guide H i s  formed to an arc of a circle having a radius 
equal to the center-to-center distance of the studs on rod 
D plus half the roller diameter. 

Again referring to the upper left-hand view of Fig. 7, 
the rotation of disk A normally carries the center of roller 
C in the circular path indicated by the dot-and-dash circle 
concentric with disk A. However, a s  roller C contacts guide 
H, it cannot continue its normal path, but follows I he path 
of the face of guide H. As this surface is formed in the 
arc of a circle that has i ts center on the center of the stud 
connecting rods D and E, rod D a t  this point rotates on 
this center, and there is no movement of rod E until roller 
C again leaves guide H. This causes a shortening of the 
stroke equal to the distance shown between the two arcs, 
and produces a rest period for  rod E equal to the angle X. 

Positive Crank Motion that Causes Slide to Dwell at 
Both Points of Reversal.-The use of a cam of ungainly 
size was avoided in the design of a wire-forming machine 
by employing a rather ingenious crank motion that pro- 
duces a dwell a t  each end of its stroke. The mechanism 
employed i s  shown in Fig. 8. It imparta a relatively long 
stroke (6 inches) to a slide, and produces a dwell a t  each 
end of the stroke. The movement i s  positive and smooth. 
The compact nature and simplicity of the design may 
suggest i ts  application to other typea of machines requiring 
a similar movement. 

The crank indicated at A is mounted on the drive shaft 
B, the latter being supported in the stationary bearing C. 
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A roll D engages the two grooves E and F in the driven 
slide G, which is mounted on the machine frame H. Posi- 
tive action of the roll in passing from one groove to the 
other is assured by the switching arm J. This arm is 
secured to  stud K, which is a free turning fit in the slide. 
It  will be noted from Fig. 8 that the face of the roll is 

Flp. I. Cmnk Motion that Reciprocoter Slide, Allowing Dwell ot Each Point of R e v w ~ l .  

long enough to engage both the groove and the arm. 
Normally, the arm is held in the position shown by the 
torsion spring L, which forces the right-hand end of the 
elongated slot M in the arm against the pin N in the slide. 

As the drive shaft rotates in the direction indicated by 
the arrow, the roll is guided by the arm into groove E. 

Since the radius of this groove coincides with the radius of 
the path of roll D as  crank A is rotated by the drive shaft, 
no motion of the slide will result and, consequently, the 
slide will have the required dwell a t  this end of the stroke. 
When the roll reaches the lower end of this groove, how- 
ever, it pushes the arm J around in a counter-clockwise 
direction until the left-hand end of slot Al engages pin N. 
In this way, the lower end of the a rm forms a part of a 
continuous groove leading from groove E into the vertical 
groove 0; and as the crank continues to rotate, the slide 
is carried toward the right to the end of i ts stroke. At 
the middle of this stroke, the roll is at its lowest position, 
at  which time the lower end of the arm clears the roll. 
This allows the spring L to force the arm back to the normal 
position shown, so that a continuous groove leading from 
groove 0 to groove F results. 

When the slide has reached the end of its stroke toward 
the right, the roll enters the concentric groove F, allowing 
the slide to dwell until the roll reaches the top of this 
groove. At this point, the roll engages the arm, forcing 
its upper end toward the left, so that  it serves as a guide 
for transferring the roll to the vertical groove P. Con- 
tinued rotation of the crank causes the slide to move 
toward the left to the position shown, the switching action 
of the arm being identical to that which took place a t  the 
bottom of the slide when the roll entered and left groove 0. 

It is possible that this mechanism would operate with- 
out the switching arm, but the action would not be certain. 
That is, the roll would be likely to jam a t  either point of 
reversal should the slide be accidentally displaced. More- 
over, the impact of the roll, a t  each point of reversal against 
one corner of each of the grooves 0 and P would certainly 
damage the faee of the roll or  the groove corner. In  addi- 
tion to these disadvantages, a jerky action would be ob- 
tained a t  the points of reversal, which is absent when the 
switching arm is used. 
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Double Reciprocating Mechanism with Displaced 
Operating Positions.-The mechanism shown in Fig. 9 
was developed to produce two distinct reciprocating move- 
ments of the feeding rod S. The limiter of each of the recip- 
rocations are identical, the difference being in the rela- 
tive positions of the rod when the reciprocations take place. 
The action is best described by referring to the d iagram 

Flg. 9. M*chonlrm for Producing Rrclprocoting Mov*m*nh of Rod S i n  Two Mffmrmt 
Podtion& At Lower Rlpht ore Shown Form ond Positions of G.sn K and L at Two 

Momenh in Paltlon 1. 

which show the movemente in the two reciprocating posi- 
tions. The diagram below rod S designated Position 1 
represents one reciprocating movement starting at a point 
marked 1, extending to 2, and finally returning to 3. When 
the mechanism is displaced, so that the upper end of rocker 
H occupies the position indicated by dotted lines in Posi- 
tion 2, the reciprocation starts a t  4, extends to 5, and 
comes to rest at 6. This sequence of movements may be 
likened to the movements of a crank whose entire struc- 
ture can be displaced or moved from Position 1 to  Position 
2, thereby giving the same reciprocating movement at two 
distinct points or positions separated by a definite distance. 
Provision is also made for time adjustment between the 
reciprocations. 

The mechanism is actuated by gear A, which drives 
idlers B, the latter, in turn, driving the gears C on the 
studs D, in the main plate E of the machine. Gears C 
are provided with gear segments F and G. A slot in  the 
gear segments permits adjusting their positions on gears 
C to produce a definite relation between the positions of 
the two segments in their continuous rotation with the 
gears. 

The rocker arm H is pivoted on the stud J and is f ree to 
oscillate between gears C. Two mutilated gears K and L 
are fastened to the shaft M by pin N. In  order to retain 
shaft M in place on the rocker a rm R, the link or crank- 
arm 0 is  fastened to the shaft M by pin P. Crank 0 i s  
provided with the guide pin Q which fits into the con- 
centric slot R in the rocker-arm head. Crank 0 i s  con- 
nected to the reciprocating rod S through the connecting- 
rod T. 
The spring U furnishes the necessary tension between 

a collar V, fastened to rod S, and the bearing block W, 
which is a par t  of the main plate E. The cam X actuates 
rocker arm H between the gears C. A roller Y at the end 
of the rocker arm fits in the alot of the cam and pro- 
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duces a simple oscillating motion of the rocker arm. The 
bearing blocks Z support cam X. 

The functioning of the mechanism is controlled by cam 
X. The cam is so designed that one revolution is necessary 
for a complete cycle of the reciprocating member S. One 
cycle consists of starting in Position 1 and returning finally 
to the same position. The cam can be given any irregular 
shape or form necessary to give any time cycle required cf 
the reciprocating mechanism. 

The mutilated gears K and L are alternately brought 
into contact with the gear segments F and G, which are 
displaced in such a manner as to make contact with their 
respective mutilated gears. Fig. 9 shows the form and 
relative positions of the mutilated gears a t  two moments 
in Position 1. First, the gear segment F is in contact with 
gear K a t  a ready to rotate the unit. The position of gear 
L should be noted a t  this time. The next view shows the 
gear segment F after i t  has completed its driving move- 
ment of gear K and is passing away from i t  a t  b. The 
changed position of gear L a t  this point should be noted. 
Gear L is now in such a position that when the rocker arm 
H is moved to Position 2, gear segment G can be engaged 
with it and made to produce a reverse rotation of gear L, 
returning link 0 to the upper part of the rocker-arm head 
and thus completing the reciprocation for Position 2. 

It will be noted that points 1 and 3, as well a s  points 
4 and 6, shown in the two position diagrams do not coin- 
cide. This is due to the fact that the slot R, subtending 
an angle of 180 degrees, combines with the angularity of 
rocker H to produce a slight difference in positions. How- 
ever, this difference is necessary in the process to which 
the mechanism is applied. I t  is interesting to note that 
by slightly extending the slot a t  each end, the difference 
can be eliminated, and the points 1 and 3, as  well as 4 
and 6, can be made to coincide. 

An interesting feature of the mechanism is that i t  prc, 

vides a wide range for the timing of the interval between 
reciprocations. The timing is controlled by cam X, which 
ia so interconnected with gears C tha t  their positions are 
in a definite relation to the position of the cam X at all 
times. With the cam rotating intermittently, so that there 
is a sufficient pause in each position of rocker arm H to  give 
the segment gear time to  complete i t s  function, there will 
be a definite time interval between reciprocations, dependent 
upon the relative positions of the two gear segments on 
their respective gears C. The interval can be varied by 
alternating the gear segments and bringing them closer 
together or  spacing them farther apart. 
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CHAPTER 9 

Variable Stroke Reciprocating Mechanisms 
Means of adjusting the length, speed or timing of the 

reciprocating stroke are provided in mechanisms described 
in  this chapter. Part of the stroke may be accelerated or 
retarded or the reciprocating motion may have a con- 
stantly varying length of stroke. Variation in the length 
of successive strokes may be obtained in one of the mech- 
anisms described, while another provides a means of ad- 
justing the length of stroke during operation. A mech- 
anism for varying the stroke of a toggle-lever press is 
described. Another interesting arrangement is a double- 
lever mechanism for obtaining a variably controlled range 
of action from a single cam. 

Adiustable Oscillating Mechanism for Reciprocating 
Movement.-The length of stroke of a reciprocating mem- 
ber on a wire-forming machine required occasional adjust- 
ment to suit changes in the product. The reciprocating 
movement on this machine was obtained by the cam-operated 
oscillating lever shown in Fig. 1 a t  B, rod J being used to 
impart the required movement to the reciprocating member. 
The cam D rotates in the direction indicated by the arrow, 
the roller C on lever B being in contact with the cam 
surf ace. 

Lever B fulcrums on stud G, which is located on the 
upper end of the short lever A, the latter, in turn, fulcrum- 
ing on stud H. The lower end of lever B has an extension 
which is acted upon by the spring F. Normally, this 
spring serves to keep levers A and B in alignment. The 
stop-screw E in a lug on a stationary part of the machine 
limits the movement of lever A. 

In the view to  the right, the roller C is shown in contact 
with the middle portion of the lobe on cam D, the rise 
from the lower lobe of the cam being accomplished while 
levers A and B operate on stud H as a unit. As the upper 
lobe of cam D reaches roller C, continued movement causes 
screw E to make contact with lever A, preventing further 
movement of the latter lever, so that lever B then fulcrums 
on stud G, a s  indicated in the view to the left. The change 
in the ratio of leverage increases the movement of rod J, 

Fig. 1. Cam-0p.rat.d Ouillatlng Lever with Stmko Adjurtmont, 
Uned to Obtain Reclprocatinp Motlan. 

as controlled by the setting of atop-screw E. Roller C is 
held in contact with cam D by a spring which acts against 
the working end of rod J. 

Mechanism for Varying Speed of Slide.-On a certain 
type of forming machine it was necessary to modify the 
action of the reciprocating slide carrying the metal-tape 
forming tools, so that a part of the forward and return 
stroke of each cycle of slide movement could be increased 
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radial position, and is deep enough to insure free working 
of the roller as bellcrank lever F swings on its fulcrum G. 

It will be seen that the rim of tho cam-plate is built up in 
diameter for a short distance a t  the right-hand side of the 
slot 0. The roller J is normally held in contact with the rim 
portion of the cam-plate a t  the left of the slot, being main- 
tained in this position by the stepped portion P of the boss 
at the end of lever C. The straight side of this step is so 
arranged as to bear against the left-hand side of the bell- 
crank lever F. In this position, sufficient clearance must be 
left between the step and the side of the lever to permit the 
roller to rotate freely. 

In  operation, commencing the cycle of movements from 
the position shown in the left-hand view, shaft A is oscil- 
lated toward the right, carrying with i t  the lever C, and 
this, in turn, carries along a t  the same speed the bellcrank 
lever F and the connecting-rod attached to the slide. 
Throughout this stage the roller J runs along the circular 
rim of the cam-plate L in advance of the slot 0. Thus the 
driven slide is actuated a t  the same slow speed as  the driv- 
ing shaft. 

This slow speed will continue until the roller reaches the 
slot 0 in the stationary cam-plate. As soon as this point is 
reached, the roller passes down the slot, and continued 
movement of lever C causes the bellcrank lever F to be 
swung round on its fulcrum stud G, thereby imparting to 
the connecting-rod a movement a t  an increased speed- 
greater than that possessed by the rod during the first stage 
of its movements. The point of the start of this rapid rate 
of speed is shown in heavy broken lines superimposed upon 
the left-hand view. When the roller is in radial line with 
the slot 0, the built-up side of the slot insures the correct 
entrance of the roller, which might not occur if the length 
of the slot sides were identical. 

The position of the levers a t  the termination of the clock- 
wise stroke of the shaft is shown in the right-hand view, 

from which i t  will be noted that the roller has passed well 
down the slot 0, and the bellcrank lever F is accordingly 
swung around its fulcrum stud. Thus the first half of the 
complete cycle of movements of the driving shaft A imparts 
a slow speed to the reciprocating slide, followed by a much 
quicker rate of travel throughout the later portion of its 
stroke. 

When shaft A starts the second half of its cycle by mov- 
ing backward toward the left, the driven slide will start off 
a t  a fast  rate, followed by a slower speed as  the roller J 
leaves the slot. Thus each cycle of motions affords to the 
slide two slow and two fast movements. 

By providing a simple means of adjusting the position 
of the cam-plate radially on its hub bearing, thereby alter- 
ing the position of slot 0 relative to the vertical center of 
the arrangement, the point of the beginning of rapid travel 
can be varied within appreciable limits. This provision can 
be secured by passing the retaining screws M through elon- 
gated slots in the bracket B, thus enabling the cam-plate to 
be shifted. This will entail the omission of the dowel-pins 
N, which can be used when the cam-plate does not have to 
be moved. 

This mechanism gives extremely smooth running and 
shockless transmission. It is simple, both in construction 
and design, inexpensive, and has simple means for changing 
the timing and duration of different speed rates for the 
driven slide. 

Variable Reciprocating Motion.-A reciprocating mech- 
anism employed on a wire fabricating machine to convert 
a uniform motion into a variable motion is shown diagram- 
matically in Figs. 3 and 4. The reciprocating motion was 
required to meet conditions of operation resulting from a 
change in the design of a certain part of the machine. Orig- 
inally, the reciprocating slide, traversing a stationary part 
of the machine, was given a uniform motion, coming to rest 
at  a predetermined point. 
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Owing to the change in the part referred to, which re- 
duced the clearance space available, i t  became necessary to 
retard the movement of the slide during a portion of its 
travel without changing the relative time a t  which the slide 
reached its ultimate position. This was accomplished by 
dividing the slide into two parts A and B, and introducing 
the levers C and D. 

Referring to Fig. 3, slides A and B are dovetailed into a 
stationary part  of the machine. Slide B, which is given a 
uniform reciprocating motion, carries the roller F which 
contacts with lever D, mounted on a fulcrum stud a t  the 
left. Slide A carries the roller E, which contacts with lever 
C mounted on the fulcrum stud to the right. Levers C and D 
are in contact a t  one point of their convex edges. 

As slide B moves in the direction indicated by the arrow, 
its mction is transmitted through roller F to lever D, which 
is caused to pivot on its fulcrum stud. The motion of lever 
D is transmitted to slide A through lever C and roller E. It 
will be noted that D acts as  a second-class lever on the end 
of lever C, which, in turn, acts a s  a second-class lever on 
roller E. Since i t  is a characteristic of the second-class lever 
to transmit the motion of the power member to the working 
point a t  a reduced speed and length of travel, i t  is obvious 
that slide A, a t  this point, is moving more slowly than slide 
B, thus providing the required clearance a t  the f a r  end of 
the slide .A. 

As continued movement of slide B causes levers C and D 
to change their relative positions, the lengths of the lever 
arms are constantly changing, so that  slide A is given an  
accelerated motion which, however, is less than the move- 
ment of slide B. As levers C and D change their relative 
positions, they eventually arrive in positions in which the 
contact points between rollers E and F and the levers lie OR 
the same straight line. At  this point, slide A is momentarily 
traveling a t  the same speed as  slide B, since the motion is 
transmitted by direct contact, there being no lever action 
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a t  this point. Further movement of slide B results in a con- 
tinued acceleration of the speed of slide A, which is then 
moving faster than slide B. This is due to the fact, as  shown 
in Fig. 4, that C and D are acting as third-class levers. 

It will be noted that there is no change in the relative posi- 
tions of slides A and B a t  the two extreme positions, indi- 
cating that the length of travel of slide A is equal to that of 
slide B. The ultimate effect of this arrangement is that of 
a continuous slide, with the added advantage of a retarded 
movement a t  the point where clearance space is required. 
Slides A and B are returned to their original positions by a 
spring (not shown). 

Variable-Stroke Mechan~sm for Graduating Feed-Screw 
Dials.-The variable-stroke mechanism shown in Fig. 6 
moves the head T up and down in synchronism with the in- 
dexing movement of the drum D, which stops the downward 
movement of the head as required for the production of the 
three different lengths of graduation lines on the work or 
dial A. The dials thus graduated are used on the cross-feed 
screws of turret lathes. 

Referring to the illustration, the cutter-head T is actuated 
by the lever G and the connecting link J, which enters the 
sleeve H, in which it is securely held against the spring L 
by means of the spring K. The roll P a t  the lower end of 
sleeve H contacts with cam M, mounted on the main drive- 
shaft 0. With this arrangement, the cutter-head T makes 
a full stroke a t  each revolution of the drive-shaft 0 and 
cam M. 

The lengths of the graduation lines on dial A are con- 
trolled by the hardened steel circular drum or anvil D which 
comes in contact with the projection F on the sliding head 
T and thus interrupts the downward movement. While the 
cutter C is clear of the work, the anvil D is indexed by means 
of cam S on the main drive-shaft. Ten strokes of the cutter- 
head are required to complete the lines on one main division. 
Ten teeth, such aa shown a t  R, are  provided for  indexing 
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the anvil one complete revolution. Four of the strokes are 
interrupted a t  the short lines by the top face E of the anvil. 

At the fifth indexed position, a slot Q in the face of the 
anvil receives the projection F, thus lengthening the stroke 
for  the intermediate graduation line. A slot V, similar to 
the one a t  Q but diametrically opposite, allows the projec- 
tion F to descend far  enough to cut the longest gradu- 
ation line. 

The compression of spring L compensates for the various 
lengths of line. This spring also forces the cutter-head 
downward as sleeve H is lifted by cam M. Spring K serves 
t o  return the cutter-head to its uppermost position after the 
completion of the downward stroke. The faceplate B is in- 
dexed by a separate mechanism (not shown), which is prop- 
erly synchronized with the variable-stroke mechanism. 

Irregular Reciprocating Motion.- On a machine for 
manufacturing a wire product, i t  is necessary to guide the 
wire over a given path a t  an irregular rate of speed which 
decelerates toward the end of its travel. Although the re- 
quired motion could readily be secured by the use of a cam, 
i t  was desired to obtain it from a crank used to operate an- 
other unit of the machine. The four views E, F, G, and H 
in Fig. 6 show how this was accomplished. 

The crank A rotates in the direction indicated by the 
arrow, a reciprocating motion being transmitted to the 
slide-block C through the connecting-rod B. Gear teeth, cut 
i n  the large end of rod B, mesh with similar teeth on lever 
D, which is carried on block C. The wire being guided passes 
through a hole in the upper end of lever D. 

In operation, the mechanism starts with lever D in the 
position indicated in view E. The angular movement of con- 
necting-rod B causes lever D, by means of the gear teeth, to 
oscillate on its stud, so that the movement of the upper end 
of lever D is added to the movement of the block C as  pro- 
duced by the rotation of crank A, thus causing lever D to 
assume the position shown in view F. Continued rotation 

of crank A carries rod B to the horizontal position, causing 
lever D to return again to a vertical position, as  indicated 
in view G, the movement of the upper end of lever D being 
deducted from the movement of block C. 

Fh. b. Cmnk-opwdd ad. rWh kgmont Ckor Imr 
rh&h h Given Irrwu'or Reelproestlnq Motlon Throush 

kpment e a r  on Connoctlm~-rod. 
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A comparison of views E, F, and G indicates that during 
the first quarter revolution of crank A, the movement of the 
upper end of lever D is considerably greater than in the 
second quarter. In view H, which shows the mechanism a t  
the end of the third quarter revolution, the condition is the 
same as in view F, but in the reverse eirection. 

Cam Drive with Variable-Stroke Mechanism.- In order 
to obtain a variable-lift motion from a simple cam mechan- 
ism, the length of the follower lever D was extended and 
equipped with an eccentric stop G, as  shown in Fig. 7. With 
this arrangement, the stroke of lever D is lengthened o r  
shortened as required by adjusting stop G. Baseplate H 
carries rotating cam B, which is in contact with follower 
roller C, mounted in the locking lever D. Lever D rocks 
or  swings about pivot E and extends beyond follower roller 
C, terminating in a spherical end F, preferably made of 
fiber or laminated plastic material. End F is located oppo- 
site an adjustable eccentric G. 

FIs. 7. Mochonism for Obtaining o Vodabldift $bob 
by AdJustlnp Ecccntrlc Stop G 

The extension d connected to lever D is provided with a 
long slot along which connecting-rod K can be adjusted and 
clamped. Rod K connects lever D with slide T, which repre- 
sents the driven member. The position of slide T during 
the time in which the reciprocating motion is imparted to 
it by rod K can be changed by adjusting the driving pin in 
the slot in extension d. The length of the stroke can be 
changed by adjusting eccentric G. 

This effect is shown diagrammatically in the upper right- 
hand corner of the illustration. The maximum and mini- 
mum lifts of the cam are represented by dimensions h, and 
the maximum and minimum angular movements during 
which the lift movement occurs are represented by dimen- 
sions x. By adjusting the stop, the values of these dimen- 
sions can be changed from maximum to minimum and, in 
extreme cases, they can be reduced to zero. 

Variable-Stroke Mechanism for Toggle Lever Press.- 
Toggle lever presses and eccentric presses of the usual type 
have no provision for  adjusting the stroke, and only by ad- 
justing the length of the connecting-rod can the position of 
the ram a t  the end of the stroke be changed. With the new 
mechanism shown in Fig. 8, however, i t  is possible to make 
any desired adjustment of the stroke length while the press 
is running. 

The ram I is actuated in the usual manner by a connect- 
ing-rod H attached to lever G. The length of lever H can be 
varied by means of a screw, so that the ram can be located 
a t  any desired position a t  the end of the stroke. Between 
the free end of lever G and the swinging lever D which has 
a Axed bearing in the press body, there is a short member 
F and a longer member C. To obtain a positive movement, 
point J on member C is compelled by member E to follow a 
circular path. 

A rotating crank A drives member C by means of a con- 
necting-rod B. The stroke adjustment is accomplished by 
means of the lever E. Lever E has the form of a quarter 
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sector provided with holes that correspond with other holes 
in the press body. By changing the bolt K on which lever E 
swings to one of the other holes in the press body, the length 
L of the ram stroke will be changed. The position of the 
ram a t  the end of the stroke, however, remains the same. 

The members D, C, and F being located in nearly the 
same vertical plane, as shown in the illustration, then exert 
the maximum pressure on the ram. In the actual design, 
sector E is replaced by a worm-wheel which permits regu- 
lating the position of bolt K on which lever E is pivoted. 
With this arrangement, the bearing or bolt K can be moved 
on a circle around the center of the worm-wheel which 
coincides with point J. 

no. r VO~OY-*. MH(HII/UI) t ~ l  T- b 

The three views in Fig. 9 show the mechanism with the 
bolt K of member E located in three positions which give the 
maximum, medium, and minimum strokes. Precise adjust- 
ment of the stroke can be made before the press is started 
or while it is running. The crank A rotates through a com- 
plete circle. With clockwise rotation, the arc for  the down- 
ward stroke is larger than for the return stroke ; this results 
in the downward speed being somewhat reduced. Reducing 
the length of the stroke, in turn, reduces the time required 
for the downward movement. 
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Variable-Stroke Mechanism with Adiustable Crankpin.- 
Fig. 10 shows an  interesting design fo r  a variable-stroke 
mechanism that  was devised as part  of the development of 
a feeding arrangement. The device consists of a crankpin 
wheel A which is provided with an integral ahaft supported 
in a bearing in the plate B. A alot is accurately milled in 
the face of wheel A to accommodate the movable eccentric 
crankpin block C. 



230 VARIABLE STROKE RECIPROCATING MECHANISMS 
vARLABLE STROKE lU3CIPROCATING MECHANISMS 231 

Block C is provided with rack teeth which mesh with 
pinion D. The pinion is an integral part of the shaft E 
which extends through a bore in the shaft of wheel A. A 
locking disk F is fastened to the shaft of wheel A by two set- 

Fig. 10. Muhonlsm for Varying t h e  Strolu of a Rulprocatlmg Motion. 

screws G. The adjusting disk H is fastened to shaft E by 
pin J. Disks F and H are locked together by screw K. 

The eccentric movement is transmitted through link L 
to the pusher M. Studs N and 0 serve to connect the ends 

of link L their respective members. The wheel A is 
arranged in position below a table top Q. 

The operation is quite simple. Power is transmitted 
through a system of gears, not shown, to the gear that is an  
integral part  of wheel A. The eccentric location of stud N 
produces the required reciprocating motion in the pusher M 
through link L. To adjust the eccentricity, thumb-screw K 
is loosened and disk H is turned slightly in the direction 
required to produce the necessary eccentricity. The adjust- 
ment is transmitted through pinion D to the gear rack on 
the eccentric block C. 

The pinion and rack are so constructed that they mesh 
with practically no free motion. Disks F and H are of a 
large diameter and are provided with graduations. The 
adjustment of the disks relative to each other results in a 
correspondingly small movement of pinion D and block C. 
This feature, coupled with the elimination of free motion in 
the linkage and gear teeth, produces a very accurate adjuat- 
ment of pusher M. 

Variable-Stroke Mechanism that Can be Adiusted 
While Operating.-The principle of mechanically shifting 
the crankpin to increase or decrease the length of the stroke, 
as  employed in the variable-stroke mechanism just de- 
scribed, was applied to machine shop shapers sixty o r  more 
years ago. In the shaper applications, a screw was used in 
place of the gear and rack incorporated in the more recent 
design for changing the position of the crankpin. 

A means of changing the stroke of a crank has been de- 
veloped so tha t  i t  can be employed to make adjustments 
while the mechanism is in operation. With this improved 
design, shown in Fig. 11, the stroke can be adjusted to any 
length within close limits from zero to the maximum length 
for which the mechanism is designed. 

Referring to the illustration, driving gear B is keyed to 
driving shaft  A. When gear B makes one revolutiolk, it 
causes bevel Rear J, which carries crankpin K, to make one 
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revolution. Driving shaft A extends through the differen- 
tial gear assembly to the bearing 0, but is reduced in diam- 
eter to accommodate the small bevel gears F. 

The bevel gear C is keyed to driving shaft A. Worm-gear 
M carries two bevel gears D and E on studs fastened within 
its rim. Worm-gear M and bevel gears F have a free bear- 
ing on shaft A. Worm L engages the worm-wheel, and, un- 
less turned by means of its handwheel, remains stationary, 
in which case bevel gear C transmits its motion through 
bevel gears D, El and F to gear G. Gear G is keyed to sha f t  
H, to the upper end of which is keyed the small gear I t h a t  
is in mesh with rack teeth cut in sliding bar N which carriea 
crankpin K. 

Pip. 11. Mechanism for Drlving Cmnkpln K from S h d  A, rLkL tuYr Threw 
or Dirtonce of Crankpin from Center of Its Sho* h k MI- WU). 

Muhanism is In 0p.raH.n. 

When shaft A makes one revolution in the direction indi- 
cated by the arrow, gear J also makes one revolution. Si- 
multaneously, the small gear I makes one revolution in the 
same direction as J, the result being the same a s  though 
gears I and J were fastened together. Any movement of 
the worm-wheel M by means of its handwheel, however, will 
cause gear I to revolve either slower or faster than gear J, 
depending on the direction in which the handwheel is turned. 
This increase or decrease in the speed of gear I will cause 
bar N to slide in or out, thus changing the radial position 
of crankpin K relative to the center of gear J and permit- 
ting the desired length of stroke to be obtained. 

Exact setting for a given length of stroke is facilitated 
by a graduated dial on the handwheel. If the mechanism is 
required to operate a t  a fairly high speed, a specially de- 
signed double sliding bar would have to be substituted for 
elide N in order to keep the revolving unit properly balanced 
when adjusted to any stroke within its capacity. 

Variable-Stroke Toggle-Lever Mechanism for Press.- 
The stroke of most presses operated by an  eccentric cannot 
be changed, because the amount of eccentricity is iixed. 
However, only a slight adjustment of the position of the 
top bearing of a toggle-lever press is required to obtain a 
considerable range of adjustment in the length of the stroke. 
Crank A of the toggle-lever press mechanism shown in Fig. 
12 transmits motion to toggle levera C and D by means of 
connecting-rod B. 

The upper lever ia located in a bearing F on a slide G 
which can be moved or  adjusted in a horizontal direction 
at right angles to the direction in which the press ram 
moves. The adjustment of slide G is effected by a handwheel 
which operates an  adjusting screw. Thus the rigidity of the 
presa body i s  not impaired by the adjusting device. The 
positions of the preaa ram a t  the ends of ita stroke can also 
be adjusted by means of the screw E and wedge H without 
changing the length of the stroke. The press - operating 



234 VARIABLE STROKE RECIPROCATING MECHANISMS VARIABLE STROKE RECIPROCATING MECHANISMS 236 

Cig. 12  Topple-lovw Mrhanlrm h l g d  h PwmW Adldmmnt 
ot Posltlon and Length of Pfcrr Ram Umk.. 

mechanism described, which is the invention of W. Klocke, 
is covered by a British patent. 

Variable-Stroke Cam-Actuated Mechanism.-The prob- 
lem of providing a means for obtaining a variably controlled 
range of action from a single cam arises frequently in the 
design of various types of machines. The double lever mech- 
anism, shown in Fig. 13, is simple, compact, and well adapt- 
ed for solving problems of this kind. In its simplest form, 
it consists of a cam A and two levers B and C, pivoted on 
fixed centers and interlocked by a movable pivot stud D, 
which can be adjusted to vary the relative lengths of the 
active lever arms. One of the levers bears against the cam 

face while the other imparts the required reciprocating 
movement to the rotating cylinder E, 

Cylinder E is free to slide axially on the main shaft F to 
which it is keyed. A cylinder cam A is fastened to shaft F. 
The roller follower G which fits the cam groove is mounted 
on the bellcrank lever B which swivels about the fulcrum 
stud H. Roller I, which fits the groove in cylinder E, is simi- 

~- ~ 

Fig. 13. Muhonlrm for Rulprocatln~ Cylinder E on Shaft F. 

larly mounted on bellcrank C that pivots on the fulcrum 
shaft J. The stud D carries a rectangular block K which 
slides in the wide slot L in bellcrank C. Stud D can be 
clamped in any desired position in slot M in bellcrank B. 

When stud D is clamped midway between the two fulcrum 
points or studs J and H, the lever arms are of equal length, 
and consequently the axial movement imparted to  the cylin- 
der E is equal to the throw of the cam. To increase the 
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movement of the cylinder, stud D is shifted toward fulcrum 
J. To decrease the movement of the cylinder, the atud is 
shifted toward fulcrum H. Not only can extremely fine 
variations of movement be obtained with this mechanism, 
but any desired range of movement can be obtained by 
properly proportioning the lengths of the slotted lever arms. 

With this mechanism, complex movements are obtainable 
that might otherwise require elaborate mechanisms by mak- 
ing the fulcrum points adjustable, providing means for 
varying the position of the sliding block during the operatc 
ing cycle, or substituting a cam of auitable curvature for 
the atraight groove in cylinder E. 

Mechanism for Producing Variable Reciprocating 
Movement.-A mechanism designed to produce a recipro- 
cating movement of constantly varying length of stroke, 
constructed for use on a wire weaving machine, is shown 
in the accompanying illustrations. It was desired to pro- 
duce an irregular pattern of no definite accuracy in the 
woven wire product, the main requirement being that the 
"repeat" patterns be identical. To produce the desired pat- 
tern, i t  was necessary that the length of travel of the recip 
rocating work-head vary throughout the repeat movement. 
By means of the mechanism illustrated, the work-head is 
given a gradual, but not uniform, increase and decrease in 
the length of stroke. 

Referring to the left-hand diagram of Fig. 14, the drive- 
shaft A is carried in bearing I, attached to a stationary part 
H of the machine. Gear B is keyed to shaft A, and rotates 
in the direction indicated by the arrow. The hub on one aide 
of bearing I is machined to support the lever J ,  which ia 
free to oscillate on the hub. Lever J carries the gear C, 
which is free on its stud and meshes with gear B. Gear D 
rotatea freely on the stud at the end of lever J, and meahea 
with gear C. 

The connecting-rod F la attached to gear D by the stud L, 
and to the work-head G at the opposite end. The connecting- 
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rod E is attached to gear C by stud K a t  one end, and to the 
stationary part H a t  the other end. Gears B and C have the 
same number of teeth, while gear D has one more tooth. 
On the machine as constructed, gears B and C each have 
thirty-six teeth, while gear D has thirty-seven teeth, the 
effect being to maintain a constant definite relationship be- 
tween gears B and C, and a constantly varying relationship 
between C and D throughout the cycle. 

In  the left-hand diagram of Fig. 14, the work-head G is 
shown at its extreme left-hand position. Gear B, rotating 
in the direction indicated by the arrow, causes gear C to 
rotate in  the opposite direction. The rotation of gear C 
causes stud K to  change its position so that lever J is moved 
o r  pivoted to the right, the extent of the oscillation being 
determined by the diameter of the circular path of stud K, 
as measured horizontally 04 the line of travel of the stud 
carrying gear C. 

The rotation of gear C causes gear D to rotate on its stud 
in the direction indicated by the arrow, and as stud L rotates 
around the center of gear D, the radius of rotation is added 
to the horizontal movement of the upper end of lever J. As 
gears B and C have the same number of teeth, lever J passes 
through one cycle of oscillation to each revolution of gear 
B, but as gear D has one tooth more than gear C, i t  does not 
complete a full revolution to each revolution of gear B, and 
stud L, therefore, has not quite reached its extreme right- 
hand position, as is shown in right-hand diagram of Fig. 14. 

This diagram shows gears B and C revolved one-half 
turn from the positions shown in the left-hand diagram of 
Fig. 14, but gear D is one-half tooth short of having com- 
pleted a half turn. The line X-X drawn radially through 
the centers of gear D and stud L indicates the position which 
gear D occupied in the left-hand diagram of Fig. 14. The 
line Y-Y, similarly drawn, indicates the present position 
after the half-turn of gear B. Although the movement of 
stud L has been added to the movement of the upper end 

of lever J, the added movement is slightly, though negligibly, 
less than would be the case if gear D had completed a half- 
turn. Thus, with each rotation of gear B, there is one tooth 
epace difference in the relative position of gear D, and a 
corresponding difference in the position of the work-head G 
a t  the ends of its stroke. 

The left-hand diagram of Fig. 15 shows gear B after hav- 
ing completed four revolutions. Gear C likewise has com- 
pleted four revolutions, lever J and rod E occupying the 
same positions as  the left-hand diagram of Fig. 14. Gear D, 
however, is the equivalent pf four tooth spaces short of hav- 
ing completed four revolutions, and the stud L has not 
reached its extreme left-hand position. The travel of the 
work-head G to the left, therefore, has been decreased a t  
this point to a distance equal to the horizontal distance be- 
tween the original and the present position of the stud L, 
represented by the dimension 2. 

In the right-hand diagram of Fig. 15, lever J occupies 
the same position as  in the right-hand diagram of Fig. 14, 
and the stroke of the slide or work-head G to the right has 
been shortened by the distance W. Thus, with each revolu- 
tion of gear B, there is a decrease in the stroke of work- 
head G, until gear D has completed a half revolution on its 
stud, when the conditions are reversed and there is a grad- 
ual increase in stroke length until gear D has made a full 
revolution, which completes a cycle or  "repeat" movement. 

Mechanism for Regulating the  Movement or  Pressure 
Applied t o  a Rod.-The device shown in Fig. 16 is de- 
signed to provide adjustable control over the travel or pres- 
sure applied to rod A. The normal actuating movement is 
obtained by having the end B of plunger C rock to a posi- 
tion B,, there being a spring return (not shown) for  rod A 
which keeps i t  back in a position to make contact with the 
end B of the actuating plunger. 

Plunger C is supported indirectly on a stud D that also 
carries a swinging block E, in which the plunger i s  free to 
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slide up or down as  required. The upward motion is ob- 
tained by raising the lever F through the medium of the 
link G operated from within the machine. Lever F pivots 
about the holding pin H and makes contact with a roll J 
attached to plunger C. There is a tension spring a t  K which 
holds the plunger C down against the lever F throughout its 
range of action. 

llo. 16. Muhonhm for Controllly Movomont 1mpart.d to Rod A by End I 
ot OIcillotlng Plun9.r C. 

When lever F raises plunger C, the entire swinging unit 
will rock back and forth without permitting the end B to 
strike rod A, as that portion X on the plunger will pass over 
the top of the rod. There is a n  ingenious arrangement for  
swinging the a rm E back and forth, which is provided with 
means for adjustably controlling the travel from the right 
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side of the mechanism, where the adjusting means is  acces- 
sible to the operator of the machine. 

Movement imparted to the connecting-rod L from within 
the machine in the direction of the arrow M pulls rod N in 
the same direction until the end B of the plunger meets 
resistance by coming against rod A, the fulcrum point for 
lever Q being about R as  a movable center. This throws the 
thrust of link P in the direction indicated by arrow S, where 
it is carried to the lever T, which has an end Z that makes 
contact with an adjusting screw W in an adjacent lever V. 
Lever V makes contact with the block Z1 attached to the 
machine bed. By adjusting screw W, the relationship be- 
tween the two levers T and V is changed, thereby control- 
ling within a limited range the action of B against rod A. 

Automatic Variable-Lift Cam Mechanism.-A variable 
reciprocating movement is imparted to the slide of a wire- 
forming machine by the automatic variable-lift cam shown 
in Fig. 17. The requirements in designing this machine 
were that the slide be given four different degrees of move- 
ment during the cycle and that the timing of the movements 
coincide with each revolution of the driving shaft. 

Referring to Fig. 17, shaft A, revolving in the direction 
indicated by the arrow, rotates the gear B, which is keyed 
to it. Gear E is free to rotate on shaft A, and carries the 
cam F, which is also free to rotate on the shaft. Gear E is 
revolved in a direction opposite to that of gear B through 
the idler gears C and D, which rotate freely on studs at- 
tached to a stationary part of the machine. The cam J is 
keyed to shaft A, and thus is caused to rotate with it. 

Cam J consists of a heavy disk, which is grooved to  carry 
the slide H, and a retaining plate, which is screwed to the 
disk. Slide H is shaped a t  its upper end to form the lobe of 
the operating cam. Roller G, which is attached to alide H, 
passes through a slot in the body of cam J and contacts the 
periphery of cam F. Slide H is slotted to permit ahaft A to 
pass through. Roller M on slide K follows cam J. 

When the mechanism is in the position shown, roller G 
is in contact with the high section of cam F. Gear E receives 
its rotary motion from gear B, reduced in the ratio of 1 to 
4 by virtue of the relative pitch diameters of the gear train. 
Cam F, being attached to gear E, also rotates a t  the reduced 
rate of one-fourth revolution to one complete revolution of 
shaft A. As cam F is provided with four sections, each with 
a different radius, one of the four surfaces will be brought 
into contact with roller G a t  each revolution of shaft A. 
Thus roller G, being attached to slide H, causes slide H to 
move to one of four positions, depending on the relative 
position of cam F, The slide K is thereby moved a distance 
equal to the distance which the end of slide H projects be- 
yond the periphery of the body of cam J. In operation, the 
outer end of slide H controls the movement of slide K, while 
the thrust of slide K reacts on cam F. 

Fl@. 17. Automatla Cam Moehanlsm whlch Olm o Varlablo-tlft Movament 
to tha Slide K. 
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Mechanism for Obtaining Variable Intermittent Oscil- 
lating or Reciprocating Movement.-The mechanism shown 
in Fig. 18 was designed to impart a rising and falling move- 
ment of magnitude, or height, S to roll G of lever F on a 
wire-forming machine a t  each revolution of the driving 
shaft A. (In the design shown, lever F is given an oscillat- 

no. 18. Automatic Corn Mechanlsrn which lmpom a Rise  to L.*.. I of M o p n l k d .  T 
every Sixth Revolution of Shaft A and of Magnitude S at the Intwmdlo). RevoluHom. 

ing movement, but if a slide were substituted for lever F, as 
in Fig. 17, a reciprocating movement would be imparted.) 
The mechanism is so designed that the magnitude, or height, 
of every sixth oscillation is approximately twice that of the 
five preceding oscillations, as indicated by the dimension T. 

The required movement is accomplished in a restricted 
space by means of two cams D and E. The drive-shaft A, 
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rotating in the direction indicated by the arrow, carries the 
gear B and cam D, both of which are keyed to shaft A. Gear 
B meshes with gear J, which is keyed to gear I, both rotating 
freely on a stud. Gear I meshes with gear C, which is keyed 
to cam E. Both gear C and cam E rotate freely on shaft A. 
Lever F carries a stud on which the two rollers G and H 
rotate freely and independently of each other. Cams D and 
E are of the same size and outline, but i t  will be noted that 
cam E provides a lift T which is practically twice the lift S 
of cam D. 

When the mechanism is in operation, cam D rotates with 
shaft A, transmitting motion to lever F through roller G. 
Gear B transmits rotative motion to cam E through gears 
J, I, and C, cam E transmitting motion to lever F through 
roller H. As the gear train consisting of gears B, J, I, and 
C is  in the ratio of 6 :1 with respect to the speed of shaft A, 
cam E acts on roller H once in six turns of shaft A. 

Thus, lever F is given five oscillating movements by cam 
D followed by a n  oscillation of greater magnitude imparted 
by cam E on the sixth turn of shaft A. On the following 
Afth turn, or  revolution, of shaft A, cam E arrives a t  the 
position shown by the dotted outline. On completion of the 
sixth rotation of shaft A, the position of cam E is that shown 
by the full outline, with the cam roller G raised to ita high- 
est position. 
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CHAPTER 10 

Mechanisms Which Provide Oscillating Motion 
In the mechanisms described, which produce an  oscillat- 

ing or back and forth rotary motion, there are  a number 
of special features : one mechanism produces rotation that 
is adjustable for various radii of curvature and will also 
produce straight line motion or reverse the curvature from 
convex to concave; several others impart greater or less 
angular movement to the driven shaft than that of the driv- 
ing shaft; another produces two oscillations of a shaft for 
each cycle of a slide; several mechanisms are described for 
transmitting oscillating motion from one plane to another 
a t  right angles to it. A means for providing interrupting 
control of oscillating movement is also described. 

Centerless Oscillating Motion.-Circular motion, such 
as rotation or oscillation, is usually obtained by means of a 
guide or constraining member that utilizes as  a pivot the 
center about which the circular motion takes place. This 
constraining member surrounds the pivot either wholly o r  
partially and causes the moving object to travel in a circu- 
lar manner about the center. In this case, the center must 
obviously be accessible. 

There are instances, however, where the center does not 
lie within the workable confines of a given specimen in 
which true circular motion is desired, and it is necessary for 
a sliding constraining member to be used that has been spe- 
cially formed to suit that particular curvature, or  one very 
close to it. Even though such a constraining member does 
permit some variation in the curvature, the range of differ- 
ences is comparatively small, because of difficulties in the 
practical application of the method. 

A mechanism that produces circular motion without re- 
gard to the center of the curve, that can be adjusted for a 
wide range of curves, and that produces genuine rotation, 
though through limited arcs, is shown in Fig. 1. This mech- 
anism is adjustable for various radii of curvature, from a 
curve of ordinary radius to one of infinity; it will produce 
straight-line motion or reverse the curvature from convex 
to concave. 

Although the motion is confined to limited arcs, the de- 
vice produces not merely revolution but rotation; that is, 
all points in the moving body travel in circular arcs about 
the same axis or the curve center C. The constraining ele- 
ments are simple straight-line slides that perform their 
functions according to the law of geometry pertaining to 
the location of the vertex of an angle inscribed in a circle. 

Referring to the illustration, A is the stationary base of 
the device, B the oscillating table, on which anything can 
be mounted for  whatever purpose the circular motion may 
be desired, as for example, machining a curved surface. The 
particular design represented in the drawing has clarity 
for its purpose rather than refinement in construction or 
action, and is therefore somewhat diagrammatic. 

For the sake of clarity, the illustration shows the mech- 
anism in that adjustment that places the center of motion 
C within the confines of the illustration. The top and side 
views show only half of the entire mechanism, the other 
half being a duplicate. The following description applies 
only to the half shown. 

From center C a circular arc of radius R may be passed 
through the four pivots D, E, F,  and G. These four pivots 
will remain on this circular arc in whatever position the 
table B may be placed. Two of the pivots, D and F ,  are 
stationary on the base A, and the other two, E and G, are 
on the table B. Since the latter two follow the circular path, 
as will be shown, i t  follows that the entire table will have 
a circular rotational movement. 
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The tahle B is supported by and attached to the base A 
by means of two sliding bar sets consisting of bars H and 
J and K and L, one of which is shown separately a t  M. Each 
of these sets consists of two bars H or  K and J or L, the 
shorter one, such as  H, being pivoted to  the middle of the 
longer one J. By means of the slotted arc, the shorter bar 
can be locked a t  any angle with the longer one within the 
range of the slot. One of these bar sets, H and J, is pivoted 
on the table a t  E ,  and the other, K and L, is pivoted on the 
base a t  F. 

The bars of these bar sets slide in swivel guides, two of 
which are located on pivots E and F in line with but op- 
posite to the pivots mentioned, and two more are located 
on pivots G and D. These guides are pivoted, respectively, 
in the table and base, as shown, and are  free to turn, so as  
to assume the positions required by the bars that slide 
through them. The two bars H and J of the set that is 
pivoted a t  E slide in the guides on pivots D and F, respec- 
tively. The two bars K and L of the set that is pivoted a t  F 
slide in the guides on pivots G and E, respectively. 

The action of the mechanism is as follows: The illustra- 
tion shows the device in the mid-position of its motion. The 
points D, E, F, and G, are equally spaced. Therefore the 
angles in the two bar sets must be equal. As the table is 
moved either to the right or left, the vertex E of the angle 
in the bar set H and J follows along the circular path in 
accordance with the geometry of the inscribed angle and 
i h  subtended arc. Then the triangle EFG of the other bar 
set K and L is congruent to the triangle DEF of the first 
set, and since E and F already lie on the circle, it follows 
that G also lies on the circle by the same law of geometry. 
From the fact that  the two points E and G of the table move 
in a circular path around the center C, it follows that the 
entire table rotates about this center. 

The location of the center C and the corresponding radius 
of curvature depend on the angular adjustment of the bars 
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in the slide bar  sets, both of which must be alike-the 
smaller the acute angle the greater the radius. When the 
bars are in a straight line, the radius is infinite and the 
motion is in a straight line. If the angle is changed still 
further, i t  becomes negative and the curve of motion is in- 
verted; that is, the curve becomes concave toward the up- 
per side instead of convex. The same concave effect is ob- 
tained, however, by inverting the whole device. 

of the mechanism, the opposite side being similar to the 
one shown. The connecting-rod for oscillating the work- 
table A is attached a t  B. 

As the motion of the work is not concentric with the con- 
vex surface being machined, a somewhat greater heel clear- 
ance is required for the tool than for  ordinary turning, 
especially when work of the smallest diameter accommo- 
dated by the device is being machined. This clearance can 
be reduced as the work diameter is increased. 

Fig. 2 Mechanism bslgnrd for Ura in Machining Convrx Surfaces of Large Radll. 

Mechanism for Use in Planing Convex Surfaces-The 
mechanism shown diagrammatically in Fig. 2 is designed 
for use in planing convex surfaces that conform to parts 
or arcs of true circles having centers that may be located 
a t  any distance from the point of the tool. This device is 
similar to the one just described, although it is much simpler 
to construct. The diagram shows only one of the two sides 

110. S. Muhanbm for Tmnsmtttlng an Olclllattn# Mowmrnt from Shaff A to 
Shaft B, tho Latter Shaft bolng 0eclllat.d through a Lareor Anglo than Shaft A. 

Crank and Lidk Mechanisms for Increasing Angular 
Movement of Shaft.-In Fig. 3 is shown a simple mech- 
anism designed to transmit an  oscillating movement from 
shaft A to shaft B. The mechanism is required to give the 
driven shaft a larger angular movement than that of the 
driving shaft. A mechanism of this type for multiplying 
the angular movement of a lever was developed by H. Lin- 
dars. I t  consists simply of the driving lever or crank C, 
the driven crank D, links E, F, and G, together with the five 
pins that connect the cranks and links. The cranks C and 
D are securely fastened to their respective shafts A and B 
and oscillate with them. 
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The view at the left shows the mechanism with the driv- 
ing shaft A and its lever C rotated to their extreme left- 
hand or counter-clockwise positions, while the view at t h e  
right shows the mechanism with the driving shaft and i t s  
lever rotated to their extreme right-hand or clockwise posi- 
tions. The center view shows the crank D and driven s h a f t  
B in the vertical position, with pin P on the vertical cen ter  
line 0 and pin H of the driving crank C located on the rad ia l  
line J, which is also indicated as J in the view to the left. 

Flp. 4. Mechanism Desipned to Transmlt an Ouillatlnp Motlon horn SLof( A 
to Shaft B with on Increau In the Angular Motlon Imparted to I k o n  ft. 

When shaft A rotates to the left so that pin H is in  i t s  
extreme left-hand position on radial line K, crank D will 
also have been rotated to the left so that pin P is located 
on the radial line M. Similarly, when shaft A rotates to the 
right so that pin H is in its extreme right-hand position on 
line L, as indicated in the view to the right, crank D will 
have been rotated to the right so that pin P is located on 
radial line N. Thus, an oscillating movement of d r iv ing  
shaft A and its crank C through angle X serves to oscillate 
driven shaft B and its crank D through angle Y, which, as 
shown in the illustration, is larger than angle X. 

It should be noted that, while crank C makes an  angu la r  

movement to the left of the central position shown in the 
center view equal to its angular movement to the right, the 
angular movement of crank D to the right from the central 
position is slightly greater than its angular movement to 
the left. 

In the view to the left, Fig. 4, is shown another mechan- 
ism that is also designed to transmit an oscillating motion 
from one shaft to another with an increase in the angular 
movement imparted to the driven shaft. In this mechan- 
ism, which is patented in England under patent No. 465052, 
the oscillation of shaft A, and member C keyed to it, through 
angle X, as indicated in the view to the right, causes driven 
shaft B and ita crank D to be oscillated through angle Y. 
In the view to the right, the mechanism is shown in full 
lines with its driving and driven shafts in the positions 
they occupy when they have reached the end of their rotat- 
ing or oscillating movement in the counter-clockwise direc- 

Fb. A Mochanlsm for Incmaslng Angular Movoment of Shaft B 
os Compord wlth Shaft r*. 
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tion. The dotted lines show the mechanism with i ts mem- 
bers in their positions a t  the extreme end of the clockwise 
movement. 

Link Mechanism for Increasing Angular Movement of 
Shaft.-In Fig. 5 is shown an arrangement of links and 
levers for transmitting an oscillating movement from shaft 
A to  shaft B. The mechanism is designed to oscillate shaft 
B through angle Y, which is greater than angle X through 
which driving shaft A oscillates. This mechanism is in- 
tended to accomplish the same purpose as the one just de- 
scribed. 

Mechanism for Increasing Angular Movement of Shaft.- 
A crank-and-link type mechanism that produces a some- 
what greater angular movement than either of the two de- 
signs just described is shown in Fig. 6. When the driving 
crank M travels from point A to B, through an  angle of 90 
degrees, the driven crank is rotated through an angle of 
180 degrees. This represents a ratio of 1 to 2 in the increase 
in  angular movement. When crank M oscillates 138 de- 
grees, between points A and C, the driven crank will oscil- 

late 216 degrees, between points D and F, a t  a ratio of 1 to 
1.56. For this ratio G equals one-sixth the length of crank 
M, and the length of link P equals one-half the length of M. 

In Fig. 7 is shown an arrangement for  oscillating a crank 
that has too great an angular motion f o r  practical opera- 
tion by means of the connecting-rod of a revolving crank. 
In this case, crank D must have an oscillating movement of 
144 degrees o r  more. This is accomplished by the introduc- 
tion of an  auxiliary crank C, which obtains its angular mo- 
tion of 72 degrees from connecting-rod E driven by a revolv- 
ing crank (not shown). 

PIS. 7. Arrongewnt for 6.clllatlw a Crank that has Too Gno) o n  Angular 
MoHon for Prodlcal Opmt ion  by Mwnr of Connecting-rod of Revolving Crank. 

The connecting-rod of this mechanism could, of course, 
be connected a t  any point on crank C; any position other 
than the one shown, however, would necessitate a change 
in the length of the stroke, although the 72-degree oscillat- 
ing motion of crank C would remain unchanged. The motion 
of crank D is not uniform, but varies from a ratio of about 
1 to 1.44 up to  1 to 2.56, a 1 to 2 ratio of oscillation being 
obtained for the half or complete angular motion. The com- 
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plete angular motion of crank C is 72 degrees, and that of 
crank D, 144 degrees, giving a ratio of 1 to 2. The like angles 
a, b, c, and dl representing movements of crank C, produce 
unlike angular movements of crank D, as shown a t  a', bl,  
c1 and dl ,  a t  ratios indicated in tabular form. 

Mechanism for Reducing Oscillating Motion.-On a 
wire-forming machine, a part  of the mechanism is operated 
by an oscillating shaft which receives its motion, through a 
system of links, from a crank. Owing to a change in the 
design of the product, the degree of oscillation of the shaft 
was required to be reduced. However, as other parts of the 
mechanism receive their motion from the same source, it 
was not permissible to change the throw of the crank, nor 
t o  change the positions of the connecting levers. Fig. 8 
shows the design of a mechanism that successfully met the 
requirements referred to. 

The shaft A, which is required to oscillate, is carried in 
the bearing B. Lever C is given an oscillating motion by 

I)O. 8. Mrhanlsm by Moom of whlch Odllotlon of Lwor C thrw~h Aw). Y 
Produm Rducod Osclllotlon of Levor E tbmwh A w l *  X. 
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the rod D. Lever C and rod D are of the same dimensions 
and otcupy the same positions as  before the change, except 
that originally, lever C was keyed to shaft A, whereas with 
the new arrangement i t  oscillates freely on shaft A. Lever 
E, which is keyed to shaft A, carries the lever F, which is 
pivoted a t  its center. Bearing B carries a fixed arm which 
IS connected to the lower end of lever F by the link H. The 
upper end of lever F is connected to lever C by the link G. At 
the left and center of Fig. 8 are end views of the assembly, 
and a t  the right is a side view. 

In the center diagram of Fig. 8, rod D is shown at its 
extreme right-hand position. By tracing through the link- 
age, it will be noted that any motion of rod D is transmitted 
through lever C to lever F through link G .  Lever F trans- 
mits the motion further through lever E to shaft A. 

In the left-hand diagram, rod D is shown at its extreme 
left-hand position. I t  will be noted that, as the fulcrum of 
lever F is a t  its lower end, i t  is acting a s  a second-class lever, 
and any motion given to the upper end of lever F, which 
is the power arm, will be transmitted to lever E in reduced 
proportion. In  the left-hand diagram, the angle Y indicates 
the movement of lever C, and the angle X indicates the 
movement of lever E, the difference between the two indi- 
cating the reduction in angle of oscillation accomplished 
through the linkage. 

Mechanism that Doubles the Oscillations Imparted 
t o  a Shaft by  a Slide.-The fingers of a bag-closing ma- 
chine are controlled by an oscillating shaft having a vari- 
able motion. The motion is imparted to the oscillating shaft 
from a feed-slide which reciprocates a t  a constant velocity. 
In Fig. 9 is shown the mechanism for  transmitting the 
variable oscillating motion to the shaft D from slide A. Dur- 
ing each cycle of slide A, shaft D passes through two oscil- 
lating cycles. For the first cycle, assuming that point R of 
link E is a t  P and that slide A is traveling downward, shaft 
D will oscillate rapidly through an angle of 190 degrees and 
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return, a t  the same velocity, to its starting position. In  the 
next cycle, the direction of rotation of shaft D is reversed, 
after which it oscillates slowly through an angle of 60 d e  

Fig. 9. Mrhanism tor Doubllng ond Varylng &clllo+lonr Impofid to Sbo* D by t k  
Reclprocotlng Sllda A. 

grees and then returns a t  the same velocity to its starting 
position. These oscillations are repeated alternately with 
no intermediate dwells. 

The feed-slide A operates in the guides B, cast integral 
with the machine frame C. This slide transmits the required 
motion to shaft D through the link E, segment gears F and 
G, and the link H. Link E connects the slide with gear F 
and is pivoted to these members by shoulder-screws. Gear 
F is free to turn on a stud secured in link H, and meshes 
with the gear G, keyed to the driven shaft D. Link H is free 
to turn a t  the upper end on the driven shaft D. 

On the under side of gear F is fastened a crescent-shaped 
plate J, which serves to guide this gear in its proper path 
along the contour of cam K, secured to the machine frame. 
Block L, containing the spring-actuated pin M, merely acts 
as a bumper to  limit the downward movement of gear F and 
to absorb the shock of reversal a t  the low point. 

In the position indicated, the slide is a t  the bottom of its 
stroke. As i t  moves upward, the upper screw in link E will 
be moved to point P. At the same time, gear F will be ro- 
tated through an angle of approximately 90 degrees; the 
lower point of cam K being in contact with the plate J holds 
link H stationary. This partial rotation of gear F causes 
gear G and shaft D to rotate 190 degrees in a clockwise 
direction. At  the end of the 90-degree movement of gear F, 
the curved surface N on plate J coincides with the surface 
0 on cam K, so that further rotation of gear F relative to 
link H is prevented. However, as  surface 0 is concentric 
with the center of the upper end of link H and of gear G, 
continued upward movement of the slide to the end of its 
stroke will cause both gears and link H to swing upward 
as one member until the upper pivot screw in link E is a t  
point Q. At the beginning of the latter movement, gear G 
and shaft D will have reversed their direction of rotation 
and their angular velocity will be reduced. 

As the slide reverses its movement and returns, the slow 
angular movement of shaft D is also reversed. Shaft D then 
rotates slowly until the cylindrical par t  of gear F engages 
block L. At  this point, link H is held stationary and gear F 
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rotates about the lower point of cam K. In doing so, gear F 
rotates gear G rapidly in a counter-clockwise direction, 
causing shaft D to reverse its movement and continue to 
rotate, buE st a rapid rate, until the slide has reached the 
bottom of its stroke. Incidentally, a slight clearance should 
be provided between the adjacent surfaces of members K 
and J a t  this point in the slide cycle. 

Obviously, the velocity of shaft D when the slide is ap- 
proaching and leaving the bottom of its stroke is the same; 
and likewise, the velocity of the shaft when the slide is ap- 
proaching and leaving the top of its stroke is also the same. 
Consequently, the alternate variation in the point of re- 
versal of shaft D occurs a t  both ends of the stroke of the 
slide. By modifying the gear diameters and the stroke of 
the slide, various angular movements and velocities of shaft 
D can be obtained. 

Lever Mechanism for Transmitting Oscillating Motion 
Simplified by Means of Universal Joints.-Transmitting a 
motion or movement developed a t  some point within a ma- 
chine to some remote point for the operation of a secondary 
unit frequently introduces a perplexing problem. Often a 
combination of levers must be used for this purpose. In 
some cases, the problem can be simplified by equipping the 
connecting links or rods with universal joints, as  here 
Illustrated. 

The mechanism shown, Fig. 10, is designed to transmit to 
lever X the oscillating motion imparted to lever J by cam 
C. Cam C, on driving shaft B, imparts a reciprocating mo- 
tion to  yoke E through roll D in the cam groove. Yoke E 
slides on block F located on shaft B. 

It will be noted that both cam C and yoke E are located 
in a vertical plane and that lever J is in a horizontal plane, 
while lever X is in a vertical plane. Lever S, which is con- 
nected to reciprocating lever J by rod P, is also in a vertical 
plane. Thus, the problem of transmitting an oscillating 
motion to lever X becomes one of transmitting motion from 

a horizontal to a vertical plane. Obviously, this problem is 
greatly simplified by using universal joints to connect rod 
P with levers J and S, as  indicated by the dot-and-dash 
lines Z and Y. 

Lever S is pinned to shaft T and transmits the required 
motion to lever X, which is also keyed to shaft T. Lever X, 
in turn, operates a slide mechanism which is connected to 
swivel-block W. 

Referring to the construction of the mechanism, a por- 
tion of the machine frame is shown a t  A in both views. 
Bearing brackets on this frame support shaft B on which 

Fl9. 10. Mechanbm In which Unlvenai Joints or. Uud to Simpllfy 
Tronsmlsslon of Movemant from Horizontal to Vertical Plan.. 
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cam C is mounted. Yoke E is connected by pins to lever J 
through the medium of swivel-link H. Lever J is free to 
swivel about stud K as  a center, stud K being carried in 
support L attached to frame A. In the end of lever J is a 
pin I on which block N is free to swivel. A pin 0 connects 
yoke M to  block N. This construction provides a universal 

Clp. 11. lmplr M r h o d m  for CormrHa# Horlron)ol 
to V ~ C O I  OIclnono~ 

joint which permits yoke M to swivel in any direction. The 
two trunnion bearings of the two universal joints at the 
ends of rod P are located at right angles. Two brackets V 
support bearings for shaft T. With this arrangement, the 
tendency for  the levers and connecting-rods to become 
cramped or jammed is eliminated. 

Converting Horizontal to Vertical Oscillation by Simple 
Mechanism.-The linkage mechanism just described must 
have an appreciable amount of play in the pivot joints in 
order to operate successfully. If a few calculations are 
made, on the supposition that levers J and S are rigid bars, 
it will be found that the connecting rod P would be strained 
in torsion during the oscillating motion. In any practical 
mechanism, made as  described and illustrated in Fig. 10, 
all distortion for  which relief is not provided by the play 
allowed by the pivots will be taken up by the various parts 
of the mechanism. 

However, the desired conversion from oscillation in the 
horizontal plane to oscillation in the vertical plane can be 
accomplished by a linkage mechanism of fewer parts which 
was devised by G .  T. Bennett and described in Engineering 
in 1903. If applied to the mechanism in question, as shown 
in Fig. 11, i t  would require levers J and S to be of equal 
length, and the length of connecting-rod P to be the same 
as the distance between the axes of rotation of levers J and 
S. Then each of the universal joints shown would be re- 
placed by a simple pivot joint. The angle between the pivots 
in rod P would be a right angle, while the sine of the angle 
z between the pivots in lever J would be equal to the ratio 
of the length of lever J to the length of rod P, or sine x = 
a t b.  Lever S would, of course, have the same angle x 
between its pivots as lever J. 

The Bennett linkage is not an approximation; i t  is a 
mathematically correct method of converting an oscillating 
motion in one plane into an  oscillating motion in another 
plane. There i s  no limit to the amount of oscillation; the 
cranks or  levers ma?7 execute complete rotations or  even 
continuous rotation if the links are designed to clear each 
other. 

Space Linkage Mechanism for Transmitting Oscillaling 
Crank Motion.-There are cases where obstructions o r  in- 
terferences may make it impossible to join the two links by 
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a single connecting-rod, such as the mechanism just de- 
scribed. The interference can sometimes be avoided by the 
use of a connecting-rod made in two pieces which are simply 

no. 12. Spec. U n h g t  Muh~nlsm for Trommlttlng 
Ouiilatlns Motion. 

hinged together. The main frame, the two cranks, and the 
two parts of the connecting-rod, as shown in Fig. 12, con- 
stitute a hinged movable five-bar linkage in space. 

A five-bar linkage of this kind must be designed to have 
certain mathematical relationships between its various 
members in order to operate. Let the length of a link be 
defined as the length of the common perpendicular between 
the hinges in the link. Let the twist of a link be defined as 
the angle between the hinges in the link. In the diagram 
and in the formulas below, the small letters refer to the 
lengths of the links, while the corresponding capital letters 
refer to the twists of the links. 

The five-bar linkage will operate if the following condi- 
tions are observed: (1) The two cranks have equal lengths 
a; (2) the two cranks have equal twists A; (3) the sum of 
the lengths of the two parts of the connecting-rod is equal 
to the length of the main frame, b + c = d; (4) the sum 
of the twists of the two parts of the connecting-rod is equal 
to the twist of the main frame, B + C = D; 

a b c 
(5) -=-=- 

sin A sin B sin C 
To simplify the diagram, the cranks are  shown to be 

oscillating in two perpendicular planes. The twist D of the 
main frame or  link is, therefore, a right angle. Angle D 
need not, however, be restricted to a right angle; any other 
angle between the planes can be handled just as  readily. 

Oscillating Motion Transmitted from Vertical to Hori- 
zontal Plane.-The oscillating motion of a part in a vertical 
plane is transmitted to another part in a horizontal plane 
by means of the simple mechanism illustrated in Figs. 13 
to 15. The magnitude of the oscillations is adjustable to 
suit various requirements. 

A front elevation and plan view of the mechanism in the 
central or middle position of its cycle are  illustrated in 
Fig. 13. Lever G oscillates in a horizontal plane about pivot 
rod H. Rod F, the position of which is adjustable in the 
slot of lever G, is fastened to the lever and operates with 
it. Part  E is free to slide vertically on rod F and horizon- 
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Fig. 13. Tha Olclllotlon of Laver G In o Horizontal Plane Ir Trammlttd to 
kver C which Olell1at.r In a Vertical Plona. 

tally on rod D. Rod D is fastened to lever C and can be ad- 
justed by the slot in the lever. Lever C is  keyed to  shaft A, 
which confines the movement of the lever to an oscillating 
motion in a vertical plane. Shaft A turns in bearing B. Thus, 
the oscillating motion of the lever G in a horizontal plane 
is transmitted to the lever C, which is made to oscillate in 
a vertical plane. 

Fig. IS. Left-hand End View of Muhanism as Shown In Fig. 14. 

The extreme forward position of the mechanism is  illus- 
trated by the plan view, in Fig. 14. Part E has moved out 
on rod D, away from lever C, and down on rod F, to permit 
movement of levers C and G, in their respective planes. 

A left-hand end view of the mechanism when in the posi- 
tion indicated in Fig. 14 is shown in Fig. 15. Adjustment 
of the amount of oscillation is accomplished by changing 
the position of rods D and F in the slots of their respective 
levers. 
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n6 16, Mabanbm for ImparHnp Odfls(fng Motton h A m  4 w l d d  a n  k MbW k 
Vorlow Angukr P&nr 

Mechanism for Imparting Oscillating Motion to Ad- 
justable Arm.-The mechanism shown in Fig. 16 is designed 
to impart a n  oscillating or vibrating motion to the arm A, 
which can be adjusted to various angular positions. The 
mechanism is driven by a round belt K from a V-pulley 
within the machine on which the oscillating motion is em- 
ployed. The complete mechanism, including arm A, is 
mounted on a baseplate F, which is secured to the machine 
by the bracket E. 

Arm A pivots about the center of rod C, the oscillating 
motion indicated by the arrows a t  B being obtained from 
the reciprocating motion transmitted to the stud D of the 
cross-head b. The necessity for adjusting arm A to differ- 
ent angular positions is a factor that makes the design of 
this mechanism of particular interest. Provision for ad- 
justing the length of the oscillating stroke also lends inter- 
est to the design. 
The means for  obtaining the oscillating motion will be 

described before considering the adjustment features. The 
shaft H, driven by belt K, is provided with a crankpin V for 
the bearing Z on one end of the connecting-rod X. The bear- 
ing a t  the opposite end of the connecting-rod is fitted on a 
pin a in a sliding block or cross-head b, of which stud D is a 
part. The reciprocating motion of stud D transmitted by 
the movement of the connecting-rod X, indicated by the 
arrows a t  Y, produces the required oscillation of arm A. 

The bracket M supports the shaft N on which the cross- 
head b reciprocates. There is a slotted arm on the under 
side of the cross-head which is a sliding fit over the guide 
rail on the base of bracket M. The guide rail prevents the 
cross-head from rotating on shaft N. The length of the arc 
through which arm A oscillates can be changed to suit re- 
quirements by adjusting the sliding block in the flange L 
in which the crankpin V is mounted. Adjusting the block 
to increase the distance W of the crankpin V from the cen- 
ter of shaft H, as  shown in the small insert diagram a t  the 
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left of Fig. 16, increases the length of the arc through which 
arm A oscillates. 

Stud D is fastened to arm A in such a manner that the 
arm can be tilted to any desired angle with the horizontal. 
The block R in which rod C pivots can be swiveled in bear- 
ing P and locked in the required angular position by a 
clamping bolt S. The collars T locate rod C in block R. 

F1s. 17. Four W m  of Hmple O.oildng M.chanhn, Showlw H w  
Shoft E TmmmH. OIclllotlng Motion to Shaft % 

Simple Mechanism for Producing an Oscillating Motion 
in a Shaft.-The mechanism shown in Fig. 17 was devel- 
oped to produce an oscillating motion in-the vertically sus- 
pended shaft  S through the continuously rotating horizontal 
shaft E. I t  consists mainly of two disks A and B, both of 
which a re  a part of the vertical shaft  assembly; the horizon- 
tal shaft E; spring F; and the pins C and D. The horizontal 
shaft E is  bent to the shape indicated in the illustration, and 
is located between the pins C and D. 

The four positions of the horizontal and vertical shafts 
shown in Fig. 17 indicate that  the horizontal shaft  serves 
as  a cam, with th pins C and D acting a s  the cam followers. 
The shaft S is spring-loaded to keep the pins C and D in  
contact with the shaft E. 

The mechanism can be operated a t  moderate speeds and, 
with a reasonable amount of tension i n  spring F, the oscilla- 
tions will be imparted to  the vertical shaft  smoothly and 
without shock. 

By changing the shape of the shaft  E, sufficiert varia- 
tion in the oscillations can be obtained to meet different 
requirements. Some experimental work may be nece:tsary 
when precise results a re  desired. However, a fairly accu- 
rate lay-out will usually be aufficient to  give the desired 
action. 

Double Toggle-Lever Mechanisms for Operating 
Presses.- The capacity of a straw-baling press desEgned a s  
shown in Fig. 18 was considerably improved by redesigning 
the operating mechanism. The machine has an  oscillating 
pressing piston C, actuated by a rod B from a rotating 
crank A, which is constructed as s gear  wheel and rotated 
by a small gear D. The pressing action takes place when 
the three links 1, 2, and 3 form practically a straight line, 
a high pressure then being applied to the s t raw bale during 
the interval y,-y, of the crank motion. This interval is so 
short that  the baling action is not quite perfect. 

The full exerted pressure loads the mechanism. The 
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swinging piston is quickly pushed forward and is already 
on its return stroke when the knot is tied. Therefore the 
elasticity of the bale stretches the binding cord and hinders 
the binding mechanism. High friction in the links increases 
the wear, and the forward and return strokes are performed 
at an almost identical speed. 

In the improved mechanism, shown a t  the left in Fig. 19, 
two members E and F are added, and the number of links 
is thereby increased from four to seven (as the connecting 
link between the three members B, E, and F must be cal- 
culated as  two links). The new mechanism has two dead 
points; therefore, the toggle action shown a t  the left in 
Fig. 19 is extended to about three times hat of the older 
mechanism. The push exerted during the pressing action 
is taken off the gear and transmitted to the fixed link 5. The 
speed of the piston is gradually reduced until it is brought 
to a standstill. I t  remains in this position until the binding 
action is completed. The whole drive runs easily and with- 
out shock. The wear is consequently reduced to a minimum, 
and the capacity of the new machine is considerably in- 
creased. 

Similar mechanisms can be employed in other industries, 
such as the one shown a t  the right in Fig. 19, which is used 
in  a press designed for molding plastics. This mechanism 

Fig. 18. Original Design of Moehanlsm for Straw-baling P m r  

is the same as  in Fig. 18, except that the swinging motion 
of the piston is replaced by the reciprocating sliding move- 
ment of a ram. Owing to its high capacity, better results 
are obtained with this press than with the older design hav- 
ing a simple crank mechanism. 

Flg. 19. (Loft) Daublo Tagple-lovor Muhanlrm for Straw-ballng Pmr. 
(Right) Doublo Topglo Loror (or Plostlc Moldlng Press. 

Mechanism for Applying Rotary or Oscillating Motion 
to a Driven Shaft.-The mechanism shown in Fig. 20 is 
designed to give a rotary o r  oscillating motion to the driven 
shaft E. The oscillating motion is made possible by the oscil- 
lating action of the segment gear M. When this motion is 
required, the driven shaft changes its direction of rotation 
every half-revolution and operates a t  one-eighth the full 
rotating speed of the motor driving shaft. When a continu- 
ous rotating motion is required for shaft E, sliding collar 
D of the clutch is engaged with clutch member C. Gear F 
then rides on the cylindrical part of the clutch member D, 
from which i t  is disengaged, and shaft E rotates continu- 
ously a t  the motor speed. 
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The diagram a t  the left of Fig. 20 shows the mechanism 
in the neutral position. The gears B, H, and HI have a ratio 
of 1 to 8. The diagram a t  the right shows the gearing ar- 
rangement that makes possible the oscillating motion. Crank 
L is attached to gear I in an offset position, so that  it pro- 
vides a crank movement for  oscillating segment gear M 
which meshes with gear F. The ratio of the pitch diameters 
is so selected that gear F is rotated 180 degrees in  a for- 
ward and return movement; gear F is connected to the 
driven shaft E, giving i t  a similar motion when member D 
is moved to the right. This mechanism can be improved by 
introducing a second clutch to permit gear B to be discon- 
nected from the motor shaft for  the direct drive and also 
by attaching a balance weight N on the segment gear M, as  
shown in the right-hand diagram of Fig. 20. 

Slight Oscillating Movement with Interrupting Control.- 
A mechanism for  imparting a slight oscillating or vibrating 
movement to a shaft, which is equipped with a n  arrange- 
ment for interrupting the oscillating movement without 

Fig. 21. Mnhanism DuIpnmd to Impart OulllatIng Movomant to Shaft B 
with Plpvision for Interruption by Laver M. 
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stopping the driving shaft, is shown in Fig. 21. This device 
rocks shaft B back and forth, as indicated by arrow A, by 
having lever C, which is pivoted on stud D, rock about the 
center of the stud with a radial movement, as  indicated a t  
E. To operate lever C, an eccentric shaft is provided a t  F 
with an offset equal to G. As the shaft F rotates, the con- 
necting link H is moved back and forth, imparting move- 
ment to lever C. 

Lever C transmits a rocking movement to shaft B through 
engagement of the spring plunger J mounted in lever K, 
with a hole in lever C. The hole for the stud about which 
lever C oscillates is elongated a t  L to allow the two levers 
to pivot. Normally, the movement described is continuous, 
but a t  certain times i t  is necessary to stop the movement of 
lever K and to permit lever C to continue in operation. 

This is accomplished by providing an arm a t  M which is 
actuated by a connecting-rod N so that a rod P pushes 
plunger J far  enough to the left so that the clearance be- 
tween the plunger and the tapered hole ia great enough to 
permit lever C to oscillate without transmitting sideways 
motion to plunger J. This prevents the movement of lever 
K, which, in turn, stops the rocking movement of shaft B. 
Shaft B serves to operate other mechanisms within the ma- 
chine. This plunger type of mechanism is suitable for  use 
where only a slight rocking movement is necessary. The 
bevel plunger J is raised just a sufficient amount from the 
beveled hole to permit i t  to dea r  the hole a t  the extreme end 
of the oscillating stroke of lever C. 

Feeding Mechanism Operated by Crank and Cam.- 
A very smooth oscillating movement is imparted to the 
fingers Y of the mechanism shown in Fig. 22 by means of 
a crank C and the cam B secured to the rotating shaft A. 
The oscillating movement is approximately as shown by the 
arrow E. 
Arm D is free to slide up and down in a connecting block 

Ir, which is pivoted to the stud H. Stud H forms a part of 

the lever C. As shaft A revolves, i t  carries block F to the 
left or right a s  indicated by the arrow E, and up and down 
through the medium of the connecting stud H. However, 
we are only concerned with the movement to the left and 
right, as the block merely slides up and down on the a rm D, 
accomplishing no work while sliding vertically. 

Fig. 22. Muhonlsm for Importing Smooth Oselltotlnp Morrment 
to Flngen Y from Rotatlng Shaft A. 

While the oscillating movement is taking place, the cam 
fork J moves up and down, being actuated by the roll N 
which is attached to it and travels in the groove of cam B. 
This causes lever K to rock the shaft L, thereby causing 
lever M to move arm D up and down. The combined up and 
down movement of arm D and left and right movement im- 
parted by the eccentric throw of lever C results in a very 
smooth oscillating movement of the fingers Y. 

Oscillating Mechanism for Milling Machine Shaping 
Attachment.-The oscillating mechanism shown in Fig. 23 
actuates a slot- or  groove-shaping attachment for  a milling 
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machine. The grooves G to be cut in the ends of bars W, 
shown a t  the upper right of Fig. 23, have their bottom sur- 
faces machined to conform with an arc of a circle. The mill- 
ing attachment was designed to handle this machining oper- 
ation, because the bars were too long to be handled in a 
lathe. 

Rg. 23. Mchanlrm Applld to Mllllng Machine for O u l l l s N ~  S ~ O ~ W  Tool U A  
to  Cut Grwva G In Work W, Shown o t  Up* RhM. 

Referring to the oscillating mechanism, the disk A is 
driven by the spindle of the milling machine, and carries a 
block B. Block B is free to swing on its stud S, and slides 
in a dovetail groove a t  the rear of lever C. Lever C is free 
to swing on its stud, which is fastened to the column of the 
milling machine. The rotation of disk A in the direction 
shown by the arrow imparts an oscillating motion to lever 

C, as shown by dotted lines in the lower left view of Fig. 23, 
which indicate the two extremes of the oscillating motion. 

The block D which carries the tool bit E is fitted into a 
recess in the front of the lever C, as shown in the lower left 
view of Fig. 23, and is free to swing on its stud. In this 
view, the tool bit E is shown in position for cutting, with 
the block D resting on the lower edge of the recess in lever 
C. The cutting action takes place on the upward swing of 
lever C. As the lever swings toward the bottom, the block 
D turns on its stud to prevent the cutting edge of the tool 
bit from dragging during the non-cutting half of the oscil- 
lating movement. Thus, block D operates in the same man- 
ner as the clapper block of a shaper. The work W is sup- 
ported by clamping i t  on blocks on the milling machine table, 
the longitudinal feed being employed to advance the work 
to the shaping tool. 

Oscillating Cam Made Adiustab1e.- On a recently de- 
signed automatic drilling machine, the work-holding fixture 
is operated by pneumatic cylinders. Compressed air is ad- 
mitted to or discharged from the cylinders by means of a 
plunger valve operated by a cam supported on an  oscillating 
shaft. For various types of work and different operations, 
i t  was necessary to provide some means of adjusting the 
timing for the application or  release of the air  pressure. 
The cam illustrated was designed for this purpose. 

As shown in Fig. 24, plate B is clamped to and oscillates 
with shaft A. Cam-plate E is free to swing about the com- 
mon center line of the plate and shaft, since it is loosely 
mounted on a hub of plate B. Fiber plates C (located be- 
tween plates B and E) and plate D (on the outside face of 
plate E) are mounted on studs H. These studs are pressed 
into holes in plate B and pass through slots in cam-plate E. 

Springs located between washers on the studs can be com- 
pressed by tightening the nuts. This causes the cam-plate 
to oscillate with plate B, the amount of oscillation being con- 
trolled by adjustable stops G and J. 
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Roller F, which is pinned to the plunger of the pneumatic 
valve, is shown in contact with the rise of cam E in Fig. 24. 
Movement of shaft A in the direction indicated by the arrow 
will cause the plunger to be depressed, thus permitting air  
to  enter the cylinders. 

Referring to Fig. 25, cam-plate E has moved to the right 
and the valve plunger is depressed. The cam-plate has come 

Cia. 24. Ad/uttable Oselllutlng Cam whlah Controb Admhslon or Muhm of 
Air to a Pneumatic Cylinder that Actuatu Work-holdlnp r l r t u m  Amount of 

O.alllation of Cam-plate L can be Adlusted by Stoprcrers 6 and J. 

in contact with stop G so that further movement of the plate 
is prevented, regardless of the extent to which the shaft is 
oscillated. Then when the movement of the shaft is re- 
versed, plate E returns to the position shown in Fig. 24, 
where further movement of the cam to the left ia limited 
by stop J, and the valve is closed. 

In this manner, the work-holding clamps are closed a t  the 
beginning of the first half of the cycle and released at the 

PI#. 25. Cam-plate C Shown In I'l . 24 ha* Hum Movad 
t o  Rlpht so that Valw Plunger fupportlns Roller F Ir 

Dopmsed and Alr Is Admined to Cylinder. 

start of the second half of the cycle. Timing for the applica- 
tion or release of air pressure can be varied by adjusting the 
stop-screws. For example, if i t  is desired to open the valve 
later, the screw in stop J is backed off, thus causing a time 
lag before the valve is open. Similarly, the screw in stop G 
can be backed off to permit later closing. 
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CHAPTER 11 

Mechanisms Providing Combined Rotary 
and Linear Motions 

Described in this chapter are various mechanisms which 
impart a combined rotary or oscillating and linear or re- 
ciprocating motion to one or more elements. They provide, 
respectively, a combined rotary and traversing movement 
for a shaft; a reciprocating and rotary motion for a pneu- 
matic drill; a reciprocating and rotary motion for a "fly- 
ing needle" used in weaving wire cloth; a reciprocating 
shaft that rotates during part of its stroke; a ball and socket 
operation of a sleeve valve which reciprocates and oscillates ; 
a crank which imparts an oscillating motion to one member 
and a reciprocating motion to another; a means of adjust- 
ing the radial position of a member while it is rotating; and 
a bearing designed for both rotary and reciprocating 
motions. 

Mechanism for Producing Rotating and Traversing 
Movement.- A simple mechanism designed to impart a 
combination traversing and rotating movement to a ma- 
chine member is shown in Fig. 1. Two gears C and D are 
keyed to the driving spindle K and retained by a flanged 
nut. The driving shaft L, which serves to rotate and trav- 
erse the machine member as required, has a screw thread 
and a keyway which is a sliding fit for the key P. The sleeve 
G is arranged to run freely in the bushings F, housed in the 
web E of the machine. End thrust imparted to this sleeve 
is taken by the large flange and the flanged nut N. Sleeve G 
is threaded on the inside to fit shaft L. 

The gear B is keyed to the sleeve and the gear A runs 
freely on it, both gears being retained by the flanged nut M. 

The part H is secured to gear A by three screws. Key P is 
held to part  H, as shown, and slides in keyway in shaft L. 

To make clear the operation of the mechanism, let i t  be 
aaaumed that  gears A and C have forty-eight and twenty- 
four teeth, and gears B and D, forty-seven and twenty-five 
teeth, respectively. Let the member to be actuated, and con- 
sequently shaft  L and gear A, make one revolution. Then 
gear C and shaft K will make 48 t 24 -- 2 revolutions. 

When gear D makes two revolutions, gear B makes 
25 50 - x 2=- revolutions. 
47 47 

Thus shaft L rotates relative to sleeve G, and a traverse 
feed movement is imparted to the member. If the screw 
thread on shaft L has 10 threads per inch, the distance 
through which shaft L is fed during one revolution equals 

1 (z - I) x 
= 0.0064 inch. 

Different feeds and speeds can be obtained by varying the 
ratios of A to  C and B to D. 

Rg. 1. Mmhadm for Imparting s R&ng and Tlavdno MormwnC Co 
Shaft L from t k  Drlvlng tplndh L 
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Reciprocating and Rotary Motion for Pneumatic Drill.- 
Several different types of valve-gear mechanisms a re  em- 
ployed for the operation of pneumatic rock drills. One of 
these types is shown in Fig. 2. This particular mechanism 
is used for a 3-inch anvil-block type hand hammer drill em- 
ployed in the mining industry. The movements of the piston 
A are controlled by a spool valve B. The tool derives i ts 
name from the anvil C, which i s  interposed between the 
piston and the drill D. The particular drill shown has a 
shank of hexagonal cross-section. It i s  guided in the bush- 
ing E, which, in turn, is held in  the tool-holder F. Anvil C 
is guided by tool-holder F. 

The essential movements for rock drilling are  an  uninter- 
rupted series of blows in rapid succession on the end of the 
drill, and a rotary motion of the drill, which must be turned 
a few degrees between successive blows. The blows, 1600 
to 2200 per minute, are imparted by the piston A operating 
on the anvil block C, the velocity of the piston a t  the moment 
of impact being between 20 and 25 feet per second. The 
turning motion is imparted to the drill between successive 
blows by the helical-splined rifle bar  G. This bar i s  engaged 
by a phosphor-bronze nut secured in t he  piston a t  H. 

The rifle bar  is provided with a ratchet mechanism a t  J, 
an end view of this mechanism being shown at K a t  the left 
of Fig. 2. The ratchet mechanism allows the rifle bar  to  
turn in one direction only. On the return stroke of the 
piston, the ratchets prevent the rifle bar from turning and, 
in consequence, the piston turns a f ew degrees on the rifle 
bar in accordance with the helix angle of the splines. On 
the power stroke of the piston, however, the rifle bar is free 
to turn, and the piston moves forward without rotating, the 
inertia of the piston and the parts keyed to i t  causing the 
ratchet gear to slip. The piston is splined, and the splines 
are engaged by a nut in the tool-holder F. The turning move- 
ment of the piston on its return stroke, therefore, is trans- 
mitted to the tool-holder and to the drill. 
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Water or a ir  is almost always required at the drill point 
to facilitate the removal of the rock fragrnenta or chips. In 
consequence, the drill is usually hollow, so that air or water 
can be fed through i t  to the point from the tube L by way 
of the hollow anvil block, piston, and rifle bar. 

Fig. 3 is a diagrammatic sectional view of the pneumatic 
drill, illustrating the operation of the spool valve. The top 
half section shows the valve in position for admitting air  
to the rear of the cylinder, while the bottom half section 
shows the valve in position for admitting air to the opposite 
side of the piston. 

The action of the valve is as follows: With the piston S 
in its rearmost position, air is admitted through the pas- 
sages B and port C to the cylinder, a s  seen in the top half 
section, to drive the piston outward. The valve A is locked 
in this position by the air pressure acting on its front face 
L, the area of the front face being larger than that of the 
rear face M, and both faces being subjected to the same air 
pressure. 

On the outward stroke, when the rear edge of piston S 
uncovers the port E in the cylinder, a i r  a t  cylinder pressure 
passes up through the passage E to a port in the valve box, 
and acts on the face 0 of the valve. This moves valve A to 
the left, closing port C and cutting off the air supply which 
serves to drive the piston outward. A t  the same time, the 
valve opens communication between the live air port D and 
the port and passages H, permitting air  to pass to the front 
of the cylinder and drive the piston back, Just before piston 
S delivers its blow, the rear edge of the piston uncovers the 
main exhaust port G, and the air  behind the piston passes 
out to the atmosphere. 

In the live air  port D, there is a small face N on the valve, 
and the air pressure acts on the face, tending always to 
move the valve to the left. This serves to lock the valve in 
the position it takes up when air is being supplied to drive 
the piston back. 
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On the return stroke of piston S, when the rear edge has 
passed and closed exhaust port G, the remaining air  in the 
rear of the cylinder is compressed until the pressure is suffi- 
cient t o  move valve A to the right, back to its initial position. 

There is a front control port F in the cylinder, which is 
connected to the port F in the valve box. When the piston 
uncovers this port on its return stroke, air passes through 
the passage F and acts on the valve face P. This tends to 
move the valve to the right, but in ordinary running, the 
port F in the cylinder is inoperative, the compression pres- 
sure i n  the rear of the cylinder on the return stroke of the 
piston being the real cause of the movement of the valve. 
The purpose of port F in the cylinder is to prevent the piston 
from coming to rest with the main exhaust G slightly open 
to the front end of the cylinder, which would cause difficulty 
in restarting. On the return stroke of piston S, the main 
exhaust port G i s  uncovered before the piston is brought to 
rest, and the air  in front of the cylinder exhausts to the 
atmosphere through this port. 

As soon a s  the front end of piston S, in moving outward 
to deliver i b  blow to the drill, has closed main exhaust port 
G, there is a tendency for the air trapped in front of the 
piston to cushion the force of the blow delivered to the drill. 
This is, however, taken care of. Referring to the top half 
section of the illustration, it will be observed that when live 
air  is being supplied to the rear end of the cylinder the front 
end of the cylinder has an opening to the atmosphere 
through passage H, the reduced diameter of valve A, and 
the port and passage Q. The air in front of the cylinder can 
therefore exhaust to the atmosphere, and cushioning of the 
piston prior to the blow is avoided. 

It will be noted that the front a ir  supply port H is partly 
covered when the piston is in position for  striking the drill. 
This prevents damage to the piston in case the drill should 
be run without drilling actually taking place, or  in the event 
that the operator does not hold the tool down to the work. 

When the piston passes port H, a i r  iq  trapped between the 
front face of the piston and the face of the division r ing U, 
and the resulting compression prevents damage to  thc divi- 
eion ring. 

Two small exhaust passages J and K a re  controlled by the 
faces 0 and P of valve A. These passages insure that no 
residual air pressure will remain in ports E and F of the 

Fig. 4. Dlagmm lllustrotlng Opemtlon of Dlrk Vdvo of Pnoumatlc Drlll. 

valve box after the valve has been moved to either end of 
its travel. The absence of residual pressure in these ports 
is essential for  free movement of the valve. 

Several other types of valve gear a r e  employed. In the 
design shown in Fig. 4, the valve is of the disk type, the 
steel disk A operating between the valve seats B and C, and 
performing the same duties as the spool valve previously 
described. 
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Compact Mechanism Provides Combined Reciprocating 
and Rotating Motion.-A mechanism for producing a com- 
bined reciprocating and reversing rotating motion, which is 
of particular interest because of its simplicity and compact- 
ness, is shown in Fig, 6. This mechanism is used to operate 
a "flying needle" on a machine for producing a woven-wire 
product. 

The shaft A, which is supported in bearings B and C, has 
a series of modified gear teeth on i t  which mesh with the 
teeth of gear E. The base of bearing C carries the roller D 
which engages a helical groove in shaft A. In  operation, 

Fig. A MuLonbar for Rulprocatins and Rototlng Shaft A. 

gear E is given a reversing rotary motion by means of a 
sliding dog mechanism. As shaft A is reciprocated by gear 
E, it is also given a reversing rotating motion by the action 
of roller D in the helical groove. This arrangement provides 
a smooth uniform motion. 

Reciprocating Shaft that Rotates During Part of 
Stroke.. A somewhat similar arrangement to that just de- 
scribed is shown in Fig. 6. Arm A receives a reciprocating 
motion from an independent source and transmits this mo- 
tion to shaft B. When shaft B moves to the left, i t  is rotated 
through roller C engaging a helical groove in the ahaft. This 
combined movement continues until the collar D comes in 
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contact with stop E. Upon further movement of shaft B to 
the left, rod F and slide G are  drawn to the left at the Samp 
speed. It can be readily seen that when this simultaneous 
action is taking place, shaft B has no rotary motion. The 
position of stop E can be adjusted to vary the rotary motion 
of shaft B. 

Ball-and-Socket Mechanism for Operating a Sleeve 
Valve.- In Fig. 7 is shown a ball-and-socket mechanism for 
imparting a combined oscillating and reciprocating motion 
to a sleeve valve. This mechanism was patented in England. 

ttg. 7. Boll-and-Sack& Muhanlsm for Imparting a Comblmd 
Reclprocotlng and Oscllloting Motion to a SIerve Valve. 

I ts  most interesting feature is the novel method of assem- 
bling the simple but efficient ball-and-socket joint. The 
sleeve A is driven from the rotating crankshaft B, the socket 
being formed in the crank and the ball mounted so that it 
can slide on a pin projecting from the sleeve, as shown a t  
the upper left of Fig. 7. 

As shown, the annular ball member is made in halves C 
and D. To assemble the joint, one half of the ball member, 

say C, is set in the socket with its axis a t  right-angles to tha t  
of the socket and its face inclined as illustrated in  the view 
at X. The other half D is then slid into position in  the direc- 
tion of the arrow, and the two halves turned together 
through 90 degrees, so that they are co-axial with the socket. 
The pin projecting from the sleeve can then be inserted in  
the bore of the ball member, the two halves thus being main- 
tained in the correct position. The two halves can, if re- 
quired, be tongued and grooved, as indicated a t  Y. 

In the arrangement illustrated, the hollow crankshaft is 
blanked off a t  E, and provision is made for  feeding lubri- 
cating oil to the joint through the bore of the shaft and the 
hole F. 

Foot-Operated Mechanism for Transmitting Rotary 
and Linear Movements.- The natural movement of the 
operator's leg as it swings a pedal forward is utilized in the 
mechanism shown in Fig. 8 to transmit a rotary motion to 
lever D, and, at the same time, impart an upward motion 
to shaft A, in the direction indicated by arrow B. The rotary 
motion occurs during the first part  of the swinging move- 
ment of the foot-lever. Foot-lever E used for this purpose 
pivotw on stud F. A stop-screw G locates the footclever in 
its starting position. 

The operator, with his foot on the lever at X, kick8 it back 
in the direction indicated by arrow H. At the beginning of 
the stroke, lever D is caused to move through the medium 
of connecting-rod J attached by adjustable rod ends K to 
atuds L and M. This movement is transmitted by connecting 
link N to a unit within the machine on which i t  is employed. 
Lever D rocks on shaft P, which is supported in  bearings 
in the end frames of the machine. 

When pressure of the foot a t  X has moved the lever to  
the position indicated by the dotted lines at 9, lever D will 
have been rotated to  the position indicated by the dotted 
lines a t  a, and surface R will be in contact with a roll a t  S 
on bellcrank T. The remainder of the foot-lever action, 
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which carries lever E to position 0, moves lever D to posi- 
tion b, and is utilized in actuating the toggle lever of which 
crank T and link V form a part. A vertical movement is im- 
parted to shaft A through toggle connecting-link stud W 
traveling along path y. 

Bellcrank T pivots on and is supported by a fixed stud 2. 
Link V is pivotally attached a t  I to a block pinned to shaft 
A. The effect of this toggle linkage and rotary lever action 

Ro. 8. ~u8Iwp.rot.d M.chanlna far Tmmml)litlg Rotor) Moth h 
kvor D and Vertical Mornmont to Shaft A. 

is to combine a crosswise movement of connecting link N 
with a delayed vertical movement of shaft A when the foot- 
lever is given a full swinging movement from the position 
shown by full lines to that shown a t  0. A spring U serves 
to return the foot-lever to its starting point. Another spring 
at Y returns bellcrank T and shaft A to their starting points 
which are determined by collar e. 

External Control for Mechanism within Rotating 
Member.-Fig. 9 shows a device that provides exterior con- 
trol of the movements and adjustments of some movable 
element on a rotating shaft. By such a device, for example, 
the radial adjustment of the tool on the arm of a boring-bar 
can be made while the bar is in motion, the adjustment be- 
ing made through controls that do not revolve with the bas 
and that can be operated as conveniently as when the bar is 
stationary; or the blade of a revolving screw propeller can 
be adjusted for pitch without regard for the motion of the 
propeller shaft. 

The illustration shows a more or less general arrange- 
ment of the device, many of its elements being subject to 
modification to adapt it to special needs and to the ideas of 
the designer. Also some construction refinements have been 
slighted for the sake of clarity, thus making the drawing 
somewhat diagrammatic. 

The moving element to be adjusted is represented by the 
double crankshaft A, mounted in bearings that are carried 
on and rotate with the shaft B. The cranks are quartered, 
or set at 90 degrees to each other, and are driven by the 
connecting-rods C and D. Near the other end of the mech- 
anism is another double-throw crankshaft E with quartered 
cranks having throws equal to those of crank A. It is to this 
crankshaft that the initial controlling movement is applied 
by handcrank T. 

Unlike shaft A, shaft E has no other motion than rotation 
about its own axis. Through the medium of the two con- 
necting-rods F and G, this shaft imparts a reciprocating 
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longitudinal motion to the rods H and J. This motion is 
transmitted to the sliding collars K and L, and thence to the 
central rod M and the sleeve N, which deliver the motion 
to  the connecting-rods C and D. Any motion of the shaft E 
is thus duplicated in shaft A. 

The two collars K and L rotate with shaft  B, but are free 
to slide longitudinally on it. By means of pins P and Q, 
passing through slots in shaft B, the sliding motion of the 
collars is imparted to rod M and sleeve N. The reciprocating 
motions of rods H and J are transferred to the collars by 
means of the shoes R and S which ride in the grooves of K 
and L. It is thus seen that the motion of shaft E is trans- 
mitted to and translated on shaft A by longitudinal recipro- 
cating motion a t  the points R and S, where the external sta- 
tionary control parts meet the internal revolving control 
parts. This transmission of motion is thus independent of 
the rotative position of shafts B, and hence is entirely inde- 
pendent of its rotation. 

Ball Reciprocating Bearings.-The term "ball reciprocat- 
ing bearing" is used by the manufacturers of these bearings 
to designate a bearing capable of both rotation and axial 
reciprocation. Obviously, such a bearing cannot have definite 
ball tracks or grooves. Sometimes rotation only is required, 
and sometimes axial reciprocation alone is desired. For this 
reason, the outer raceway is the inside of a hardened and 
ground cylinder, while the inner race i s  either the outside 
of a cylinder or  the surface of a hardened and ground shaft. 
The balls are  placed between the two surfaces and are gen- 
erally retained in the pockets of a metal cylinder serving 
as retainer. 

It is well known that a ball pressed against a flat plate, 
especially against a surface the curvature of which is oppo- 
sits to that of the ball, has less load-carrying ability than 
the same ball placed in a groove similar to that of the con- 
ventional Conrad type ball bearing. The load - carrying 
capacities in the two cases have a ratio of about 1 to 10. 
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In order, therefore, to  secure the greatest load-carrying 
capacity in a ball reciprocating bearing for a given size, 
there are but few alternatives. One of these is to provide 
the greatest possible hardness and uniformity of parts, in 
view of the fact that all contacts are minute ellipses of very 
limited area, and the harder the parts the greater the unit 
pressure that can be applied. Another solution is found in 
accuracy of manufacture and proper design to distribute 
the load uniformly over the'bearing. A third alternative is 
by finding a means of increasing the number of balls in the 
same size bearing so that a proportionate gain in capacity 
is obtained. Thus, if it is possible to install twice the num- 
ber of balls, the capacity of the bearing is doubled. 

Fin. 10. Bantam Cosubuctlon Ball Boorfng Capable of both Rotation 
and Axlol Rulprocotlon. 

The Bantam Bearings Division of the Torrington Co. has 
been granted U. S. Patent No. 2,316,468 on means for in- 
creasing-in fact, doubling-the capacity of this type of 
bearing. The usual ball cage is a cylinder of bronze, steel, 
o r  aluminum drilled to form ball pockets of the greatest 
number per inch of cylinder length. The new Bantam con- 
struction consists of spirals of balls separated by coils of 
a specially formed helical spring, as shown in Fig. 10. The 
section of the spring wire may be triangular, round, aquare, 
or rectangular; but by making it in the form of an hour- 
glass not only facilitates loading the balls, but retains them 

between the races during shipping and installation. This 
construction is less expensive than the conventional type 
of retainer, both from the material and weight standpoint, 
and from a fabrication point of view. 

In Fig. 10, it will be noted that the balls are reatrained 
from end exit by the formed ends of the helix. When this 
bearing is used in rotation only, the helix of the retainer ao 
positions the balls that each has its own special path as the 
shaft revolves. 

In one test bearing, the pitch of the helix was 0.250 inch; 
each row contained twenty-two 3/16-inch diameter balls. 
Therefore, allowing no end play, each ball had a path (in 
rotation only) 0.0113 inch wide. Each path of the sta- 
tionary race was thus loaded to maximum only once in about 
two revolutions, whereas in a grooved-race radial bearing 
with twenty-two balls in line, the maximum load on the 
stationary race would occur twenty-two times in two revo- 
lutions. 

Ball reciprocating bearings are often used to operate in 
an axial direction only, and in such cases a large number 
of axial paths exist. The most common usage of this type 
of bearing is, however, in both reciprocation and rotation. 
When so used, the tracks of the numerous balls make intri- 
cate and overlapping designs, often covering every particle 
of the surfaces of both raceways. I n  this type of bearing, 
it is desirable to hold the diametral clearances close; a alight 
preload is permissible. 

Aa a general guide for the capacity of this type of bear- 
ing, i t  may be said that the static capacity is dependent upon 
the number of balls, the diameter of the balls, and the radius 
of curvature of the inner race. Expressed aa a formula, 

in which C. -- static capacity, in pounds ; N - number of 
balls ; D - diameter of ball, in inches ; F -- curvature fac- 
tor; K = constant -- 200. 
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The constant K is derived from laboratory tests in  which 
balls were loaded on hard flat steel plates up to the point 
where any greater load would cause "Brinclling" (indenta- 
tions in the steel plate). The value of K is 200 for  plates 
and balls of 60 Rockwell C hardness. 

The value of the curvature factor F is given below. The 
value is found by determining R, the ratio of the inner race 
diameter to the ball diameter. 

Values of F not given above may be interpolated. 
To obtain the capacity C,, in rotation only, the values of 

C, may be modified by using K - 100 and applying speed 
factors. (These speed factors may be obtained from a 
manual published by the Bantam Bearings Division of the 
Torrington Co., South Bend, Ind.) 

For both rotation and reciprocation, the capacity is little 
affected by the rate of reciprocation, as long as it is not ex- 
cessive. Other factors that influence the capacity of this 
type of bearing are deflection of parts making up the assem- 
bly, accuracy of workmanship, over-travel of load, and lu- 
brication. 

Some of the devices in which this type of bearing is used 
are taper measuring instruments, engine governors, weld- 
ing machine guides, printing press vibrator shafts, cloth- 
cutting machines, grinding-wheel dresser shafts, spool- 
winding machines, propeller-testing equipment, buffing ma- 
chines, stem grinding and polishing spindles, wire-brushing 
machines, rotary-tool pipe cut-off spindles, airplane landing 
gear, inking rolls, sheet-polishing machines, gear grinders 
and lappers, paper-coating machines, remote-control gear- 
shift mechanisms, and hydraulic welding machines. 

As the use of this type of bearing has occasionally been 
limited by its relatively low capacity, i ts  field of usefulness 
should be greatly increased by this improved design which 
permits, in  general, of doubling its load-carrying ability. 

CHAPTER 12 

Speed Changing Mechanisms 
Providing a fixed or adjustable speed of rotation of a 

rotating driven member that is different from the speed of 
rotation of the driving member can be accomplished in many 
different ways. Mechanisms described in this chapter illus- 
trate the use of gears, ratchets, friction wheels, cams, pul- 
leys and belts in combinations that are  noteworthy for some 
ingenious feature or special function which they perform. 

In one of the mechanisms discussed, the driven gear con- 
tinues to rotate in the same direction at greatly reduced 
speed when the drive shaft is reversed. Also described are 
a cone pulley with epicyclic gearing for a high-ratio reduc- 
tion drive; a friction drive designed for stepless speed vari- 
ation ; a cam-controlled variable-speed drive ; a mechanism 
for controlling the speed of a driven shaft by changing the 
speeds of two driving motors ; a cam-controlled worm wheel 
drive for controlling speed and direction of shaft rotation; 
a wabble-gear speed reducer; a device f o r  automatically 
shifting a back gear in and out as the torsional resistance 
of the driven shaft varies; and a mechanism for changing 
cam speeds independently of camshaft speeds. 

Other speed-changing mechanisms are described in Chap- 
ter 11 of Volume I and Chapter 10 of Volume I I  of Ingen- 
ious Mechanisms. 

Mechanism for Producing Speed Change by Reversing 
Driving Shaft.-The mechanism shown in Fig. 1 is employed 
on a machine for  fabricating a twisted wire product. This 
machine twists a group of wires together, the pitch or de- 
gree of twist being controlled by the rate at which the wire. 
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is fed into the twisting mechanism. The wire is twisted in 
one direction for a specified number of turns a t  a given 
pitch, and then twisted in the reverse direction for a num- 
ber of turns a t  a greater pitch. 

To obtain the required twist, the twisting mechanism is 
reversed while the feeding mechanism continues in the same 
direction but a t  an increased speed. The mechanism illus- 
trated simply provides for changing the speed of gear D 

Fle.1. M r s h d m D a l g l w d F o h h r ~ b h o c n ~ A ~ o ~ d l k 4 . * m ~ A  
R0tot.r In Dlrmlon Indlcotd by A m w  V, and to Contlnue to D h  Spm8k.t D In k m e  Dlrodbn 

but at a Ratlo of 1 to 1 when Shaft A Is R8vM.d. 

when the driving shaft A is reversed without changing the 
direction in which D rotates. 

Referring to Fig. 1, the shaft A rotates in the direction 
indicated by the arrow V. Gear B, which is keyed to shaft 
A and rotates with it, meshes with gear C. Gear C meshes 
with the internal gear D, which is a free running A t  on 
shaft A, causing it to rotate in the direction indicated by 
arrow X. The ratio between gears B and D of the mecha- 
nism, designed as illustrated, is 1 to 4, gear C acting as an 
idler while gear B drives gear D. Gear D is provided with 
sprocket teeth for the chain H, which transmits motion to 
the feeding mechanism a t  a distant point. 

The lever G is free to turn on shaft A, and supports gear 
C, which rotates freely on stud M. Ratchet wheel L is also 
free to turn on shaft A, and is riveted to lever G. Lever I is 
keyed to shaft A, and carries the pawl J ,  which is held in 
contact with ratchet wheel L by the spring K. Bracket E 
aupports the outer end of shaft A, which runs freely in its 
bearing. The pawl F, which engages ratchet wheel L, is also 
mounted on bracket E. As shaft A operates in a horizontal 
position, no spring is required to keep pawl F in contact 
with the teeth of ratchet L. All three views in Fig. 1 show 
the mechanism a t  the same point in the operating cycle. 

In operation, shaft A, rotating in  the direction indicated 
by arrow V, carries with it gear B and lever I. Gear C, 
meshing with gear B, rotates in the direction indicated by 
arrow 2, transmitting its motion to gear D in the direction 
indicated by arrow X at  a reduced speed of rotation in the 
ratio of 4 to 1. Although lever I and pawl J rotate with 
shaft A, no motion is transmitted to ratchet wheel L, the 
teeth of which are designed for engagement with the pawl 
when rotating in the opposite direction. However, the rota- 
tion of gear B, acting on gear C a t  the point of contact, and 
the resistance of gear D, acting on gear C a t  the point of 
contact on the opposite side, tend to produce a turning 
movement of lever G in a clockwiee direction. 
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As lever G and ratchet wheel L are riveted together, any 
motion or reactisn affecting one also affects the other. 
Hence, the reaction on lever G serves to maintain enFage- 
ment of pawl F with ratchet wheel L, which prevents clock- 
wise rotation of the ratchet wheel. Thus the axes of shaft 
A and stud M are maintained in fixed positions ; the assem- 
bly acts as  a simple gear train, the power being transmitted 
from gear B to gear D through idler C in the ratio of their 
pitch diameters. 

When shaft A, Fig. 1, which operates the twisting mech- 
anism, is rotated counterclockwise, or in the opposite dire* 
tion to that indicated by arrow V, lever I also rotates in that 
direction, causing pawl J, which rotates with it, to engage 
the teeth of ratchet wheel L, so that the ratchet wheel will 
be rotated in the same direction, the pawl F a t  this point 
becoming inactive. As ratchet wheel L and lever G act as  a 
unit, ratchet wheel L, stud M, and gear C rotate in the di- 
rection of arrow Y, with the axis of shaft A serving as  a 
center. As the center of gear C is now rotatillg about the 
same axis and a t  the same angular velocity as gear B, there 
can be no motion of gear C about the center of stud M as an 
axis. Therefore, gear C can no longer operate as  a gear, but 
merely serves as a connecting link for transmitting motion 
from shaft A directly to gear D. In this manner, the chain 
H is given a uni-directional movement at  two speeds, as  con- 
trolled by the direction of rotation of shaft A, which oper- 
ates a t  a uniform speed, but is periodically reversed. 

Two-Gear Speed-Reduction Mechanism Redesigned 
to Obtain Uniform Rotation.-Fig. 2 shows how the speed- 
reducing mechanism of the two-gear type illustrated and 
described in Volume I of "Ingenious Mechanisms for De- 
signers and Inventors," pages 340-342, was redesigned to 
obtain uniform rotation. A standard internal gear G and 
pinion C were modified to  operate without tooth interference 
in this redesigned mechanism. 

On the driving shaft A is mounted an eccentric B. The 

axis of driving gear C follows the motion of eccentric B, but 
is kept from rotating about its own axis by pin D, which 
works in the slot E. Linkage F i s  actuated by the eccentric 
B, which constantly maintains slot E in a perpendicular 
position through the action of the parallel links If, pivoted 
on studs J. Since the axis of gear C follows the motion of 
eccentric B and the gear does not rotate about its own axis, 

Flp. 2. Internal-extwrnal Gwor Roductlon Mwchanlmm which Pmvldn 
Uniform S pod. 

the motion imparted to the driven gear  G will be uniform 
and equal to . - 

N-n  
(R.P.M. of A )  X ( ) , in which N equals the num- 

ber of teeth in gear G and n equals t he  number of teeth in 
gear C. 

Cone Pulley with High-Ratio Epicyclic Reduction 
Gearing.-The cone pulley with epicyclic gearing shown in 
the cross-section view in Fig. 3 was designed to provide a 
high-ratio reduction drive f o r  the feed camshafts of several 
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horizontal drilling machines. For this application, the cone 
pulley P was required to make 338 1/3 revolutions for each 
revolution of the driven shaft S, The drilling machines 
were being used on special automobile work a t  a time when 
it was impossible to obtain new or improved machines. The 
problem of designing the high-ratio reduction-gear drive 
was complicated by the necessity for keeping the size of the 
unit within certain dimensions, in order to permit it to be 
assembled in the space available. The design and construc- 
tion of the reduction gearing unit was still further compli- 
cated by the fact that only a set of 16-pitch milling cutters 
was available for cutting the gears required. 

Under these conditions, i t  was necessary to deviate from 
standard practice with respect to center distances between 
gears and the depth of the gear teeth. The special gears 
made to meet the unusual requirements, while theoretically 
incorrect, have given years of useful service. Exact center 
distances and details of the special gears are not given here, 
since it is unlikely that readers who may wish to build a 
similar high-ratio gear-reduction unit will be handicapped 
by the restrictions under which this unit was designed. With 
modern facilities for cutting any size and pitch of gear 
desired, i t  should be comparatively easy to build a similar 
gear-reduction unit of almost any desired ratio. 

Referring to Fig. 3, the cone pulley P is of cast steel, 
flnished all over and accurately balanced. Pulley P is fitted 
with an Arguto wood bearing and is mounted on the hub 
of the fixed 47-tooth sun gear A. The integral hub extend- 
ing from the opposite side of sun gear A is pinned in a Axed 
position to the stationary housing G, which encloses two of 
the gears and is fastened to the drilling machine frame. The 
cone pulley is retained on the hub of stationary gear A by 
a fiber washer held in place by a dowel-pin and hexagonal 
head stud as shown. 

The follower planet pinion B, having 20 teeth which meeh 
with the teeth of sun gear A, ia pinned to the hub of the 
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first driving planet pinion C, having 21 teeth. Pinions B 
and C revolve on a pack-hardened and ground tool-steel pin, 
one end of which is supported in the heavy web of the cone 
pulley P. The other end of this pin is supported by the steel 
cover plate secured to the large end of the cone pulley. Al- 
though not shown in Fig. 3, a second set of planet pinions, 
identical to those shown a t  B and C and mounted in the 
same manner, is located in a position diametrically oppo- 
site that of the ones shown. 

The 49-tooth first-follower, revolving sun gear D meshes 
with planet pinion C and is keyed to the 24-tooth second- 
drive sun pinion E. The sun gear D and pinion E are fitted 
with a bronze bushing and run on the fixed hub of sun gear 
A. An annular groove in the face of sun gear D is fitted 
with a felt packing ring to retain oil in the chamber which 
encloses gears A and D and the two sets of pinions B and C. 

The driving sun pinion E meshes with the 68-tooth final 
driven gear F keyed to the camshaft S, which runs in a 
bronze bushing in the stationary housing G. The chamber 
enclosing pinion E and gear F has a felt packing ring for 
retaining the gear lubricating oil. This chamber is filled 
with oil up to the bottom of the bushing in pinion E. The 
chamber which encloses gears A and D and pinions B and 
C is kept about one-third full of oil. The inner surfaces of 
both oil retaining chambers were coated with insoluble 
paint. 

Three changes of speed are obtainable by shifting the 
driving belt on the three-step cone pulley. If necessary, the 
ratio between the speed of the cone pulley P and the driven 
shaft S can be reduced by using a smaller size driven gear 
F and a larger size driving pinion E. All gears a re  of ma- 
chine steel and are pack casehardened. The bores and bear- 
ing surfaces of the gears are all accurately ground and 
fitted. The oil in  the gear chambers should be changed fre- 
quently when the drives are new, flushing out the chambers 
with gasoline each time the oil is changed. After the gear- 

ing is well run in, oil need be added only a s  required to main- 
tain the proper level. 

It will be noted that in epicyclic gear trains gears that 
rotate on centers that also rotate are  called planet gears or 
planet pinions, and gears that revolve about a fixed center 
are called sun gears. A sun gear may also remain in a Axed 
position, as is the case of sun gear A shown in Fig. 3. The 
planet pinions are carried by a rotating. pulley, such as 
shown a t  P, Fig. 3, or a rotating arm, as indicated a t  P, 
Fig. 4. 

Fig. 4 is a diagrammatic lay-out of the epicyclic gearing 

fls. 4. Dla#rammatlc Layout of Eplcycllo Rdmctlon Qoaring 
U d  In Muhanlsm Shawn in Fig. 3. 
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shown in Fig. 3, and is used to facilitate making the mathe- 
matical computations required in designing the epicyclic 
gear train. The same reference letters are used in both 
illustrations to indicate the same part'. This latter diagram 
has been made to a scale of one-half actual size, the circles 
in Fig. 4 indicating the pitch circles of the gears and 
pinions, and arm P representing the pulley P. 

In the diagram, the arm P is shown rotating clockwise 
and carrying the pinions B and C with it. Since the teeth 
of pinion B are in mesh with the teeth of the stationary sun 
gear A and planet pinions B and C are keyed together, the 
latter two pinions revolve together in a clockwise direction 
as they rotate or are carried around the Axed sun gear A 
by pulley P. As the teeth of pinion C are in meah with those 
of sun gear D, the latter gear will be driven in either a 
clockwise or counter-clockwise direction, as determined by 
the epicyclic gearing ratio formula given in the fourteenth 
edition of MACHINERY'S HANDBOOK, page 844, Fig. 17. A p  
plying this formula, with the correct reference letter for 
each of the gears and pinions, we have the ratio 

A C 
R = 1 - - x - = ratio of gear reduction o r  fraction of 

B D  
a turn imparted to sun gear D by one revolution of the 
pulley or  driver arm P in which 

P = the pulley or driver arm ; 
R = ratio of gear reduction ; 
A = fixed sun gear with 47 teeth; 
B = planet pinion with 20 teeth; 
C E planet pinion with 21 teeth ; and 
D = driven sun gear with 49 teeth. 
Substituting numerical values (number of teeth in each 

gear) in the formula 

47 21 141 1 
wehave R =  1-- x-=l--=-- 

20 49 140 140 
Therefore, one revolution of the pulley or driver a rm P 

will turn the driven sun gear D 1/140 of a revolution. The 
direction of rotation will be counter-clockwise, o r  opposite 
that of the driver P, as indicated by the minus o r  negative 
sign which precedes the final result. Thus pulley P must 
make 140 revolutions for one complete revolution of sun 
gear D. 

Now, since pinion E, which has 24 teeth, is keyed to sun 
gear D and drives gear F, which has 58 teeth, the number 
of revolutions of pulley P required to obtain one revolution 
of gear F, or the camshaft S, is obtained by the equation 

58 

The direction of rotation of the camshaft is clockwise, or  
the same as that of the driving pulley P, as  will be seen in 
Fig. 4. 

It is interesting to note that a reduction ratio of 10,000 
to 1 can be obtained with only the four gears A, B, C, and 
D if they are made with 101, 100, 99, and 100 teeth, re- 
spectively. 

Quick-Change Two-Speed Belt Drive.-The two-speed 
belt drive shown in Fig. 5 was developed for  use on a certain 
machine. The design provides two speeds without the usuaI 
requirement of shifting or moving belts. Two sets of pulleys, 
A and B, fastened to the driving shaft C and the driven 
shaft D, respectively, by means of pins, are employed. 

Belts E and F are applied to their pulleys rather loosely. 
The rocker arms G and H, pivoted on the bearings J and K, 
are provided with two idler wheels L and A!. Spindles N 
and 0 serve t o  carry the idler wheels and tie the two rocker 
arms together into a single unit. The bar P provides a 
means of connecting the rocker unit to a suitable actuating 
mechanism. 
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The operation of the drive is very simple. In  the particu- 
lar application illustrated, a very slow starting speed is 
required. After the driven pulley has reached the starting 
speed, it is immediately accelerated by shifting the drive to 
the next pulley. In other words, the rocker unit is placed in 
position 1 for starting, and is finally shifted to position 2. 
In  thus operating the drive, the tension is first placed on 
belt E for slow speed and then shifted to belt F to obtain 
the high-speed drive. 

Flp. S. Two-rpood Quick-change Bolt Drlw. 

In addition to providing a very easy means of varying 
speeds, this drive also permits placing the equipment a t  a 
remote place and controlling the speed through suitable 
linkage to the bar  P. 

Friction-Drive Mechanism Designed for Stepless Speed 
Variation.-Speed variation without steps can be obtained 
by sliding a belt along opposed tapering driving and driven 
drums; by a V-belt, steel ring, or chain driving between 
pairs of adjustable conical disks which permit varying the 
effective diameters; or by friction disks a t  right angles. 

F1g. 6. Crlction-ddvo Mochanlsrn with Steploss Spoad 
Changes Obtalnd by Movlng Hand Lover. 

The single-lever control friction drive mechanism shown in 
Fig. 6 is designed to give stepless speed variation between 
a minimum and maximum speed. 

While heavy power transmission is not to  be expected of 
friction drives, the arrangement shown possesses the advan- 
tage of a double drive. Driving pulley A is keyed to the 
duplex friction bowl B and transmits motion to member C 
by means of the two intermediate disks D. The disks a r e  
mounted in swiveling forks attached to gear  segments oper- 
ated by a single lever E. With the disks in the horizontal 
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position, a s  shown in the right-hand diagram, the friction 
bowls run a t  equal speeds. A plus or minus movement of 
30 degrees provides a stepless variable-speed range in the 
ratio of 7 to 1. 

Variable-Speed Transmission.-The variable-speed drive 
shown diagrammatically in Fig. 7 was designed to replace 
the cone-and-belt type of drive employed on certain textile 
machines. I t  can, however, be applied to machines in other 
industries where a sensitive control is required which will 
respond instantly to a very slight variation in speed. 

The main shaft A is driven a t  a constant speed. The shaft 
B, which provides the desired intermediate speeds, is cast 
integral with a sleeve L. Lever V is keyed to the quadrant 
shaft U and is located outside of the mechanism housing. 
This lever is connected to the "evener motion" which con- 
trols the drive, causing i t  to increase or decrease the speed 
of shaft B as required. The position of the quadrant Q in- 
dicated in the diagram shows that shaft B is being driven 
a t  nearly its maximum speed. When the small hardened- 
steel friction-driven roller K is  almost at  the center of the 
leather-faced disk R, gear I on shaft J and gear H will be 
almost at a standstill. Gear G, being integral with H, will 
also be practically a t  a standstill. 

When gear G remains in a fixed position, shaft B is driven 
a t  its highest speed. Thus, if quadrant Q moves the shifting 
rod P and, consequently, the small friction roller K, toward 
the periphery of disk R, so that  the speed of gear G is one- 
fifth greater than the main shaft A, shaft B will be a t  a 
standstill. From this it will be clear that a slight movement 
of quadrant Q will make a great difference in the speed of 
gear G. The spring 0 insures driving contact of roller K 
and disk R. The pressure exerted by spring 0 is just suffi- 
cient to prevent slippage and yet allow roller K to slide on 
shaft  M, with its key sliding in  keyway W. The main shaft 
does all the work and the small roller and disk serve as gov- 
ernors only. The gears to the left of wall Z are enclosed. 
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Cam -Controlled Variable -Speed Drive.- By properly 
proportioning the four gears and cam that constitute the 
important parts of the drive shown in Fig. 8, i t  can be 
caused to give any of a great variety of speed actions, the 

simplest of which may be described as a n  intermittent or 
stop motion. When designed a s  a stop motion, it can theo- 
retically perform this action in any one of a variety of ways. 
The ratio of the period of stop and the period of motion may 
be of any arbitrarily chosen value. 

The number of stops per revolution may be either frac- 
tional or integral. To some degree, the stop intervals may 
have a non-uniform or non-periodic sequence. The action, 
instead of being the usual total arresting of motion, may 
also consist of merely a slowing down of the speed or i t  may 
be even more than a total stop--that is, i t  may be a momen- 
tary reversal of the motion. 

Fig. 8 shows a simple but genera1 arrangement of the 
device. The drive-shaft is shown a t  A and the driven shaft 
a t  C. Gear B, keyed to shaft A, drives gear D, keyed to shaft 
C, by means of back-gears E and F. At G is a cam that re- 
volves as a unit with gears E and F. The frame H of the 
back-gear is a rigid unit, but pivots o r  i s  free to oscillate 
about the common axis of shafts A and C. The frame H, 
with its gears and cam, rests on the cam-roller J. 

The gears B, E, F, and D constitute a train that may have 
any desired driving ratio within certain limits other than 
unity; that is, the ratio of B to  E must not be the same as 
D to F. The action of the mechanism is as  follows : The cam 
G rotates with the gears E and F, and as i t  rides on the 
roller J, its undulating contour gives a rocking motion ta 
the frame H, which impresses a motion on the rest of the 
mechanism, in addition to that given by the driving shaft 
A. Thus if shaft A is  held stationary, a movement of H will 
cause C and D to turn in one direction o r  the other, since 
the train value is not unity. 

On the other hand, if cam G is lifted free of the roller J, 
and H is held stationary, the only motion that A can impart 
to C will be that  transmitted by the gear train B, E, F, and 
D. Thus the motion of C due to that of H can be combined 
with that due t o  A, either positively or negatively, with the 
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consequence that the motion of C results a t  one time from 
the sum of the two  motion^ of A and H, and, a t  another 
time, from the difference of the two motions. By giving the 
proper value to the gear train B, E, F and D, and the proper 
contour to the cam G, any one of the actions mentioned can 
be obtained. 

Mechanism for Starting, Stopping, Changing Speed, 
and Reversing Output Shaft.-A mechanism with two 
driving motors which permits starting, stopping, changing 
speed, and reversing the output shaft without stopping the 
motors is shown in Fig. 9. This control over the driven 
shaft is obtained by means of differential gearing without 
the use of friction clutches, gear shifts, or  other well-known 
speed-changing and stopping devices, and is accomplished 
by simply changing the speeds of the two driving motors. 
This provides a stepless variation in driven shaft speed. 

Each of the four bevel gears A, C, D, and F have the same 
number of teeth. Gear C is keyed to the motor shaft M, and 
gear A is keyed to the output shaft B. Both of these shafte 
extend to the center of the cross-piece G, which is cast in- 
tegral with the spur gear H. The cross-piece provides a 
working bearing for gear H, as well as  a support for the 
shafts of bevel gears D and F. Pinion E is keyed to the 
motor shaft N. The gears E and H are in the ratio of 2 to 
1. The arrows on the faces of these gears indicate the direc- 
tion of rotation. 

Four tabIes of speeds, not shown, are used in operating 
the mechanism. These tables indicate the speed and direc- 
tion of rotation of the gears E, C, H and A. The tablee ahow 
that E, C, and H revolve in one direction continuously. The 
tables give the speed a t  which each motor must be operated 
to  g7ve the output shaft B any forward o r  reverse speed 
from 0 to  320 revolutions per minute in steps of 20 revolu- 
tione per minute, with the motor speeds ranging from 340 
to 660 revolutions per minute. Of course these epeeds may 
be increaeed. 
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With both motors operating at the same speed, bevel gear 
A and output shaft B remain stationary. In order to rotate 
the output shaft, the speed of one of the motors must be in- 
creased or decreased, depending on the direction in which 
the driven shaft is to  be rotated. 

To put the mechanism in operation, the motors are  started 
simultaneously and their speed advanced in synchronism 
to 500 revolutions per minute, for example, without impart- 
ing motion to shaft B. Then, on decreasing the speed of the 
motor connected to shaft N 10 revolutions per minute, and 
increasing the speed of the motor connected to shaft M 10 
revolutions per minute, for  example, the output shaft B will 
be driven a t  a speed of 20 revolutions per minute in the 
same direction as  shaft N. 

Or, similarly, if the speed of the motor connected to shaft 
M only is increased, i t  will cause an equal ratio of speed 
increase in the output shaft B, but will make it revolve in 
the opposite direction to that of the motor shaft M, and if 
the speed of the motor shaft N only is increased, i t  will cause 
a like ratio of increase in the output shaft B, but in the 
opposite direction to tha t  of the motor shaft N. While the 
tables show the speeds of the driven shaft obtained by in- 
creasing or  decreasing the speed of the motors by steps of 
20 revolutions per minute, the changes in speed are  actually 
stepless and accomplished by a smooth acceleration or de- 
celeration. 

Mechanism for Varying Speed and Directiorr of Shaft 
Rotation.-A mechanism for controlling the speed or direc- 
tion of rotation of the wheel or shaft of a machine is shown 
in Fig. 10. The worm A which drives the worm-wheel B is 
a sliding fit on the splined shaft C which rotates a t  a con- 
stant speed. The axial movement of worm A is controlled 
by the combined action of the yoke D, which is free to slide 
on the rectangular bar E, and the swinging cam-lever F, 
together with its actuating cam G. 

It will be seen that  the cam groove can be designed to give 

the worm-wheel any desired movement, a s  to speed and 
direction of rotation, within certain limits. For instance, if 
the worm is moved axially in the direction i t s  rotation would 
normally drive the worm-wheel, the speed of the worm- 
wheel will be increased. If the cam groove causes the worm 
to move axially in the opposite direction at a speed equiva- 
lent to the rotational speed of the worm-wheel a t  the pitch 
line, the worm-wheel will stop. By increasing the axial 
speed of the worm in the reverse direction, the worm-wheel 
will rotate in the reverse direction. Thus, with the com- 
bined movements of the worm and wheel, and the rack and 
gear action of this mechanism, i t  is possible to obtain varia- 
tions in speed and reversal of the direction of rotation. 

pig. 10. Mechanism for Vorylng Spmd and DIrwtlon 
of Shaft Rotorion. 
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Speed Reducer with Wabble-Gear Mechanism.-A 
wabble gear, cast in a mold made from a pattern originally 
designed for use in the production of gearing for boiler 
grates more than seventy years ago, performs a major func- 
tion in the rugged, 18-to-1 ratio speed reducer shown in 
Figs. 11 and 12. Although this mechanism may appear 

FIg. 12. Wabbl.-p*ar Sped-rductlon Moehantrm Uud to Drl*. 
Tumbling Bornl. 

somewhat crude, it has given excellent service for many 
years as a drive for tumbling barrels and similar equip 
ment. I t  has the advantage of being comparatively simple 
and inexpensive to construct. The jack-shaft A, which r u m  
at  a speed of 180 R.P.M., drives the link-belt sprocket B, 
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Fig. 12, at a reduced speed of 10 R.P.M., and further speed 
reduction can be obtained by selecting sprocket B and ita 
driven sprocket to give the desired speed, which in some 
cases may be as low as 2 R.P.M. 

The tooth profiles of the wabble gear C and the cast wabble 
pinion D developed to operate with it are shown in Fig. 13. 

Flg. 13 Wobbta-m.cn ond CaaanMcoly Mount4 Plnton of 1-1 R d o  
Spwd-rductlon M~chanl~m 

The strap E which is secured to pinion D by capscrews 
F, as shown in Fig. 12, is also a casting. The retaining col- 
lar G serves t o  keep the eccentric H in place and to prevent 
the screws F from working loose. The eccentric H is keyed 
to the jack-shaft A, The wabble lever locator J is positioned 

in the slot of wabble lever E. As indicated in Fig. 11, the 
end of locator J has 1/8 inch clearance or play on both sides 
of the slot in wabble lever E when i t  is in the center-line 
position. 

Jack-shaft A, Fig. 12, is 1 15/16 inches in diameter, and 
the reduction mechanism is mounted as near to one end of 
the shaft as possible to facilitate assembly. Collars K and 
L are made light drive fits on shaft A and are tapped to 
give a tight fit for the retaining set-screws. Fiber washers 
M and N and the Arguto oilless bearing P give good service 
over a long period of time. 

Referring to Figs. 11 and 12, i t  will be obvious that when 
shaft A is revolved, the eccentric H keyed to i t  will cause 
the center S of the wabble pinion D to follow a circular path 
about the center of shaft A. Since the wabble lever E pre- 
vents the wabble pinion gear D from revolving about its 
axis, the circular motion imparted to pinion D serves to 
revolve the wabble gear C through the equivalent of one 
tooth space for each revolution of eccentric H. As there 
are eighteen teeth in wabble gear C, shaft A will make 
eighteen revolutions to one revolution of the sprocket B at- 
tached to the wabble gear. 

Automatic Back-Gear Shifter.-A device for automati- 
cally shifting a back-gear in and out as  the torsional resis- 
tance of a shaft varies is shown in Fig. 14. This mechanism 
is a part of an automatic drill-press feeding device. Shaft 
Q is connected to the drill-press feed-spindle through an 
adjustable slip clutch (not shown), and motor-shaft A is the 
source of power. The automatic shifting of the back-gear 
permits the use of a small motor to deliver the high thrust 
necessary at  the drill point for drilling large holes, and a t  
the same time permits rapid traverse of the drill to and 
from the work. The back-gear is automatically disengaged 
for drilling small holes. 

Hub B is keyed to input shaft A. Cantilever leaf springa 
C, attached to hub B, are under suffIcfent initial strain to 
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transmit full torque through spherical-ended pins D with- 
out slippage. Collar E, gear H, and worm N are pinned to 
shaft F. Cluster gear J, which is supported in frame M, is 
in constant mesh with gear H and idler gear G. Warm-gear 
P is pinned to shaft Q. The thrust collar K floats on s h a f t  
F and supports the compression spring L. 

At the start of the cycle, input shaft A drives shaft  F at 
the same speed through the gripping action of pins D on 
collar E. During this time, gear G, which is a sliding fit on 

Fig. 14. Back-pwr J h Automotlcdly Engaged or Mungoged os Tonlonot 
Rwlstoncs of Shaft Q i n o o o m  or D.crrose% 

shaft F, is idling a t  high speed. When the reaction of w o r m  
N to the torsional resistance of shaft Q builds up sufficiently 
to overcome the load exerted by spring L, shaft F will s h i f t  
axially to the right. Thus pins D will transfer their t o rque  
from collar E to the hub of idler gear G, thereby t ransfer-  
ring the drive through the cluster gear J, or back-gear, to 
shaft F. The back-gear is automatically disengaged u p o n  
the reversal of the input shaft A. 

On this particular mechanism, the input shaft delivers 
1/12 H.P. a t  1500 R.P.M. Gears having 24 pitch furnish a 
4 1/2 to 1 reduction through the back-gears. Pins D, collar 
E, and the hub of gear G are hardened. The initial load on 
spring L must be set lower than the minimum worm reac- 
tion to prevent pins D from dwelling a t  the parting line of 
collar E and gear G. 

Mechanism for Changing Cam Speeds Independently 
of Camshaft Speeds.-A mechanism for reducing the ro- 
tary speed of a cam without altering the speed of the shaft 
on which the cam is mounted is shown in Fig. 15. This 

Fig. IS. Internal Spur Gear Tooth Cut in Cam Permlh Reduction in Cam 
Speed wlthout Changing Camshaft Speeds. 

mechanism was applied to a machine for winding flat wire 
on spools. The wire-gaiding mechanism was required to be 
operated by a uniform-motion cam, maintaining a definite 
rate of travel over a specific distance. 

Because of a reduction in the width of the flat wire being 
spooled, i t  became necessary to decrease the rate of travel 
of the guiding mechanism by approximately ond-third with- 
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out altering the distance traversed or  the speed of the am- 
shaft, which operated other mechanisms. 

To accomplish the required difference in rotary speed 
between the cam and its shaft, gear teeth were machined 
in  the bore of the cam C to engage a spur gear B, which was 
assembled to the shaft A. The ratio of internal gear teeth 
t o  the spur gear teeth was made approximately 3 to 2. Thus 
the cam, which rotates about center line Y-Y, revolvea at 
two-thirds the speed of the shaft, which rotates about the 
original center line X-X. In this way, the follower rol l  D, 
which actuates the wire-guiding mechanism, is driven at 
one-third the apeed of shaft A. 

CHAPTER 13 

Speed Regulating Mechanisms 
Machines which wind material such as  paper, cloth or 

metal strip on spools or reels or which form or twist wire 
may require a synchronous rotation of two shafts with or 
without a n  occasional momentary acceleration or retarda- 
tion of one shaft with respect to the other. In other ma- 
chines the speed of the driven shaft must be maintained 
within close Limits. The mechanisms described in this chap- 
ter have been designed to perform such special speed con- 
trolling functions. They include a hand-controlled arrange- 
ment for maintaining constant speed of a pull-roll unit; a 
friction-driving device which maintains web tension of 
rolled material within close limits ; an automatic speed con- 
trol for providing constant cutting speed on a lathe ; a hand- 
operated mechanism for advancing a gear driven shaft 
while it is  operating; a mechanism for insuring synchronous 
operation of two hand-operated shafts; a mechanism for 
obtaining a special cycle of apeed relationships between two 
shafts; a mechanism for varying the pitch and twist in 
wire twisting machines; a mechanism which is used with 
a fluid power variable speed drive to maintain speed within 
1/4 per cent of desired values. 

Constant-Speed Pull-Roll for Winding Metal Strips.- 
Certain classes of metal strip material, after being put 
through various cleaning processes, are wound on steel 
spools mounted on a revolving shaft. The diameter of the 
spool hub, on which the metal is wound, is usually 6 inches, 
The spools were originally driven a t  a apeed of 100 revolu- 
tions per minute. With this arrangement, the surface speed 
a t  the beginning of the winding operation was about 150 
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feet per minute. As the coil of metal became larger diamet- 
rically, the surface speed increased proportionately. The 

result was that by the time the full length of metal had been 

Flg. 1. Comtont-rpsed Rolls for Pulling Metal Shlp thtO~gh 
Procaraing Mochlne and Wlndlng it on Met01 Spool. 

wound around the spool, the surface speed had been in- 
creased about 100 per cent. This increase in speed resulted 
in scratched stock, which frequently had to be rejected. 

As the processing operations required certain speeds for  
best results, i t  was necessary to maintain a constant wind- 
ing speed. To meet these requirements and to overcome pre- 
vious difficulties, the constant-speed pull-roll unit shown in 
Fig. 1 was built. This unit consists primarily of two large 
rolls B and C, driven a t  a constant speed and mounted one 
above the other on suitable bearings in a n  all-welded frame 
of standard structural steel. This unit also contains a 
square-ended revolving shaft E, mounted in bearings located 
on the outside of the main frame. The steel winding spool 
D slips over shaft E, the square end of which drives the 
spool. 

As the metal strip W comes from the processing ma- 
chine, it passes over the guide roll A. From roll A it passes 
under and part way around the pull-roll B, thence upward 
and half way around the pull-roll C to the winding spool D 
on the shaft E. From the illustration i t  will be noted that 
there is a small space between the pull-rolls. This space is 
necessary to allow the joints of the material to pass between 
the pull-rolls. 

The unit is driven by a chain from the motor located be- 
low the pull-rolls, spur gears F and G transmitting power 
from one roll to  the other. From pull-roll C a chain drives 
the winding spool D through friction disks H and I .  More 
or less friction is obtained by turning handwheel J on the 
threaded bronze sleeve K which fits over the main shaft and 
is fastened to the rear bearing L. 

As handwheel J is moved either clockwise o r  counter- 
clockwise, the compression spring M increases o r  decreases 
the pressure on the friction disk I ,  so that the desired ten- 
sion is maintained on the metal being wound. Thus the 
speed a t  which the metal is wound on the spool remains 
constant no matter what the diameter of the coil may be, 
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the slipping that occurs between the friction disks compen- 
sating for the difference in  speed. The rolls B and C do all 
the pulling of the metal through the processing machine and 
they also regulate the speed of the machine and govern the 
winding spool speed. 

Friction Driving Mechanism for Rewinding Roll.-A fric- 
tion driving mechanism that  has been found practical as a 
means for driving a roll used in rewinding a paper or cloth 
web is shown in the accompanying illustration. This mech- 
anism was designed specifically for rewinding cloth on a 
dyeing pad. Modern printing presses and paper-coating 
machines are, of course, equipped with an elaborately de- 
signed unit for  automatically controlling the web tension 
and compensating for the constantly increasing diameter 
of the roll of rewind material. For a small proving press 
or  laboratory model, however, the use of a simple and flex- 
ible friction driving unit is desirable. 

Me. l. Wndlng Roll Lqolppod wltb h k t b n  M a b l k  

In this case, the rewind unit i s  not required to pull the 
web through the operating rolls. It is only necessary for  
the unit to keep the material under tension within limits 
that will prevent wrinkling. Owing t o  the light amount 
of power needed, the friction adjustment must be very 
sensitive. 

Referring to Fig. 2, the speed of the driven pulley D must 
be so adjusted that it is approximately 2 per cent higher 
than the minimum web speed when starting a t  the small 
diameter of the rewind core W. Pulley D is a running fit 
over bronze hub C, which is secured to  the extension shank 
of the rewind roll A by set-screws or  dowels. Two leather 
washers E on each side of the pulley provide the necessary 
friction for driving the roll when sufficient pressure of 
spring H is applied to collar F. All bearings are of the anti- 
friction type, including the roll-supporting bearing in the 
frame B. 

A feature of this rewind mechanism is  the spring pres- 
sure adjustment provided by stud J and nuts I ,  which can 
be easily changed while the machine is in  operation. The 
thrust ball bearing G is preferred to  a n  ordinary thrust 
washer because the face of the latter, revolving against the 
end of spring H, would reduce the sensitivity of the 
mechanism. 

Automatic Variable-Speed Control Maintains Constant 
Cutting Speed when Facing Disks.-An automatic speed 
control applied to a Gisholt Simplimatic lathe in the ma- 
chine shop of the Reeves Pulley Co., Columbus, Ind., makes 
it possible to maintain a constant cutting speed when facing 
disks. In other words, the number of revolutions per min- 
ute of the work decreases a s  the tool moves toward the cir- 
cumference of the disk. 
The machine is used for  turning and facing disks in sizes 

up to 20 inches in diameter. The drive consists of a motor- 
ized mechanical variable-speed transmission with mechani- 
cal automatic speed control, arranged so as to provide a 
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uniform cutting speed as the tool moves from the smallest 
diameter at  the hub to the largest diameter a t  the circum- 
ference. 

The speed control device is connected by a cable to the 
cross-feed of the lathe. As the cutting tool moves outward 
from the hub of the disk being faced, its movement is trans- 
mitted through the cable to the indicating lever of the me- 
chanical variable-speed device, which, by means of a chain 
drive, transmits power to the speed control unit. The latter, 
in turn, is connected through a reducer and coupling to the 
drive-shaft of the lathe. Thus, as  the cutting tool moves 
out, the motorized variable-speed transmission drive unit is 
automatically regulated to reduce the number of revolutions 
per minute of the disk, thereby maintaining a uniform c u t  
ting speed. 

Lever-Operated Mechanism for Advancing Gear-Driven 
Shaft.- In operating a wire-forming machine, it is neces- 
sary to maintain a certain amount of slack in the wire as it 
passes through the machine. At times, the slack is taken up 
as a result of uncontrollable conditions and must be in- 
creased while the machine is in operation. Fig. 3 shows the 
construction of a mechanism by means of which the amount 
of slack is manually controlled. 

The shaft A, rotating in the direction indicated by the 
arrow, normally drives shaft E through the gears C and D, 
the ratchet teeth cut on the side of the collar B, which is 
keyed to shaft A, being engaged with similar teeth cut on 
the hub of gear C. Spring H serves to maintain contact be- 
tween the ratchet teeth, so that gear C is positively driven. 
Fig. 3, however, shows the ratchet teeth partly disengaged. 

The sleeve F is splined to shaft A and rotates with it, but 
is capable of axial movement, being moved to the left, as 
shown, when pressure is applied to the left-hand collar I by 
the handle K through the fork-shaped lever J .  The spring 
H normally holds sleeve F in contact with the frame a t  M. 
Two pawls G are carried on sleeve F and are held in contact 
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with the ratchet teeth on the right-hand side of gear C by 
springs L. 

As sleeve F is splined to shaft A, i t  normally rotates with 
it, the ratchet teeth in collar B and gear C being engaged 
and the pawls G merely resting on the ratchet teeth on gear 
C. In this position, the pawls G do not in any way aid in 
transmitting motion to gear C. Thus the entire assembly 
on shaft A rotates as  a unit. 

When it is necessary to increase the slack in the wire, the 
handle K is depressed, causing lever J to move sleeve F to 
the left, as  shown, and the pawls G to spread or flatten out 
similar to toggle levers. As these pawls spread, they exert 
a turning effect on gear C, advancing it relative to collar B 
and causing the ratchet teeth on the hub of gear C to ride 
over those on collar B. When gear C has been thus advanced 
a distance equal to one tooth space, spring H causes i t  to 
slide to the left and re-engage the teeth on collar B. 

Mechanism for Insuring Synchronous Motion.-On a 
machine for fabricating a wire product, two shafts, oper- 
ated by means of hand-levers, actuate a tension mechanism. 
The shafts are required to operate practically in unison, a 
narrow range of latitude being allowed. Gearing the shafts 
together appeared to be the solution, but this method proved 
unsatisfactory, as, a t  times, one shaft was driven by the 
other. resulting in torsional stresses, which were objection- 
able. In  order to insure equal power application and syn- 
chronous movement of the two shafts, the arrangement 
shown in Fig. 4 was devised. 

The two gears A and B are carried on the shafts and mesh 
with the double rack C, which floats between them. Rack C 
carries a serrated slot a t  its lower end. A serrated pin D, 
fastened in a stationary part of the machine, is located in 
the slot of rack C. Pin D is given a minimum amount of 
clearance in the slot, the clearance being shown somewhat 
exaggerated. The plate E, which serves as a guide for rack 
C, is broken away to show the pin D. 

In operation, if either of the handles is moved ahead of 
the other, the action of the gear on tha t  shaft causes the 
rack C to swing on the teeth of the other gear as a fulcrum, 
so that the serrations in the slot of the rack engage the ser- 
rations on pin D, thus preventing further movement until 
the other handle is given a corresponding movement, thus 
disengaging the slot serrations from pin D. 

Fig. 4. Mwhanlnm h i g n e d  to Insure Synchronous Movement 
of Two Leverr under Equal Torqua. 

Mechanism for Obtaining Irregular Rotating Move- 
rnent.-A machine for fabricating a wire product has two 
spindles that perform twisting operations in synchronism 
through approximately half of the operating cycle. During 
the remainder of the cycle, i t  is necessary for  one of the 
spindles to accelerate its speed of rotation or  to advance 
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ahead of the other, returning to synchronous operation after 
a specified point in the cycle has been passed. The mecha- 
nism developed to obtain the necessary movement is shown 
in Figs. 5 and 6. 

Referring to Fig. 5, gears B and D a re  driven by pinion 
C, rotating in the direction indicated by the arrows. Gear 
D is keyed to shaft K, while gear B i s  free on shaft A. 
Shaft A is supported in bearing L, which has a flange on 
one side on which cam H is mounted. Lever E is keyed to 
shaft A, and carries a t  its upper end the shaft M to  which 
lever F and pinion J are keyed. 

Lever F carries roller G, which rolls on cam H. Pinion J 
meshes with gear segment I, which is carried on, and rotates 
with, gear B. The boss on the upper end of lever E is ex- 
tended to pass through the slot in gear B, as shown. 

In operation, the rotation of pinion C is transmitted to 
gears B and D, which rotate in synchronism a t  a uniform 
rate. As gear D is keyed to shaft K, the latter rotates with 
it. Gear B, however, not being keyed to  shaft A, does not 
transmit motion directly to shaft A. As shown in Fig. 5, 
the extended boss of lever E is in contact with one end of 
the slot in gear B; thus the motion of gear B is transmitted 
to shaft A through lever E in the direction indicated by the 
arrow, the effect being the same as  though shaft A were 
driven directly by gear B. 

Referring now to Fig. 6, in which bearing L is cut away 
to expose lever F, the rotation of gear B has caused roller 
G to rise to the high point of cam H and begin descending 
the other side of the cam. When roller G begins to ascend 
the rise of cam H, a rotative motion is imparted to pinion J 
through lever F and shaft M. This rotative motion of pinion 
J, which is in mesh with gear segment I, causes a slow rota- 
tive motion to be imparted to lever E in the same direction 
as the driving motion transmitted to gear B. As lever E is 
keyed to shaft A, any movement of E causes a change in the 
relative positions of gear B and shaft A. 
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When roller G reaches the high point of cam H, the entire 
assembly again rotates as a unit, their relative positions 
remaining unchanged until roller G begins to descend to the 
low point of cam H. In effect, shaft A is first given an accel- 
erated movement, because the motion imparted by lever E 
is added to that imparted by gear B. The accelerated move- 
ment of shaft A is followed by a decelerated movement due 
to the reverse motion of gear J when lever E is returning 
to its original position. 

The frictional resistance of the assembly, as used on the 
machine, combined with the resistance of the twisting oper- 
ation, is usually sufficient to maintain contact of roller G 
with cam H; a t  high speeds, however, it may be necessary 
to attach a spring to lever F to maintain contact of the roller 
and cam. 

In Fig. 6, the perpendicular radial center lines NO and 
PQ indicate the relative positions of gears B and D, and of 
lever E. In Fig. 6, center lines NO and PQ indicate that 
gears B and D have rotated approximately 150 degrees in 
synchronism. Center line R, through lever E indicates a 
rotation of 180 degrees of lever E, the angular advance of 
shaft A relative to gear B being indicated by angle X. 

Wire-Twisting Mechanism Designed to Vary Pitch of 
Twist.- The purpose of the mechanism shown in Fig. 7 is 
to twist two lengths of wire A and B together, the pitch of 
the twist being varied to suit certain requirements. The 
two wires are fed a t  a uniform rate of speed through the 
twisting spindle C, the rotating speed of the spindle being 
automatically varied, so that a definite number of twists of 
uniform pitch are produced, followed by twists of constantly 
varying pitch. The wires twisted together in this manner 
are later cut to length. The two views in Fig. 7 show the 
interesting mechanism which was designed to produce the 
required variations in the speed of rotation of the twisting 
spindle. 

As shown in Fig. 7, the bearing I supports the driving 
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shaft J from which the mechanism receives its motion. 
Lever K is keyed to shaft J and carries the roller L at its 
outer end. Gear E is keyed to shaft M, which is carried on 
one end of the lever N. The roller L fits in a groove of gear 

Fig. 7. Mmchodsm o f  Wlm Trlsttng Mochlm D.rlgrwd k Vsv S p n d  .t 
&or E and Spindle C. 

E and is used to transmit the rotary motion of shaft J to 
gear E. The internal cam G is keyed t o  the shaft  M, and 
therefore rotates in unison with gear E. 

The roller H, carried on stationary bracket 0, travels in  
the groove in cam G. Lever N is supported freely on the 
hub of bearing P within which the spindle C rotates. Spindle 
C is provided with two holes through which the wires A 
and B pass, and receives its rotary motion from the gear E 
through the pinion D. The wire reel Q is  carried on the hub 
R, which rotates with spindle C. 

Referring to Fig. 7, the gear E is rotated in the direction 
indicated by the arrow, receiving its motion from shaft J 
through lever K. The spindle C is  rotated in the direction 
indicated by the arrow, receiving its motion from gear E 
through pinion D, the ratio in this case being 8 to 1. The 
relative positions of shafts J and M a r e  controlled by the 
position of the roller H in the groove in cam G. 

In the position which is shown in the view at the top of 
Fig. 7, the axes of the shafts J and M coincide, and the a rc  
of travel of roller L, indicated by the line XX in the lower 
view, is concentric with the axis of shaft  M. Therefore, a t  
this point, there is no movement of roller L in the groove 
on the back of gear E and the speed of rotation of gear E 
is uniform and a t  the same rate a s  that  of shaft  J. As the 
wires A and B, which are wound double on reel Q, a re  fed 
through spindle C a t  a uniform rate of speed, a twist of uni- 
form pitch is formed as long as the roller H remains in the 
lower portion of the groove in cam G .  

Referring to Fig. 8, continued rotation of gear E has 
brought the high point of cam G into operation on roller H, 
causing cam G and gear E to be raised by the lever N, 
swiveling on bearing S. In this position, the axes of shafts 
J and M no longer coincide, being separated by the distance 
T. Owing to the change in the position of gear E,  i t  will be 
noted that the path of roller L, indicated by the line YY, is 
no\!. closer to the pitch line of gear E than shown in Fig. 7. 
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The effect of this change is twofold. The peripheral speed 
a t  the pitch circle of gear E, when the gear is in the position 
shown in the lower view in Fig. 7, is greater than a t  the path 
followed by the roller L, in the ratio of the difference of 
their radii. In  the view shown in Fig. 8, the path of roller L 
is closer to the pitch line of gear E, and although gear E 

Flg. 8. I n  this PosIHon Splndl. C Rototu at a h r  Rote of Sp . .d  than ln 
Poritlon In Fig. 7, end Gear E is Given o VorloM* Sp. .d  Rotollon. 

and lever K are still rotating on the axes of their respective 
shafts, the change in the relative positions of the axes of 
shafts J and M produce the same effect a t  this point as 
would occur had the length of lever K been increased a 
corresponding amount. 

As the speed of rotation of spindle C is governed by the 
peripheral speed of the pitch circle of gear E, spindle C is 
rotating a t  a lower rate of speed when in the position shown 

in Fig. 8 than when in the position shown in Fig. 7, the 
effect being to give a greater pitch twist to the wires A 
and B. 

The second effect of separating the axes of shafts J and 
M is to produce a variable rotation of gear E. Regardless 
of the relative positions of the two axes, the effective length 
of the lever arm in transmitting motion from shaft J to 
shaft M is equivalent to the distance between the axes of 
these two shafts a t  any given point in the cycle, as indicated 
by the distance W. This distance will be greatest, and the 
rotation of gear E will be slowest, when the axes of shafts 
M and J and roller L are on the same straight line. As 
shown in Fig. 8, this point has not quite been reached. 

When this point is passed, the length of the lever arm is 
gradually reduced, as indicated by the dimension V. Dur- 
ing this period, spindle C is being rotated a t  a variable 
speed, thereby producing a twist of varying pitch in the 
wires. When the lower portion of cam G is again brought 
into action on roller H, the axes of shafts J and M again 
coincide, and spindle C rotates a t  uniform speed. 

Precision Variable-Speed Mechanism Employed in Oil- 
gear Drive.-The mechanism to be described is used in con- 
junction with fluid-~ower variable-speed drives designed to 
give precisely the driving speed desired, regardless of fluc- 
tuations in the speed of the drive to the pump end of the 
unit resulting from variations in the load, oil temperature, 
running fits, or power-line currents. 

These precision variable-speed drives, developed by the 
Oilgear Co., Milwaukee, Wis., comprise a standard Oilgear 
fluid-power transmission with a Micro Servo-Motor stroke 
control cylinder which adjusts the pump stroke to give 
exactly the required hydraulic motor speed. Oil is admitted 
to the control cylinder by a pilot valve, actuated by a small 
differential unit which continuously compares the hydraulic 
motor speed with an accurate time-measuring unit or  with 
the speed of any desired master unit. 
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One of the Oilgear units, when driven by an  ordinary 
induction motor or Mneshaft, will drive its load a t  any 
desired speed, either constant, adjl.lstable, or continuously 
varying between zero and maximum. 

HYDRAULIC 
PUMP 

HYDRAULIC 
MOTOR 

0 

Fig. 9. Fluid Power Drive with Precision Speed Control Employinp Synchronous 
or Selryn Motor M as Master Speed Unlt. 

The mechanism, which maintains the speeds within 1/4 
per cent of the desired values, is shown in Fig. 9 equipped 
with a small synchronous or Selsyn motor M, which serves 
iis the accurate time-measuring unit. In cases where the 
frequency error in the power current supply available for 

motor M is as  much as 0.3 per cent and a closer control of 
speed is desired, the pendulum type precision control shown 
in Fig. 10 may be used. In this mechanism, pendulum P 
takes the place of motor M shown in Fig. 9. 

The essential principle of the differential time precision 
control, as shown in Figs. 9 and 10, is that the hydraulic 
motor, driven by the flow of power from its variable-stroke 
pump, transmits the resulting speed to a differential com- 
parator. This differential also receives a standard or master 
speed time control from the small synchronous motor M 
(Fig. 9) or the pendulum P (Fig. 10) which serves as 
time control units, or from some other unit such as  a roll 
stand o r  float roll measuring control. I n  any case, the dif- 
ferential continuously compares the actual speed with the 
master speed and translates every discrepancy into exactly 
the increase or decrease of pump discharge necessary to 
correct the error. 

It should be noted that while the use of a pendulum elim- 
inates frequency error, i t  also limits the speed at which 
the comparator acts, and thus results i n  a slower response. 
When the master speed disk is driven by a motor, the action 
of the disk type control is so quick that  fluctuations of speed 
due to ordinary load changes a re  caught and corrected 
within about one-tenth of a second. With moderate load 
fluctuations, such as usually exist in a continuous process- 
ing plant, the momentary governing errors are  held within 
1/4 of 1 per cent, plus o r  minus, while the integrated error 
over a period of t i m ~ a y ,  ten seconds or  mor+is too 
small to  be measurable by a stop-watch. 

The differential time disk type control is shown in i ts  
usual form in Fig. 9, with a small synchronous or Selsyn 
motor M furnishing the master speed. If M is a synchro- 
nous motor, the control is by "time," and the speed of the 
hydraulic motor is given in  revolutions per minute. If M 
is a Selsyn motor, i t  receives its current from a Selsyn gen- 
erator driven by ita master unit, and follows the speed of 
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that master through its entire range from the standstill or 
stationary position to maximum speed. 

The master speed is transmitted to the differential mech- 
anism through the friction-disk ratio-changer, comprising 
a movable idler disk A that is spring-pressed between the 
driving or master disk B and the driven disk C. Disk A is 
mounted in a slide-block, and is adjustable by push-button 
control motor N or by a manual or float-roll control through 
cam D and segment E. 

The master speed, as modified by the ratio-changer, is 
transmitted by gear teeth in the edge of disk C to a gear 
integral with the sun pinion F, which is the first leg of the 
differential comparator already mentioned. Planet gear G 
is mounted on a radial valve actuating crank H (the third 

I HY DRAULIC HYDRAULIC 
PUMP MOTOR 

1 L 
Rg. 10. Drlw Simllar to h t  Shorn In Fig. 9 but r l th Different T m  of T l m l n ~  Unit. 

leg of the differential) which, in turn, actuates pilot valve 
J through floating lever K. Planet gear G also meshes with 
an internal ring gear L which is exactly twice the diameter 
of sun pinion F. 

Any movement of the pilot valve resulting from rnove- 
ment of the axis of the planet gear and crank H changes 
the pump stroke and hydraulic motor speed. To hold pilot 
valve J stationary, ring gear L (the second leg of the dif- 
ferential) must be driven by the hydraulic motor a t  exactly 
one-half the standard speed of gear F. Any discrepancy will 
result in a slight movement of valve J, permitting oil from 
gear pump 0 to enter the pump-stroke changing cylinder Q, 
and thus increase the pump discharge, or permitting oil to 
escape from Q, which will reduce the pump discharge. When 
the change in pump discharge has corrected the motor 
speed, so that it again balances the speed of the differential 
gears, the pilot valve will resume its neutral position. 

An essential part of the mechanism is the follow-up lever 
R which responds to the movement of the pump slide-block, 
and by means of link S,  closes the pilot valve a s  soon a s  the 
required correction has been made, thus preventing the 
so-called "hunting" action. As the disks A, B, and C are 
made of hardened steel, are  accurately ground, and trans- 
mit no appreciable power, they show little or no wear after 
long service. This is true even when the speed is not 
changed and idler disk A runs in one location continuously. 

A characteristic feature of the drive described is that  it 
cannot be overhauled by a decelerating inertia load, so that 
winders and unwinders for paper machines, super-calenders, 
printing presses, textiles, strip and foil, etc., driven by the 
differential time controls will automatically s tar t  and stop 
heavy rolls of material without sag o r  added strain in the 
web. By means of the precise speed adjustment of the 
disk control, two or more rolls of paper or foil can be un- 
wound from rolls of different diameter a t  identical surface 
speeds and at uniform tensions, and laid together. 
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CHAPTER 14 

Feed Regulating, Shifting and 
Stopping Mechanisms 

In all machines which perform operations on parts or 
on material, means must be provided for  regulating, shift- 
ing and stopping the feed of either a tool or the work. Such 
mechanisms may be utilized to obtain coarse or fine feeding 
movements; to adjust the amount of automatic feed; to 
proceed through a complete cycle of advancement, cutting, 
withdrawal and replacement of workpieces; to properly 
position work for drilling or  cutting; to stop the rotation 
of work in a particular angular position; to shift from one 
work-performing mechanism to another ; and to stop opera- 
tion of a machine when no more material or work is avail- 
able for  feeding. These and other operations are  performed 
by the mechanisms described in this chapter. 

Other mechanisms which perform similar functions are 
described in Chapter 16, Vol. I and Chapter 14, Vol. I1 of 
Ingenious Mechanisms. 

Mechanism for Obtaining Coarse and Fine Feeding 
Movements.-It was in conjunction with the building of a 
small milling machine type of grinder for cutting slots 
1/16 inch wide by 1/8 inch deep in some square, hardened 
pieces that the screw and w.orm-wheel mechanism shown in 
Fig. 1 was developed for  the purpose of obtaining a quick 
approach to the grinding wheel and a fine feed for grinding 
the slot. A rubber cutting wheel was used for the slot- 
grinding operation. 

The screw or worm A is a close sliding fit in the bore B 
and engages tTne worm-wheel C as shown. The worm-wheel 
is pinned to the stud D which has a bearing in  the cast-iron 
bracket E. The stud D is made square a t  F to accommodate 
the lever G, and is threaded to receive the knurled nut H. 

In operation, the handle K of lever G is moved in either 
direction. This causes the screw A t o  slide in or out with 
much the same action as a rack operated by a pinion. After 
using the lever to bring the work into the grinding position, 
the knurlea nut H is tightened to hold the lever stationary. 
A fine feeding movement can then be obtained by turning the 
knurled nut J, worm-wheel C acting as  a fixed nut for  the 
screw A. 

Fl#. 1. Mwhonlsm In  whlch Worm Qeor C A& os o Plnlon and 
Worm A k r w s  os a Rock 

Fine Feeding Mechanism Adiustsble from 1 to 50 
Microns per Revolution.-The fine feed of carriage U ,  Fig. 
2, adjustable in increments of 1 micron from 1 to 50 microns 
(1 micron = one millionth of a meter or 0.000039 inch) per 
revolution of drive-shaft C, was obtained by means of the 
mechanism illustrated in Figs. 2 to 6. This design eliminates 
the reciprocating parts commonly encountered in feeding 
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devices, which might cause vibration and chatter. The index- 
wheel &, Fig. 3, can be turned in either direction while the 
machine is in operation, thus increasing or decreasing the 
feed within the range for  which the mechanism is designed. 
The feeding range can be increased to any number in excess 
of 50 microns by increasing the diameter of the ratchet and 
cams to obtain the desired change in feed. 

An advantage of this mechanism is that the fine feeds are 

Fig. 2. End VIew of fead lw  Mechanism Token T h m w h  kction %X 
of Fig. 3. 

obtained with standard tolerances and parts. Commercial 
gears with some backlash are  satisfactory. The ratchet 
wheel M has a relatively coarse pitch of*3/32 inch, with a 
correspondingly long life f o r  the tooth of pawl H. The feed- 
screw T is 1/2 inch diameter with a 2 millimeter pitch 
thread which is relatively coarse for such a fine feed. The 
only point where extreme care must be exercised is between 

Fig. 3. Saction Y-Y of Fig. 2 Showlns Troln of Mechcnlsm behean  Drive 
Shoft C and Feed Screw T. 

the feed-screw and the carriage nut, i t  being necessary to 
prevent any backlash. 

Another advantage of this mechanism is that it is com- 
paratively silent in operation. In conventional reciprocating 
type of feeding mechanisms, the pawl, on the return stroke, 
usually rides over the ratchet teeth and makes an annoying 
clickinr noise. It  also tends to wear both the pawl and 
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ratchet teeth. This action is eliminated in the mechanism 
described. 

The feeding mechanism consists essentially of a base A, 
on which is mounted a n  upright casting B that supports 
drive-shaft C, as  shown in Figs. 2 and 3. Gear D, which is 
fastened to one end of this shaft, drives gear E. The latter 
gear, which is secured to pawl-carrier F ,  is mounted on 

Flp. 4. Portlol Plon Vimw of  hrding Muhonlsm. 1nd.r knlr Is Hdd 
by Plunger W Engosiw Goof V. 

sleeve bearing G. Pawl H carries a roller J on its driving 
end, and is held to carrier F by a stud on which the pawl 
pivots. As the pawl-carrier is rotated by driven gear E, 
the pawl is carried above the ratchet wheel M for  a portion 
of each revolution when roller J ridea on cams K and L. 
When roller J is carried past the cam surfaces, the pawl 
engages and drives the rntchet wheel through spring action. 

Ratchet wheel M is pinned to shaft N, which is mounted 
on bearings P. Worm S, which engages worm-wheel R, is 
also pinned to this shaft. The worm-wheel is keyed to the 
feed-screw T. The 30 to 1 ratio of the worm to the worm- 
wheel is such that an  advance of one tooth of the ratchet 
wheel rotates the feed-screw 1 micron. The feed-screw 
moves carriage U back and forth on ways which a r e  not 
shown in the accompanying illustrations. 

tlg. I. Soatlon 2-2 o f  fl . 3 Showing Posltlons of Corns K ond L 
&r o Z C M l o o n  Fwd. 

The relative poaition of cama K and L shown in Fig. 2 
occurs when the index-wheel is set a t  50. This setting and 
cam position cause the pawl to be lifted out of engagement 
with the ratchet wheel for  half of the cycl+l80 degrees- 
of the pawl-carrier. During the remaining half of the 
cycle, the pawl engages the teeth on the ratchet wheel, and 
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through the worm and worm-wheel, imparts the maximum 
feed to the feed-screw of 50 microns per revolution of t h e  
drive-shaft. To reduce this rate of feed, the index-wheel 
is turned to any intermediate position between 0 and 50, 
which changes the position of cam K. The non-adjustable 
cam L is fixed to sleeve bearing G, which is held in  
bracket 0. 

110. 4. Anothw View of Wlon 2-2 Showing Podtlom 04 Can* I[ a d  !. 
for a 12-Mlcton kttlng. 

Index-wheel Q is mounted on shaft V,,  which turns  in 
sleeve bearing G .  Cam K is mounted on the other end of 
this shaft, and is turned an  amount corresponding to the 
change in setting of the index-wheel. This varies the angu- 
lar opening between the cams, permitting the pawl to 
engage more or  fewer teeth on the ratchet wheel, depend- 
ing upon the setting. When the index-wheel is set a t  25, cam 

K is moved to the position shown in Fig. 5. Fig. 6 shows 
the relative position of the cams when the feed has been 
further reduced to 12 microns per revolution of the driving 
shaft. 

A gear V, Fig. 3, having the same number of teeth as 
ratchet wheel M, is also mounted on shaft V,. This gear 
is frictionally held to any setting on the index-wheel Q by 
means of a detent on spring plunger W, Fig. 4, which 
enters between the teeth of gear V. The number of teeth 
in this gear also corresponds to the number of graduations 
on index-wheel Q. The index-wheel is revolved, by gripping 
the knurled rim, to hny number and held there by the detent. 

The feeding cycle can be adjusted to begin at  any pre- 
determined point with respect to the drive-shaft C, Figs. 
2 and 3, by changing the angular position of cam L. This 
is accomplished by loosening nut W,, and revolving the 
sleeve bearing G and cam L, which is fixed to this bearing, 
to the desired position. The cam is then locked in this posi- 
tion by again tightening the nut. 

Controlled In - Feed Mechanism for Screw Milling 
Machine.-Fig. 7 shows a dashpot designed to retard the 
rate of movement of the in-feed of a screw milling machine 
with a backed-off hob type cutter. The object of this device 
is to prevent the hob from jumping forward during the 
movement from one tooth to the next, so that smoother 
operation, with a uniform controlled in-feed, is obtained. 

In view X, cutter-slide A houses a spindle carrying the 
hob B. Lever C operates the cutter-head and is extended to 
form a handle (not shown). In the arrangement illustrated, 
part D is integral with the cutter-head. Movement of lever 
C advances the hob toward the work until contact is made 
with stop-screw E, which is adjustable for the desired depth 
of cut. 

Referring to  view Y, control rod F is shown in contact 
with a piston contained in cylinder G. The oil or other suit- 
able fluid behind the piston escapes through an adjustable 
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needle valve H by way of suitable passages, at a rate 
determined by the setting of the needle valve. After com- 
pletion of an operation, the oil returns through a valve to 
the other side of the piston under the influence of the return 
spring. Screws K act as filling plugs. 

When slide D comes into contact with stop-screw E, it 
will meet the central rod F, and it8 rate of progress will be 
limited by the rate a t  which oil or other fluid csn escape 

through the needle valve. The spring and plunger shown 
in the view a t  X provides a slight additional movement of 
lever C after contact with screw E, aa required, to permit 
the operation of a trip motion. 

Variable Feed Arrangement for Automatic WhwI- 
Dressing Device.-The actuating screw of an automatic 
wheel-dressing device employed on a grinding machine was 
designed to move the dressing diamond a given amount each 

time it functioned, but there was no provision for varying 
the amount of this movement. Variations in the hardness 
and bonding of a grinding wheel, however, make it desir- 
able that the amount of feed or movement of the truing dia- 
mond be adjusted to suit individual grinding wheels and the 
conditions under which they are used. Fig. 8 shows an 

rip. 8 Feed for Automatic Pressing Dovice Used for Trulng Grinding Whroi. 

arrangement designed to permit such adjustment. With this 
device, the feed can be varied any desired amount by adjust- 
ing the bar E. 

Referring to Fig. 8, slide A is moved a fixed amount in 
the direction indicated by the arrow each time the actuating 
screw B functions. Mounted on slide A a t  right angles to 
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each other are two plungers C and D. Plunger D is kept 
in contact with plunger C by means of the coil spring. 
Plunger C, in turn, is kept in contact with the adjustable 
bar E. The bar is also held in a fixed position by the pres- 
sure exerted by the spring. 

The angle of the bar is adjusted by means of screw F 
which can be clamped in place by a locknut. The diamond- 
holder G is kept from rotating by means of the key H, which 
slides in a keyway cut in slide A. The amount of movement 
imparted to holder G by a given movement of screw B is 
determined by the angular setting of the sine bar E. 

Automatic Feeding Mechanism for Drill Press.-The 
attachment shown in Fig. 9 has been applied to a drill press 
to provide automatic power feed and, in addition, to feed 
the drill into the work, disengage the feed when the drill 
has reached the required depth, return the spindle to the 
starting point, and then re-engage the feed. The work is 
removed and replaced by a new piece during the return 
movement of the spindle. This arrangement resulted in a 
considerable increase in production, with greatly reduced 
operator fatigue. 

A front view of the attachment is shown a t  the lower 
right of Fig. 9, and a plan view a t  the upper right of Fig. 9. 
The spindle A carried in quill B is fed into the work by the 
rack D and pinion C. The rack and pinion are part of the 
original equipment; a handle attached to shaft S which 
carries pinion C has been removed. A worm-gear P is 
carried on shaft S in place of the handle. The bracket I 
pivots on stud J, which is carried on a bracket attached to 
the head of the press. This bracket is not shown, however, 
a9 it must be made to suit the individual application. 

Bracket I aupports the shaft M, which carries the worm 
K and sheave N. Worm K is keyed to shaft M, and ie pro- 
vided with a hub a t  one end which supports the comprm 
sion spring L, shown partly cornpresaed in Fig. 9. Shaft 
M is rotated in the direction indicated by the arrow by the 

m. 9. $Id*, tront, and top Vim of ~t l torndfc f d n g  and Rawnlng Mwhonlrm 
Appllod to Drlll Press. 
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belt 0 driven from a sheave carried on the overhead hori- 
zontal shaft which furnishes the power for the driving 
spindle A. 

The worm K meshes with the worm-gear P, rotating i t  
in  the direction indicated by the arrow. Worm-gear P 
transmits its motion through shaft S to pinion C which, 
meshing with rack D, produces a downward movement of 
quill B. Pawl H swivels on stud R, carried on the bracket 
attached to the head of the drill press. The hook-shaped 
end of pawl H engages the hooked end of bracket I, holding 
i t  in position to obtain proper meshing of worm K and 
gear P. 

Bracket E is clamped to quill B and carries the screw F. 
Rod G passes through bracket E and is attached to the end 
of bracket I. Cable T, attached to bracket E, passes over 
a n  overhead pulley and carries a weight at  the other end of 
sufficient size to raise the quill B and spindle A against the 
force exerted by gravity. 

The attachment operates as follows : The rotation of shaft 
M drives the quill B downward through the action of worm 
K, worm-gear P, pinion C, and rack D. This movement con- 
tinues until screw F, carried on bracket E and moving 
downward with quill B, comes in contact with the arm of 
pawl H and disengages i t  from bracket I. Bracket I ,  acted 
upon by the force of gravity and the pull exerted by belt 0, 
is  caused to  swivel on stud J and disengage worm K from 
gear P. When this occurs, the downward movement of quill 
B discontinues and B is drawn upward by the action of the 
weight attached to the end of the cable T. 

The upward movement of quill B continues untiI bracket 
E contacts with the nut on rod G,  a t  which point bracket 
I i s  again raised to engage the pawl H, thereby re-engaging 
the worm K and gear P and again causing spindle A and 
the tool to  be driven downward. 

When worm K is disengaged from gear PI the spring L 
causes shaft M to be moved axially until worm K makes 

contact with the bearing of shaft M i n  bracket I .  The 
purpose of this movement is twofold in tha t  i t  permits some 
of the shock resulting from re-engagement to be absorbed 
by spring L and also permits proper engagement of worm 
K and gear P in case they should strike on the tops of their 
teeth. 

During the feeding operation of the cycle, worm K is  
held in contact with the bearing of the shaft in  bracket I 
by the resistance caused by the friction of the quill B in 
the drill press head. The operation of the drill press i s  
completely automatic, i t  merely being necessary for the 
operator to  remove and replace the work. 

Indexing Mechanism on Special Drilling Machine.. 
In tooling up for the production of a limited number of 
large Diesel engines, it was found advantageous to  build 
two special semi-automatic drilling machines. These ma- 
chines, operated by one man, perform all the angular drill- 
ing operations required in several parts of a similar design. 
The machine shown in Fig. 10 is designed to drill sixteen 
3/32-inch holes in the piston shown a t  W. The holes a r e  
located in two rows around the periphery of the piston, and 
are equally spaced and drilled a t  an  angle of 10 degrees 
with the axis of the piston. 

The special machine shown in Fig. 10 consists of a drill 
press A, hooked up to an  indexing device and mounted on 
a steel base. The piston is located on an arbor B and 
clamped securely by a tapered block C. The operator starts 
the drilling cycle by pushing a button. The arbor carrying 
the piston then moves through an  intermittent rotating 
cycle until all sixteen holes a re  drilled. At  the end of the 
cycle the machine is stopped automatically. 

The indexing and the drill-feeding mechanisms are driven 
by a l/4-horsepower motor D through a speed reducer E. 
Two properly synchronized cams G and M are mounted on 
the camshaft F. The grooved face-cam G actuates the 
ratchet H through pawl J ,  thus indexing the work as  
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required for the angular spacing of the holes. A fixed plug 
K, engaging the cam groove L milled on the periphery of 
the work-arbor, causes the latter member to move in and out 
as required for drilling the two rows of equally spaced holes. 
The cam M, actuating the roller N ,  imparts the required 
feeding movement to the drill. The collar 0 can be adjusted 
to compensate for drill wear. A pin P, which is located on 
the ratchet wheel, comes in contact with a micro-switch S, 
thus stopping the machine automatically after the last hole 
in the piston has been drilled. 

Spindle-Control and Collet-Operating Mechanism for 
Screw Machines.-The feeding of irregular-shaped auto- 
mobile parts into the work-holding collets of a special 
multiple-spindle screw machine necessitated the provision 
of some means for automatically stopping the rotation of 
the spindles in exactly the same angular position a t  the load- 
ing station, opening the collet to receive the work, closing 
the collet on the work, and releasing the spindle-driving 
clutch. The mechanism developed to perform these func- 
tions consists primarily of a three-ball type spindle stopping 
and starting clutch and a collet opening and closing device, 
arranged as shown in Fig. 11. Details of the principal 
members are shown in Figs. 12, 13, and 14. 

The spindles of the machine are all housed in a rotor A, 
Fig. 11, operated by a Geneva motion indexing mechanism. 
A center gear (not shown) which engages the pinions E 
serves to drive all the spindles. The collets are closed by the 
action of a stiff helical spring S. 

This arrangement left little space for the spindle clutch, 
which was required to be of very compact design. Referring 
to the assembly view of the spindle, Fig. 11, the rocker arm 
B opens the collet by moving rod C to the right, causing 
spring S to be compressed. The spindle D is driven by the 
pinion E, which is bored out to house clutch ring F. The 
clutch ring is a drive fit in pinion E and is pinned to it, so 
that members E and F comprise an assembled unit. This 
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unit runs continuously a t  a speed of 900 R.P.M. during the 
operation of the machine. 

Three holes are drilled and bored through pinion bushing 
M to receive the bushings N which house the steel balls L of 
the clutch engaging and disengaging mechanism. These 
bushings are  spaced 120 degrees apart, and are a drive fit 

Fig. 13. Details of Splndle Plnlon E and the Driven End 
of Spindle D in Fls. I t .  

in the bored holes. Bushings N have a slot for holding 
spring 0 (see Fig. 14).  A 6/64-inch hole P is also drilled 
in the bushing to form a retaining seat for the ball L. 

The bushing G, Fig. 11, which is employed to guide the 
collet-opening rod C, is also used for operating the spindle 

clutch. The tube H a t  the front end of the spigdle rotor 
carries a spring I and ball J. The end of tube H is machined 
to prevent ball J from falling out of the tube. The hardened 
cup K in the spindle D is threaded to facilitate its removal 
when necessary. Tube H is  moved downward by a cam 
device when the spindle clutch is released, so that  the ball 
J is forced into the cup K to  stop the  spindle. Thus the 

Fig. 14. Enlarged Scale Wews of Detalls N and 0 In Flg. 11 
and Braken Section Views Showing Spindle Clutch Bolls L In 

Running ond Idle posit lo^. 

spindle is always stopped in the same position with respect 
to the rotor A, so that the work, in  turn, can be fed into the 
collet in the correct position. This requirement presented 
a rather difficult problem, since the spindle runs a t  a speed 
of 900 R.P.M. A clutch made up for  testing purposes was 
operated successfully a t  a speed of 1200 R.P.M. before the 
design was incorporated in the mechanism described. 
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In the a~sembly shown in Fig. 11, the 7/16-inch ball L 
a t  the bottom position is shown resting in the 6/16-inch 
radius cut-out in clutch ring F. The ball remains in this 
position only momentarily, however, since rotation of clutch 
ring F brings the cylindrical 1 S/&inch diameter section of 
the latter member into contact with the three balls, for- 
cing them inward toward the center of the spindle, where 
they are held by spring 0 and depression P. 

The two enlarged views in Fig. 14 show exactly how the 
ball is located both in the running and in the stand-still posi- 
tions. When arm B, Fig. 11, swings to the left, the draw-rod 
C closes the collet, and the three 7/16-inch balls are forced 
outward, so that they come in contact with the bottom of 
the 5/16-inch radius cut-outs in the clutch ring F and thus 
start  the spindle rotating. When arm B swings to the right, 
the channel in the bushing G clears the three balls, causing 
the spindle to stop and the collet to open. 

Device for Automatic Shifting between Two Cam- 
Operated Packing Mechanisms.- In  designing a device for 
disposing of sheets from the delivery end of a paper finish- 
ing machine, i t  was desirable to provide a means of auto- 
matically and periodically shifting from one cam-operated 
packing mechanism to another. The shifting device here 
described permits five hundred sheets of paper to be placed 
on one tray while a second full tray adjacent to i t  is being 
replaced with an empty one. 

Referring to Figs. 15 and 16, arms A and B, which are 
actuated by cams C and D, are secured to and alternately 
rock their respective pivot shafts A, and B1. Each pivot 
shaft is connected to a separate packing mechanism (not 
shown). 

One arm rocks its pivot shaft five hundred times, where- 
upon it stops a t  the top of its stroke and the other arm 
immediately begins ita cycle of five hundred strokes. The 
working stroke occurs when the follower of the arm rolls 
into the hollow of its respective cam. The cams are secured 

to shaft E, which rotates continuously a t  one revolution per 
cycle of the finishing machine. 

A plate F, equal in diameter to the cams, is located be- 
tween them and slides back and forth on a key in shaft E. 
When this plate is in contact with either cam, the follower 
is prevented from rolling into the hollow of that  cam and 
is held a t  the top of its travel. Meanwhile, the follower on 
the other arm is free to roll into the hollow of i ts cam and 

tie. IS. Sldo War  of Muhanlrm for Shifting Pacldwg lictlon 
of Muhonlrmr on Shah Az and 8,. 

thus rock its pivot shaft. Upon completion of the cycle of 
five hundred strokes, plate F is shifted from one cam into 
contact with the other, thus shifting the packing cycle from 
arm A to arm B, or  vice versa. 

This shifting i s  accomplished by means of drum cam G 
and notched disk H, which are  both pinned to shaft J. The 
follower carrier L for  the drum cam is pinned to sliding 
shaft K, while block M and compression springs N and P 
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are free to move on this shaft. The follower carrier and 
block M are both free to slide on the parallel shaft K1, which 
is secured to the frame of the mechanism. 

Two notches, 180 degrees apart, in hardened disk H pro- 
vide a sliding fit for the lower portion of block M, which is 
square in cross-section and also hardened. As the drum 
cam revolves in the direction indicated by the arrow, with 
the parts of the mechanism in the relative positions shown, 

W. 14. End Vlw of Md~onlrm Shorn In Ib. 1L 

the follower will be forced to move to the left. This rota- 
tion will prevent block M from moving to the left and enter- 
ing the notch in the top of disk H. Thus, compression spring 
N will become loaded during a half revolution of the drum 
cam. 

At this point, the second notch, shown a t  the bottom of 
disk H, becomes aligned with the block. Spring N then un- 
loads, moving the block through the notch and thus rotating 

bellcrank Q, one arm of which is pinned to the upper por- 
tion of the block. The other arm of this bellcrank is pro- 
vided with a follower located between the flanges of spool 
F1. The spool is connected to plate F by three rods, which 
run through cam D. Thus, the rotation of the bellcrank 
causes plate F to be shifted from one cam to the other. 

Further rotation of the drum cam brings block M into 
contact with the opposite side of disk N, thus loading spring 
P. When the block reaches alignment with the notch shown 
a t  the top of the disk, i t  will pass through the disk, thus 
turning bellcrank Q in the opposite direction and again 
shifting plate F .  

The purpose of the gearing a t  the right-hand end of 
shaft J is to turn this shaft  one revolution for  every thou- 
sand revolutions of shaft  E. One revolution of shaft J, a s  
previously explained, imparts two shifts to  plate F, thus 
resulting in the desired packing of Ave hundred sheets in 
each tray. 

Worm-wheel R, which is pinned to  shaft  3, meshes with 
worm S. This worm and ratchet T a r e  pinned to shaft U. 
The ratchet is driven by pawl V through arm W, which 
turns freely on shaft U. I n  the outer end of a rm W is 
securely fixed a pin X, which serves ae a pivot for the pawl 
and cam-follower yoke Y. 

Cam Cl ia secured to shaft  2, which rotates a t  the same 
speed as shaft E. Roller Dl, which is held in contact with 
this cam by spring El ,  ia fastened to  yoke Y. One tooth of 
ratchet T is thus indexed per revolution of shaft Z or E. 
The number of teeth on ratchet T and worm-wheel R is 
such that shaft J will make one complete revolution for  
every thousand revolutions of shaft Z or  E. 

Hand Control for Reciprocating Slide.-To facilitate set- 
ting up one type of wire crimping machine, the reciprocat- 
ing slide that feeds the wire stock to the machine i s  equipped 
with a hand-lever which, when shifted, not only stops the 
movement of the slide at any point in i ts  stroke, but  
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instantly returns the slide to  its starting position. The 
arrangement for  obtaining this result is shown in Fig. 17. 

The feed-slide is indicated a t  A. It operates in the dove- 
tail guide B, which is cast integral with the machine base. 
This slide receives its motion from the oscillating lever C 
through arm D, connected to the slide by stud M. Both arm 
D and lever C are fulcrurned on the shaft E. A bearing F 
on the machine casing supports one end of this shaft, and 
the other end is supported in another bearing (not shown) 
at the right. On the hub of hand-lever G, pinned to the end 
of the shaft, is cast a lug J, located between two pins H in 
the casing. With this arrangement, the angular movement 
of lever G is limited to about 80 degrees. 

There is a cam slot in the body of shaft E which is 
engaged by a pin K in the hub of arm D. Also, in the hub 
of this arm is a spring-actuated plunger L, which locks the 
arm to lever C, causing these members to oscillate together. 

However, if the operator wishes to  stop the slide at, say, 
the center of its stroke toward the right and cause i t  to 
return to its starting position a t  the left, the hand-lever 
G, which a t  this time is in a vertical position, is swung 
toward the left until it coincides with the center line N. 
As this lever is shifted, shaft E t u r r s  with it, causing the 
cam slot to carry pin K with a rm D toward the left (see 
right-hand view) until plunger L is entirely disengaged 
from lever C. At this point, coil spring 0 carries the slide 
back to its starting position a t  the left. Arm D remains 
connected to the slide, as  pin M is long enough to compensate 
for the axial movement of the arm. 

Now, if the operator wishes to s tar t  the slide again, the 
hand-lever is shifted back to its vertical position. This 
causes the cam groove to force arm D back into the position 
shown. Plunger L is held flush with the arm hub by the 
segment Q on lever C until the bushing and plunger a re  in 
alignment. The plunger then enters the bushing and locks 
the arm and lever, causing the slide to reciprocate. 
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I t  is important to note that the section of the cam groove 
engaging the pin K when the lever is in  its vertical posi- 
tion, is a t  right angles to the axis of the shaft. This is 
essential, since a t  this time, the pin oscillates in the groove, 
and a helical path, however slight, would impart a n  undesir- 
able axial movement to the a rm for each cycle of lever C. 

Stop with Safety Catch for Controlling Rotation of 
Shaft.-A machine that was developed for  a special process 
is equipped with a device for feeding certain ingredients. 
This feeding device is controlled by a mechanism designed 
to proportion the amount or quantity of the ingredient fed, 
one complete revolution of the mechanism serving to feed 
the correct amount. If the supply of the ingredient has 
been exhausted or there is a n  insufficient quantity avail- 
able in the bin, the mechanism will cease to function. 

The feeding device (not shown) is attached to shaft A, 
Fig. 18, left-hand diagram. I t  is permitted to make one 
revolution only a t  a time. When the mechanism is once 
released for  rotation, however, an arrangement is provided 
whereby the system is held open for  operation at any time, 
regardless of whether or  not i t  is prepared for rotation. 

Segment B of the device is fastened to shaft A. The seg- 
ment is provided with two pins C and D. The arm E is 
located between the pins and i s  attached to segment B by 
means of a small coil spring F. Spring F is arranged to 
force ar-m E against pin C. The release rod G slides ver- 
tically in the bearing H. The direction in which segment 
B rotates is indicated by the arrow. 

The positions of the elements when the device is rotat- 
ing are shown in Fig. 18, left-hand diagram. It will be 
noted that arm E rests against pin C under the action of 
spring F. Releasing rod G is in position to  come in contact 
with arm E as  rotation continues. When the device is sta- 
tionary, the elements are  positioned as  shown in Fig. 18, 
center diagram, with arm E resting against pin D. In  
this case, arm E is forced away from pin C by the action 
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of rod G, combined with the tendency of segment B to con- 
tinue rotation. 

Fig. 18, right-hand diagram, shows the positions of the 
7arious elements at  the moment when release rod G is 
raised and the device is free to rotate. It will be noted that 
arm E has moved away from pin D under the action of 
spring F and is now resting against pin C. Any attempt to 
stop the rotation is now prevented by arm E, which is 
located under releasing rod G. Thus rotation of segment B 
and arm E will be certain to take place as  soon as  shaft A 
begins to rotate. The operator cannot stop the rotation or 
prevent its taking place unless he interferes with the action 
of arm E. 

The operator can tell a t  a glance whether or  not any 
of the ingredient has been fed into the machine by noting 
the position of the elements of the device. For instance, if 
they are set in the positions indicated in Fig. 18, center 
diagram, he knows immediately that rotation took place 
after he raised rod G because the device is now locked. If 
the device is a s  shown in Fig. 18, right-hand diagram, he 
is certain that rotation has not taken place and that no 
ingredient has been fed into the machine. 

CHAPTER 15 

Automatic Work 
Transfer Mechanisms 

This chapter deals with the automatic delivery of work- 
pieces in the proper position for the operation to be per- 
formed on them. The mechanisms described include an auto- 
matic magazine-feed attachment for a centerless grinder; 
an automatic hopper feed for small cylindrical parts; a n  
arrangement fo r  inserting and heading tubular rivets; 
devices for filling containers and applying covers; an inter- 
mittent feeding mechanism designed to operate two slides 
from one cam; a rapid-motion, short-stroke wire-feeding 
mechanism; a novel intermittent feeding mechanism; and 
several transfer mechanisms. 

Other automatic feeding mechanisms are  described in 
Chapter 16, Vol. I and Chapter 14, Vol. I1 of Ingenious 
Mechanisms. 

Automatic Magazine-Feed Attachment for Centerless 
Grinder.-The automatic magazine-feed attachment shown 
in Fig. 1 was designed for grinding the part or component 
shown in the detail view a t  W. This part, because of the 
shoulder, must be fed downward in the correct lateral posi- 
tion for the shoulders to pass into the clearance groove pro- 
vided in both wheels. To accomplish this, a mechanical 
attachment is necessary. The illustration shows the attach- 
ment in position on the grinding machine, mounted on the 
side of the wheel-truing device. I t  can be easily adjusted to  
suit the position of the grinding and control wheels, both 
longitudinally and crosswise. The vertical position is per- 
manent, and needs no further adjustment after the initial 
setting. 
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The section on the center line A-B shows an enlarged 
partial view of the sliding member C, the work-carrier D, 
which is made of hardened steel; the spacer plates E; the 
sliding member guide F; the spring finger G, which keeps 
the work-piece from falling forward when approaching the 
grinding wheel; and the strips H, which form the magazine 
into which the work-pieces are loaded. 

The section X-Y shows an enlarged plan view of the 
magazine and its component parts. A piece to be ground 
is shown by dot-and-dash lines in the feeding position. The 
enlarged partial view of the front elevation (section A D )  
shows the haraened-steel work-holder o r  carrier D which 
is attached to the sliding member C and the slot where the 
work-piece is retained and guided. Also shown is the posi- 
tion of the spring finger G in relation to the work-holder. 
The action of the whole mechanism is more readily under- 
stood if the cam development diagram a t  the top of the 
illustration is carefully inspected. This diagram shows 
clearly all positions of the sliding member C. It is necessary 
that the weight of the sliding member be sufficient to keep 
roller A in contact with the face of cam M. 

Pulley J is driven by a belt running from the control- 
wheel shaft. The bevel pinion K is integral with the pulley 
shaft and engages bevel gear ring L attached to the under 
side of cam M, thus causing i t  to rotate i n  the direction and 
at  the speed indicated. 

The operator drops the work into the magazine a t  the 
open end ; and when the sliding member C is in the top posi- 
tion, the slot in the work-holder D coincides with the curved 
angular path a t  the bottom end of the magazine strip H. The 
piece at the bottom of the magazine then rolls forward into 
holder D, which is carried downward on the rapid advance 
portion of the stroke actuated by cam M until i t  reaches 
the grinding position, where it is finished to size in the 
predetermined time period indicated on the cam lay-out. 

Proceeding from the "dwell to Anish-grind" portion on 



382 WORK FEEDING AND TRANSFER MECHANISMS WORK FEEDING AND TRANSFER MECHANISMS 383 

cam M, the sliding member C passes to  the lowest position 
in its travel. During this period, the work is carried clear 
of the grinding and control wheels, and i s  free to drop out 
at the control wheel side of the work-holder into a receiv- 
ing box. Sliding member C i s  now returned to the highest 
point of the cam path, which completes the time cycle per 
piece. 

Automatic Hopper Feeds for Small Cylindrical Park- 
Rings or cylindrical parts can be automatically fed from a 
hopper by means of the mechanism shown in Fig. 2. The 
hopper shown in Fig. 2 is used to feed cylindrical pieces 
1 1/4 inches in  diameter by 1 inch high at the rate of forty 
per minute. This hopper consists essentially of a base A; 
a bowl B, in which the parts a r e  placed ; and a vertical recip- 
rocating slide C. Slide C has two steel strips D attached to 
its sides. The strip nearest the base of the  hopper is made 
higher than the one adjacent to the bowl. The slide has a 
vertical reciprocating movement of five strokes per minute. 
At the bottom of the stroke which aligns the slide with the 
bottom of the bowl, the work-pieces fall  into the groove 
formed by strips D on slide C. 

Slide C may be reciprocated vertically by means of a 
crank and slotted cross-head, or a Scotch yoke type of 
mechanism, which will permit the slide t o  dwell slightly a t  
the lower and upper positions of i ts  stroke, thus allowing 
the parts to fall into or roll out of the slide. When the 
slide reaches the upper end of the stroke, the pieces roll 
into the covered chute El down the tube F, and into elbow 
G. The elbow changes the path of the pieces 90 degrees, and 
delivers each piece resting on a flat face. The weight of the 
parts following keeps the leading part  against a stop. This 
part is fed by means of a pusher mechanism similar to the 
one shown in Fig. 3. 

The hopper shown in Fig. 3, which is used for  feeding 
brass rings, is similar to the one just described. However, 
the work-pieces are fed vertically instead of horizontally. 



WORK FEEDING AND TRANSFER MECHANISMS 385 

Details of the feeding mechanism are shown in the illustra- 
tion. When slide C reaches the upper end of the stroke, the 
parts roll into the vertical covered chute J. As the slide 
moves down, roll K comes in contact with lever L. This 
action causes link M to move plunger P up, pushing one or 
more parts above the spring S. The spring supports the 
column of rings, which is advanced by each stroke of the 
slide. 

Flg. 3. Arrangement Desipned for F n d l w  Rlnar Vertically fmm o Moppw. 

Mechanism for Inserting and Heading Tubular Rivets.- 
The operating mechanism of the Chobert magazine riveting 
machine employed in a British bomber manufacturing plant 
is shown in Fig. 4. The sectional views a t  X show the suc- 
cessive stages in the riveting operation. The machine em- 
ploys a pull-rod with a dolly or  conical expanding too1 F 
a t  one end, the diameter of which is slightly larger than 
that of the main bore through the tubular rivet. As the 
dolly is pulled through the rivet, i t  forms a head a t  the 
inner end and expands the shank so tha t  i t  is a tight fit 
in the hole. 

The machine has a hand-grip a t  A and a housing B for  
the crank-operated gear and cam mechanism whereby n 
sliding movement is imparted to sleeve C. Shroud D is 
attached to the end of this sleeve and moves with i t  to 
operate the jaws of chuck E. 

The pull-rod or dolly F extends through the barrel of 
the machine and is held fast  by jaws a t  G.  Pressure on the 
jaws is applied by screw H, the arrangement permitting the 
rod to be removed when it is necessary t o  load the rivets, 
which are slipped over or threaded on the rod with the 
flanged ends toward the rear of the machine, a s  shown. A 
shouldered check-spring K is next threaded on the rod, the 
small end of which is inserted in the barrel, passed through 
the center of feed unit L, and gripped by jaws G. With 
chuck E closed, the first rivet is exposed with its flange 
seated against the chuck end. 

The first rivet is inserted in one of the  drilled holes in 
the gusset and tubular member, the dolly and end portion 
of the rivet projecting into the tube. Three turns of crank 
M are required to complete the riveting operation and reset 
the machine. 

As mentioned, the cam mechanism in housing B imparts 
a forward movement to sleeve C, and with it, to shroud D 
and chuck E, the rod and rivets remaining stationary. Any 
movement of crank M when the rivet and chuck are  pressed 
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against the work will cause the body of the machine, and 
with it the rod, to retire. Thus, the dolly is withdrawn, 
completing the riveting operation a s  explained. This occur8 
during the first turn of the crank, after which the riveting 
machine is withdrawn slightly from the work. 

During the second and third tvrns of the crank, the 
chuck jaws advance, permitting the passage of the next 
rivet, and close behind it. The machine is then ready for  
operation again. When operated by an experienced worker, 
the machine will close 1200 rivets per hour. 

The feed unit of the machine is shown to a larger scale 
in the cross-section view a t  Y. A split r ing N is a good slid- 
ing fit in sleeve C. Ball P rides to the large end of the taper 
bore shown when rod F is in position and is moved to the 
left during the riveting stroke. On the return or loading 
stroke, ball P is forced down the taper so that i t  grips rod 
F, the movement being assisted by the coil spring, and the 
entire unit is  carried forward through a distance corre- 
sponding to the length of one rivet. 

It is necessary to reload the rod when the magazine is 
empty, and to do this, jaws G are  released by loosening 
screw H. Crank M is then given 2 3/4 turns to open the 
chuck jaws a t  E. With the jaws open, stop R is moved to 
engage a slot in the portion S of control rod T. Thus, the 
jaws are locked in the open position t o  permit the with- 
drawal of the empty rod and the insertion of another rod 
loaded with rivets. With the loaded rod in position, stop 
R is released, allowing the jaws to close. There should be 
a clearance of from 0.6 to 1 millimeter between the head of 
the exposed rivet and the end of the chuck jaws; if this 
is not the case, adjustment can be effected through the 
medium of cap-screw U, the threaded portion of which 
engages the end of rod F. 

Mechanisms Designed for Filling Containers and Ap- 
plying Covers.-The mechanisms here illustrated are em: 
ployed in an automatic machine that places twelve pencil 
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leads in a box and pushes the box cap in place. The box, 
or container, is molded by the injection process, the dimen- 
sions being indicated a t  the left in Fig. 6 .  The selecting 
mechanism, shown a t  the right in Fig. 5, takes the boxes 
from a hopper and presents them to the machine open end 
forward. The revolving disk carries hooks, so spaced as to 
allow a single box to be fed by each. If a box is in the 
wrong position, the hook enters its open end and retains 
it until the rubber-faced rotating roller A returns i t  to the 

tlg. L (Wt) M o l d d  Box far Holdlng Penell Looh (Right) M*chanlsm tor 
Fwdlng Boxes Open End Forward. 

hopper. Boxes fed correctly tip over into the delivery feed 
and slide toward the loading machine. 

The continuous belt conveyor, shown in Fig. 6, has suc- 
cessive stations to which boxes, leads, and caps are  brought 
in correct synchronism and quantities. Falling from the 
selector shown at the right in Fig. 5, the boxes drop into a 
single-column, vertical stack, the lower end of which is 
open a t  the sides. This opening faces one side of the belt 
conveyor, Fig. 6, which carries properly spaced finger clips 

at  regular intervals. An intermittent feed of the conveyor 
belt is obtained by means of a Geneva mechanism. The 
driver of the Geneva motion carries a face-cam that is set 
to impart a sharp blow to the lowest box in the stack during 
the stationaiy period of the belt, propelling the box into the 
spring clip on the belt. The belt then transports the box 
to the lead-filling station. 

The lead-filling station, shown in Fig. 7, includes a countc 
ing and feeding mechanism. A circular shutter valve is 

Flg. 6. Awangomont for Paadlng Boxm IntarmlRantly 
on Salt Convoyor. 

employed to take twelve leads from the hopper. This valve 
contains only two rows between its shutters, which, in this 
case, are open-ended hollow cylinders provided with suitable 
ports. Only a sector of the hollow cylinders is required for 
the counting operation, but complete cylinders are employed 
for the sake of simplicity and rigidity of construction. These 
cylinders are oscillated by the lever arm, the lower ahutter 
opening as the upper one closes. No overlap is shown in 
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the illustration, but a certain amount of overlap is neces- 
sary, and this is provided by increasing the stroke of the 
operating lever. 

From the valve, a dozen leads fall into the guide chamber, 
which is bored rather smaller in diameter than the boxes to 
be fed. The boxes are carried along the belt until they reg- 
ister accurately with the guide chamber. When in this posi- 
tion, a constant accelerating drum type cam moves a plunger 
forward and backward, feeding a supply of leads into the 
box without shock. 

Clp. 7. Muhonlsm Employ4 to bled  Comct Numbor 
of Pencil Loads ond Feed them Into Box. 

The belt is next traversed to bring the box to the cap or 
cover station, where the cover is fed into position by a se- 
lector similar to the one used for the boxes. The "hand" 
of the selector must, however, be reversed, as the open end 
of the cover must be presented in a position opposite to that 
in which the boxes are fed to the conveyor belt. This station 
is shown in Fig. 9. The caps are fed down a tube, rolling 
out though an open incline into the single stack container 
which has open sides. The feeding mechanism is similar 

to the one used for the boxes, although a more gradually 
accelerated thrust is applied by the face-cam. The conveyor 
chain belt is kept a t  the proper tension to insure accurate 
register a t  the different stations. The belt passes a deflector 
which ejects the filled boxes. 

r10. 8.  Dmm-f~p. M.chanl*m h i p m d  for Looding Pencil bad, into ~0x . r .  

Before describing the- alternative loading mechanism 
shown in Fig. 8, attention is called to a feature, without 
which much loss of time might be experienced in the high- 
speed automatic operation of the mechanisms described; 
namely, evidence that the feeding mechanism has functioned 
properly in placing the required number of leads in the con- 



392 WORK FEEDING AND TRANSFER MECHANISMS WORK FEEDING AND TRANSFER MECHANISMS 393 

tainer. The simplest way to detect empty boxes is by weight; 
loaded holders or boxes, on rolling down a flexible shelf, fall 
sooner than the empty ones. A dividing line, correctly posi- 
tioned, is therefore used to separate the filled and unfilled 
boxes, thus providing a simple means for this inspection. 

In the alternative mechanism, shown in Fig. 8, the belt 
is replaced by an inclined revolving drum. The selected 
boxes fall into a single-column chute. When a slot in the 
drum reaches a position opposite the chute, one box drops 

Fls. 9. Mechanlnm for Plocinp Corers on Filled Box- 

into place and is carried around to the lead-filling station. 
The leads are also counted out by a revolving slotted drum 
C, two of the slots of which are extended beyond the others 
to operate the shutter movement that closes the inclined 
trough into which the leads fall from the drum. 

At the capping station, selected caps slide down the s u p  
ply tube, which has a spring arrangement designed to catch 
the lowest cap just before i t  reaches the exit. At the correct 
instant, the capping lever is rocked about its bearing, clos- 

ing two jaws on the sides of the lowest cap while carrying 
it forward. A plan view of this mechanism is shown at D 
below the drum, cam-slides being provided to close the jaws 
during the forward movement. As the main drum revolves 
to the next position, the loaded boxes fall from their slots 
and again pass a mechanism that is arranged to detect un- 
filled boxes in the manner previously described. 

Mechanism for Feeding Wooden Pegs into Magazine, 
Large Ends Foremost.-The purpose of the device shown in 
Fig. 10 is to feed round wooden pegs A into the magazine B 
with their large ends downward to facilitate assembling 
them in the product. The wooden pegs a re  1 1/4 inches long 
and 1/4 inch in diameter for a length of 1 inch, and 3/16 
inch in diameter for a length of 1/4 inch. These pegs are 
fed along a chute C into the selector cavity D, as shown in 
the plan view. A constant pressure is maintained against 
the line of pegs in chute C, so that when the first peg in the 
line is removed another moves forward t o  replace it. 

The plate E is moved backward and forward, as  indicated 
by the arrows a t  F, being actuated by means of a cam and 
return spring, not shown. Plate E carries a block G and 
has a rectangular slot or hole H cut through i t  which opens 
into the chute leading to the magazine B. Block G pushes 
the first peg in line to the opposite side of the cavity, and 
at the same time, temporarily prevents any other pegs from 
entering the cavity. The rectangular slot serves to open 
and close the opening in the floor of the cavity above the 
magazine chute. It will be noted that the slot in the slide 
is slightly wider than the 1/4-inch diameter of the wooden 
peg and also that i t  is shorter than the peg, being about 
1 1/16 inches long. 

In  the right-hand wall of the selector cavity D is a notch 
J, as  may be seen in the plan view. This notch is slightly 
wider than the 3/16-inch diameter of the peg but not as wide 
as the 1/4-inch diameter and is somewhat deeper than the 
1/4-inch shoulder on the small end of the peg. Opposite this 
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notch and on the same center line is a similar notch K, cut 
in the end of a movable block L, which is made to extend 
into and be withdrawn from the cavity of the selector by 
means of a suitable cam and return spring, not shown. The 
motion of this block is timed relative to that of the plate E 
in such a manner as  to produce the operating cycle to be 
described. 

Let i t  be assumed that all of the parts of the selector are 
in the position indicated by heavy lines in the illustration, 
and that  the first peg has entered the cavity with its small 
end pointing backward along the chute C. The block L is 
next withdrawn and the slot H opens the floor of the cavity 
into the upper part of the chute leading to the magazine. 
Now the plate E moves forward, carrying the block G to the 

"1 

D G 
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WOOD PEG 

Flm. 10. Mcbanhm fw Foodlng Pegs A from Chute C to Mwkonhm I 
with Lor#. End* Foremost. 

position indicated by the dot-and-dash lines at M. This 
pushes the first peg across and in line with the two notches 
J and K and, a t  the same time, cuts off the surplus flow of 
pegs into the cavity. 

Next the block L moves to the right a distance of 3/16 
inch, a s  indicated by the dot-and-dash lines a t  N, and the 
notch K engages the small end of the peg. The plate E then 
moves back to its original position, the peg being prevented 
from following the block by the confining notch. As soon as 
the slot H returns to its position above the magazine chute 
B, the peg, being unsupported a t  all points except under the 
small end, drops downward, the large end falling into the 
chute first so that the peg slides into the magazine with the 
1/4-inch end to the left. The block L then returns to  i ts 
original position. 

The second peg, which enters the cavity small end first, 
will be considered next. The block G also pushes this peg 
across to the position between the notches, but when block 
L moves into the cavity this time, as the notch K is too small 
to engage the 1/4-inch diameter, the peg is pushed t o  the 
right, causing the small end to enter the notch J. When the 
slot H returns, i t  again leaves the peg unsupported at all 
points except under the small end, so that  the large end falls 
downward and the peg slides along the chute into the mag- 
azine with its large end to the left. 

This cycle of cam-actuated movements of slides E and L 
continuously feeds the pegs into the magazine B with their 
large ends downward. The magazine on which this selector 
is used has a capacity for handling about fifty unita per 
minute. At this speed, the feeding device functions per- 
fectly, and there appears to be no reason why i t  could not 
be operated a t  a much higher speed. 

Intermittent Feeding Mechanism Designed to Operate 
Two Slides from One Cam.-The mechanism shown in 
Figs. 11 and 12 was designed to feed a continuous strip of 
corrugated flat wire stock W through a machine for  further 
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fabrication. The rapid, positive, intermittent feeding move- 
ment required is obtained through the operation of feed- 
slide A and work-gripping slide B by a single cam C. It is 
interesting to note that both slides A and B are operated 
simultaneously by cam C and that slide B is mounted in a 
dovetail groove in slide A. 

Fig. 11. (Loft) Mechanlrm for Intormlnent F d l n g  of Cowugotd nor  Wire Stock W 
at End of Dwell Perlod in whlch Stock is Hold Ciampd agolmt Block K by Sllde B. 
(Center) Silde B Wlthdrown from Work W and Slide A M o v d  On* Conupatlon to 

Roar through Action of Cam C. (Right) Sldo View of Feodlng Mochanlrm. 

Referring to Fig. 11, left-hand diagram, shaft S, carrying 
cam C, rotates in the direction indicated by the arrow. Stud 
D on slide A carries the cam roller E and the bellcrank lever 
F, which is free to oscillate. Lever F carries on its short 
arm the roller G, which is free to rotate on its stud. Pin H 
is fixed in slide B, and passes through the slot in the upper 

end of lever F. Spring J serves to hold rollers G and E in 
contact with cam C. Work W is passed through the machine 
in contact with the guide strip indicated a t  K. 

In Fig. 11, left-hand diagram, both rollers G and E are 
shown in contact with the low portion of cam C, which holds 
the slides in a fixed position during the rest period of the 

II9. 12. (Loft) Slid* B Advancod to Cneage Work W Pmporatory to F d l n g  I t  Forwad 
in Dlroctlon Indlcatod by Arrow T. (Right) M ~ h o n i s m  Engogod in Faeding Work W 

Forward with Cam C Approaching Dwell Porltion. 

cycle. It is during this rest period that the fabricating oper- 
ations are performed on the work. The formed end of slide 
B engages the corrugations in the work W as shown during 
this dwell period, holding i t  in contact with guide strip K. 

Fig. 11, center diagram, shows the rise or  lobe of cam C 
engaging roller E and causing slide A to move to the rear. 
Roller G has not yet been affected by the action of cam C, 
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but the position of lever F haa been changed so that, in addi- 
tion to the rearward movement of slide A, the action of lever 
F on pin H has caused slide B to be withdrawn from contact 
with work W. Since the rearward movement of slide A is 
equal to the pitch or  center-to-center distance of the corru- 
gations of the work, no rearward movement is transmitted 
to work W. The slide B, however, has moved to the rear  
with slide A, and its forward end is in position to engage 
another set of corrugations in work W. 

Continued rotation of cam C, as shown in Fig. 12, left- 
hand diagram, causes roller G to  rise to the high portion of 
cam C. As roller E is in the same relative position as shown 
in Fig. 11, center diagram, there has been no movement of 
slide A. The change in the position of roller G ,  however, has 
caused lever F to pivot on stud D, actuating slide B and 
causing ita forward end to again engage the corrugations in 
work W. Comparison of the left-hand diagram in Fig. 12  
with that in Fig. 11 shows clearly the changes in the posi- 
tion of slide B relative to work W. 

Fig. 12, right-hand diagram, shows the mechanism after 
cam C has passed from under roller E. The pressure of slide 
B on work W against guide strip K a t  this stage of the oper- 
ating cycle prevents any movement of lever F and also pre- 
vents roller E from following the contour of cam C. In the 
position shown in Fig. 12, right-hand diagram, roller G still 
rests on the "drop" side of the cam lobe. The action of 
spring J serves to hold roller G in contact with cam C, caus- 
ing slide A to be drawn forward. This action, in  turn, causes 
slide B to feed work W forward. The forward motion of 
elide A continues until both rollers G and E come in contact 
with the low portion of the lobe on cam C, as shown in Fig. 
11, left-hand diagram. Until the lobe of cam C again comes 
in contact with roller E, work W is held firmty in position. 
With this mechanism, work W is given a rapid, short, inter- 
mittent feed with a long rest period between the feeding 
movement.. 
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Repid-Motion, Short-Stroke Wire-Feeding Mechanism.- 
The mechanism shown in Fig. 13 is designed for feeding a 
strand of wire rapidly through a wirs fabricating machine 
in a series of short strokes, with equal rest periods between 
strokes. Owing to the high speed of the machine, it was 
necessary that the mechanism provide a reciprocating move- 

Fig. 13. (Top) Wire Feeding Mechanism Designed for Rapid Short Stroke 
Motion. (Bottom) End View of Mechonirm in  which Slide F is ot End of 

Feeding Movement to Right. 
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ment with a minimum of vibration, and that a positive grip- 
ping arrangement be used for feeding the wire. 

Referring to Fig. 13, upper diagram, the shaft B rotates 
in the stationary part of the machine A, in the direction 
indicated by the arrow, and carries the gear C that is keyed 
to it. The slide F is carried in the part A, and is slotted, as 
shown, to clear the hub of gear C. Slide F carries two studs 
on which the elliptical gears D and E revolve freely, receiv- 
ing their motion from the gear C. In this view, the teeth on 

the shorter side of the major axis of gear D are in mesh with 
the teeth of gear C, while the teeth on the longer side of the 
major axis of gear E mesh with the teeth on the opposite 
side of gear C. In this position, the center-to-center distance 
between the axes of gears C and E is greater than that be- 
tween gears C and D. As the studs that carry the gears D 
and E are fixed in slide F,  the latter is thrown off center, to 
the right, with relation to shaft B, the slide F being a t  i k  
extreme right-hand position. The bar H carriey the gripper 

mechanism G, which feeds wire W, a s  will be explained. 
In Fig. 14, gear C has made a partial revolution, resulting 

in a half revolution of gears D and E and reversing the con- 
dition shown in Fig. 13; a t  this point the slide F has been 
moved to its extreme left-hand position, the distance trav- 
eled by the slide being equal to the eccentricity of gears D 
and E. 

The details of the gripper mechanism are shown in Fig. 
13, lower diagram, which is an end view. The bar H is car- 
ried on the studs that carry gears D and E, and therefore 
moves with slide F. The wire W passes through the part G ,  
which is mounted on bar H. The wire W rests on the ledge 
of part G, against which it is held by the wedging action of 
plate J ,  the flat spring I acting on plate J to insure a positive 
wedging action. As the bar H moves to  the right, the plate 
J wedges between its seat in part G and the wire W, grip- 
ping the latter firmly, and feeding i t  into the machine. As 
the bar H moves to the left, the wedging action is destroyed 
and plate J slides over the wire W, without transmitting any 
motion. 

Novel Intermittent Feeding Mechanism.-The mecha- 
nism shown in Fig. 15 is designed to intermittently index or 
feed a block chain or film E longitudinally from left to right. 
Each feeding movement advances the chain or  film a dis- 
tance L. The indexing is accomplished by a pin D which 
enters equally spaced holes or slots H in the chain, rising 
vertically into one of the slots and moving to the right until 
the chain has been moved a distance L. The pin then moves 
downward out of contact with the chain. With the simplest 
arrangement of this mechanism, using only one arm B, and 
without the block-rotating device M described later, the 
chain is fed a distance L for each revolution of shaft S, the 
feeding movement taking place during about one-fourth 
revolution of shaft S. 

Pin D is carried in a square block C, which has a pin G 
that guides the movement of block C in a rectangular path 
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determined by cam groove J. Pin G also enters a slot in the 
driving crank B attached to rotating shaft S. Block C ifi 
further guided in its rectangular path by rim K on the body 
A of the mechanism, which also has the cam groove J. Rim 
K prevents block C from turning about pin G, so that pin D 
will rise vertically into the slot in chain E for the feeding 
movement. 

Flg. IS. Muhanlun that lmparh Intemittont Movment  to Chaln E. 

By modifying the forms of groove J and rim K as shown 
at M, and providing a stationary pin F in body A, i t  is pos- 
sible to cause block C to rotate through an  angle of 90 de- 
grees. With this arrangement and only one block C and one 
driving crank B, pin D would be brought into the indexing 
position every fourth revolution of shaft S. By adding an- 
other pin N to block C, the chain would be indexed every 
second revolution of shaft S. Irregularity of the timing of 
the indexing movements or a variation in the number of in- 

dexing movements per revolution of shaft  S can be obtained 
by employing more than one slotted crank B. 

A variety of indexing movements can be obtained by vary- 
ing the design. For example, block C can be fitted with one, 
two, three, or  four pins D, and block-rotating arrangements 
M can be provided on the bottom and right-hand side of the 
mechanism. 

Feeding Mechanism for Box-Nailing Machine.-The pur- 
pose of the device shown in Fig. 16 is t o  feed wooden boards, 
two a t  a time, in a vertical position into a box-nailing ma- 
chine. The main feature of this feeding mechanism is ita 
positive action in turning the boards from the flat position, 
in which they are  stacked in the hoppers, to the upright 
position, in which they must be fed to the nailing machine. 

The boards, which are 7 inches wide by 9 inches long and 
from 3/8 to 1/2 inch thick, are fed simultaneously in pairs 
a t  the rate of thirty-six pairs a minute. They are  first 
stacked up by hand in the two opposite hoppers A, the two 
lowest boards being simultaneously carried into intermit- 
tently revolving cross-shaped members C by means of lat- 
eral feeding mechanisms o r  "kickers" B. These kickers are 
operated by the oscillating shaft D through levers E. 

Members C, each of which is built up  of four L-shaped 
plates so arranged a s  to form two passages a t  right angles 
to each other, revolve in troughs F, which have apertures G 
a t  the bottom for discharging the boards into the chutes H. 
End pivot shafts I of members C are journaled in a n  end 
plate J, and the opposite pivot shafts a re  journaled in a 
similar end plate a t  the opposite end of troughs F. Spur 
gears K are mounted on shafts 1 and mesh with the central 
spur gear L, the latter being attached to the four-notched 
wheel M, which freely rotates on pivot stud N. With this 
gearing, by turning wheel M, members C are made to  rotate 
~imultaneously. 

Wheel M is  operated as an ordinary ratchet wheel by 
pawl P, pivoted a t  the upper end of rocker Q, which, in 
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turn, oscillates on pivot N under the action of the connect- 
ing-rod R attached to the lower end of rocker Q. The rod R 
is attached to the end of lever S, which is mounted also on 
the oscillating shaft D, by means of block T, through which 
the connecting-rod is free to slide. A precharged spring U 
constrains the motion of the connecting-rod in one direction, 
while a stop V, rigidly attached to the connecting-rod, con- 
strains the motion in the other direction. 

As levers E and S move together in the direction shown 
by the arrow, the lowest wooden boards in the hoppers are 
introduced into the momentarily stationary members C, 
while block T approaches stop V, finally reaching i t  and 
carrying it forward, together with the connecting-rod. This 
causes rocker Q to bring pawl P to the point where i t  will 
engage the upper notch of wheel M, and a t  the same time 
lifts stationary pawl 2, thus setting M free to rotate in the 
direction of the arrow. 

As levers E and S return together to  the starting position, 
kickers B will withdraw from under the stacks of boards, 
letting them drop under their own weight to the bottom of 
the hoppers. During this interval, lever S, pressing against 
spring U, will pull the connecting-rod to the right, causing 
wheel M to rotate until pawl Z drops into the next notch, 
thus preventing wheel M from advancing beyond one-quar- 
ter  of a revolution. 

As wheel M stops, lever S will continue to compress spring 
U until the end of the return stroke. Thus, there is a dwell- 
ing period between the completion of the quarter of a revo- 
lution of wheel M and the end of the return stroke of arm 
S, intended to give the wooden boards ample time to drop 
under their own weight to the bottom of chutes H, through 
which they are carried to the nailing-machine table by the 
cross-head W, which moves in synchronism with kickers B. 

Mechanism Equipped with Suction Cup for Picking up 
and Feeding Thin Plates.-Three distinct phases in the se- 
quence of movements imparted to suction cup W of the 
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plate-feeding mechanism ahown in Fig. 17 are produced 
and controlled by a single cam which transmits a sliding 
movement to the rack or actuating rod R. The three phases 
of the movement required to pick up plate A and carry i t  to 
the position shown a t  D, as indicated, consist of a vertical 
movement of suction cup W which raises plate A to the first 
position clear of the pile; a circular motion which carries 
the plate to  the second or vertical position; and the final 

Fig. 17. Muhonftm Dwl9n.d k Pick UP Plat* A and Fwd it to the Porltlon 1ndkot.d ot D. 

horizontal movement which carries the plate to the third 
position a t  D. 

The light frame F of the mechanism slides on bar  B and 
a flatted rod TI both of which are firmly fixed in the ma- 
chine body. The triangular-ribbed frame F has its upper 
portion formed into a long boss. A central boss carries a 
horizontal shaft S on which a carrier C is so mounted that 
it can rotate freely through an angle of 90 degrees. The 

maximum counter-clockwise position of the carrier, as 
shown by the full lines, is determined by a limit pin or stop 
LI. A second stop-pin Lp restricts the maximum clockwise 
rotation. 

A gear G having a pitch diameter of 3 1/2 inches, freely 
mounted on the hub of carrier C, engages rack teeth on a 
hollow plunger P and the actuating rod R. Plunger P is 
provided with a suction cup W a t  the lower end. The re- 
quired suction is maintained in cup W by connection with 
an exhaust pump and valve system. 

A spiral spring, exerting a force of 2 to 3 pounds at the 
rack on rod R, tends to rotate carrier C in a counter-clock- 
wise direction. Another tension spring, exerting a force of 
4 to 5 pounds, tends to move slider frame F to the right. The 
weight of plunger PI which is approximately 1 pound, tends 
to push this member downward. 

The relative strength of the springs and the weight equiv- 
alent of the plunger are important, as the movements of the 
several elements depend on the fact that  these springs must 
collapse in a predetermined order. In operation, horizontal 
rack-rod R moves to the left to rotate gear G and raise 
plunger PI with its plate, until the shoulder on the plunger 
strikes the lower boss face of carrier C, actuating rod R be- 
ing in a position that will not interfere with carrier C. 

Continued movement of rod R to the left rotates gear G 
and carrier C through a quarter-turn against the action of 
a spiral spring until i t  is stopped by limit pin La. Any fur- 
ther movement of rod R now causes the  slide assembly to 
move to the left against the pull of the spring. A reduction 
in the height of the pile of plates is automatically compen- 
sated for by a longer return movement of rod R by its actu- 
ating spring, which causes the plunger t o  fall to the pick-up 
position, regardless of the height of the pile of plates. As- 
suming that the plates are  6 1/2 inches square, the third or 
horizontal motion must be 2 3/4 inches to obtain adequate 
swing clcurancc. 
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Reversing Transfer Mechanism.-The mechanism shown 
in Fig. 18, is used on a wire fabricating machine for trans- 
ferring a flat wire W from its original working position, 
shown in the upper view, to the position indicated by 
dotted lines a t  W 1  in the lower view. I t  will be noted that 
this transfer movement turns the flat wire upside down. 

Fig. 18. (Top) Mechanism Deslgned to Plck Up Wire W ond Transf*r It to the 
Porltian Indicated by Dotted L~ncs ot W,  in Lower Vl*w. (Bottom) Dlogrom 

lllustrot~ng Movemcnt of Transfer Lever D. 

Two synchronized assemblies or mechanisms like the one 
shown are used to support the wire a t  both ends. 

Referring to  Fig. 18, upper view, the reciprocating move- 
ment is transmitted to slide A by a cam-actuated connecting- 
rod B. Gear C and lever D, which are keyed together, are  
mounted on stud J which is fixed on slide A. Rotation of 
lever D is stopped when the ends of a semicircular slot S in 
gear C come in contact with a pin K in slide A. Gear C 
meshes with a rack on the upper edge of plate E, which 
carries the two flanged bushings I and spring G. The bush- 
ings I are  free to slide in plate E on the shaft F, which is 
supported by the two blocks HI attached to  a stationary part  
of the machine. The length of the bushings I is such that 
when in position in plate E, the length of the assembly is 
exactly the same as the distance between blocks H. Thus 
any movement of plate E in either direction is resisted by 
spring G, which serves to equalize the position of the plate 
between blocks H. 

In Fig. 18, upper view, slide A and lever D are shown ap- 
proaching the end of their travel to the left. I t  will be noted 
that the pin K is in contact with the end of slot S in gear C. 
The movement of slide A, up to this point, gives t o  gear C 
and lever Dl to which it is attached, a rotative motion. Mean- 
while, plate E is held stationary by spring G. In the position 
shown in Fig. 18, upper view, the upper end of lever D is 
advancing to receive the work W, which slides under the 
spring L. When the end of slot S comes in contact with pin 
K, the rotative movement of gear C is stopped and the con- 
tinued movement of slide A is transmitted through gear C 
to slide El which is then moved against the resistance offered 
by spring G. In this manner, a straight line movement of 
lever D is produced near the end of its travel to the left. 

In  Fig. 18, lower view, slide A is shown in the position i t  
occupies a t  the end of its movement to the left, the work W 
being gripped under spring L on the end of lever D. On the 
return stroke of slide A, lever D returns in a straight-line 
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movement to the position shown by the dotted line a t  M, 
which coincides with the position shown in Fig. 18, upper 
view. As plate E i s  returned to its central position, con- 
tinued movement of slide A to the right causes gear C to be 
rotated on stud J until pin K is in contact with the opposite 
end of slot S in gear C, a t  which time lever D is in  the posi- 
tion X indicated by dotted lines. A straight-line movement 
to the right is then transmitted to lever D until work W 
arrives a t  the point a t  which i t  is to be discharged. As the 
slot in gear C permits a rotative movement of 180 degrees. 
the work is given a full reversing or turning movement 
while being transferred from one position to the other. 

Dial Transfer Mechanism for Chain Making Machine.. 
171e dial transfer mechanism ahown in Figs. 19 and 20 wars 
developed for use in a chain making machine. The function 
of the mechanism consista of picking up a piece of work a t  
M, Fig. 19, and transferring i t  to the position indicated a t  
N. Since the limited space available made i t  impossible to 
employ an  ordinary cam arrangement for transferring the 
work, it was necessary to develop the special mechanism 
here shown. 

The problem of transferring the work from M to N, which 
was too long a distance to permit using a single cam move 
ment, was solved by employing an indexing dial transfer 
movement, effected by a Geneva motion in combination with 
a comparatively short reciprocating motion obtained by a 
barrel cam. 

Referring to Fig. 19, the transfer of a piece of work from 
M to N is accomplished by a combination of two indexing 
movements of the Geneva actuated dial C which carries the 
piece from M to 0 and a traversing movement of the dial C 
through a distance T by the action of the barrel cam J, Fig. 
20. The latter movement carries the piece from 0 to N. 

Assuming that dial C is  indexed in a clockwitw direction, 
the piece picked up a t  M will be indexed to position P, where 
i t  remains idle while the preceding piece at 0 i s  carried to 
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N. Then, on the second indexing movement of the dial, it 
is carried to position 0, from which it is transferred by the 
movement of dial C through distance T to position N during 
the idle period of the dial. 

The jaws H are spring-operated. The mechanism is driven 
by shaft  S on which the barrel cam J is mounted. The entire 

Fig. 19. End View of Dial Transfer Mechanism U~ed in Chain Making Machine. 
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Geneva mechanism is mounted on a slide Dl which is given 
the required intermittent reciprocating motion by barrel 
cam J through lever I and connecting link K. 

As shown in Fig. 20, the driver F of the Geneva mecha- 
nism is driven from shaft S through miter gears R, spur 
gears U, and universal-joint shaft GI which permits the 
slide D to move on the base without interfering with the 
transmission of rotary motion to driver F. 

Quarter-Turn Mechanism for Transferring Sheets from 
Press t o  Oven.-Tin sheets for making container parts are 
received from the conveyor belt of a printing or decorating 
press, swung through an  angle of 90 degrees in a horizontal 
plane, and fed onto the conveyor of a drying oven by means 
of the mechanism illustrated. The work performed on the 
press necessitates that the tin plate be delivered in the posi- 
tion shown a t  A, in Fig. 21. However, the long drying oven 
is narrow and will only accommodate the sheets when they 
have been turned to the lengthwise position shown at Al. 
As it would have been costly to rebuild the oven to hakdle 
the greater widths, the quarter-turn mechanism was de- 
signed and located between the conveyors of the press and 
the drying oven. 

Sheet A is delivered from the printing press and received 
on conveyor belts E in the position indicated a t  A*. The 
surface speed of conveyor belts El which rotate on pulleys 
mounted on shafts C and Dl is greater than that of the press 
conveyor belts. The front left corner of the tin sheet comes 
in contact with the conical-shaped, friction disks F and FI, 
and a portion of the sheet slips between the faces of the 
disks. These disks are free to rotate on stud R, and are  
pressed together by spring G. The tin sheet is thus gripped 
between the disks, and its forward motion is temporarily 
halted. 

The sheet is swung about the diaks, which act ae a pivot, 
by means of the rubber-covered pulley HI which is in con- 
tact with the lower surface of the sheet. This pulley, which 
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has a surface speed greater than that of conveyor beIts E, 
turns the sheet to position A,. As the sheet nears the de- 
sired position, its edge comes in contact with the face of the 
leather-covered bumper K. The force with which the sheet 
hits the bumper is sufficient to pivot lever 0 about stud J 
and cause the bevel-shaped end of the lever to separate fric- 
tion disks F and F1, and compress spring G. The sheet is 
thereby released and allowed to continue its forward mo- 
tion on conveyor belts E and onto the conveyor of the oven. 

Lever 0 is returned to its original position a s  soon a s  the 
sheet passes bumper K by means of spring M. The tension 
of this spring must be carefully controlled, so that i t  will 
not cause the bumper to apply too much braking action on 
the edge of the moving sheet. Shaft C i s  turned by a motor- 
driven chain. Shaft D and pulley H a re  rotated by means 
of sprockets and a single chain driven by ?haft C. Idler 
sprocket P mounted on bracket N is used to adjust the ten- 
sion of the chain. 

Mechanism for Reversing Work and Transferring it to 
Another Spindle.-The purpose of the mechanism shown in 
Fig. 22 is to transfer the work W from spindle No. 1 of an 
automatic machine to spindle No. 2, and a t  the same time, 
reverse the position of the work, ao that  the chamfered end 
S is inserted in the chuck of the second spindle. The particu- 
lar set-up shown was used in  machining drawn shells such 
as shown a t  A to the form shown a t  B. 

After the work has been chamfered, as  shown at S, the 
housing T of the transfer arm is swung o r  rotated on its 
supporting bearing X to bring the jaws D and E in line with 
spindle No. 1. Rod C then pushes the work into place be- 
tween jaws D and E. The housing T is next rotated o r  in- 
dexed on its bearing X to  bring the work into line with the 
chuck on spindle No. 2. During this transfer movement, the 
shaft K is rotated 180 degrees, so that the chamfered end S 
is in the required position to  enter the chuck on spindle No. 
2 when the work is pushed from between the jaws D and E. 
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Referring to  Fig. 22, spring F exerts sufficient pressure 
on jaws D and E to cause them to hold the work securely 
while i t  is being transferred from one position to the other. 
The housing T is indexed about bearing X by means of link 
G which moves forward or backward a t  the proper time. 

GIs. 22. Mechanbm tor Automotlcolly Ilev.nlng Posltlon of Work W 
and Trarnfarrlng It from Om Spindle to Another. 

The rotation of shaft K for reversing the position of the 
work is accomplished by means of the stationary segment 
bevel gear H, which is in mesh with bevel pinion J. To 
pinion J is secured a member L which transmits the re- 
quired turning movement to shaft K through springs M and 
the a rm N secured to the end of shaft K. The rotating move- 
ment of shaft K is stopped a t  each spindle position by stops 

P, which can be so adjusted that the work is revolved exactly 
180 degrees while being transferred from one spindle posi- 
tion to the other. In  the stopped position of a rm N, the 
spring M which transmitted the motion to the arm is under 
sufficient pressure to keep the arm in contact with the stop. 
Stops 0 which limit the indexing movement of housing T are  
adjusted to bring the work into accurate alignment with the 
spindle. 

Mechanism for Operating Two Slides Alternately.- 
In one automatic wrapping machine, two parallel slides, 
operating alternately, control the movement of each package 
through the machine. Both slides, indicated a t  A and B in 
Fig. 23, are given the required reciprocating movement by 
the cross-head C through a combination ratchet and cam 
mechanism. 

The function of this mechanism is merely to lock the slides 
A and B alternately to the cross-head. The mechanism con- 
sists of locking slide D (see also Fig. 24) ; star cam G on 
shaft H engaging hardened pins L in the locking slide; 
ratchet wheel K keyed to the shaft and operated by the pawl 
J which is pivoted to the machine base ; and locking plungers 
E and F, backed up by coil springs in the locking slide. 

As shown in Fig. 23, slide B is stationary and slide A is 
locked to the cross-head C by plunger E. Locked thus, slide 
A has completed a working stroke and has nearly reached 
the end 'of its return stroke. At this time, pawl J engages 
ratchet wheel K, and, as the slide A completes its return 
stroke, rotates the ratchet wheel and cam G one-tenth of a 
revolution. This results in the cam forcing slide D toward 
the right, unlocking slide A and cross-head C, and locking 
the latter to slide B. 

With slide A now stationary, slide B and cross-head C a re  
locked and travel together through a working and return 
stroke. Near the end of the return stroke, pawl J once more 
engages the ratchet wheel and causes the locking slide D to  
move this time toward the left. This movement of slide D 
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unlocks slide B and cross-head C and locks the cross-head 
to slide A, which is then carried through a working and 
return stroke while slide B remains stationary. 

To prevent over-run of the ratchet wheel, the ends of the 
cam lobes were slightly grooved to fit the hardened pins L. 
Both slides A and B operate a t  a relatively slow speed. It is 

Fig. 24. kct ion X-X of Fig. 23 Showinp the Action of the Locking Sllde. 

advisable, however, when this mechanism is applied to 
rapidly moving slides, to provide some sort of a friction 
stop or brake, so that the slides will stop in the same posi- 
tion at the end of each return stroke. 

PI#. 23. Combtnatlon Ratchot and Corn Mwhanhn CbC 
Lockinq Two Parollol Slid= to a ConHnuour(y Reclproeutfng 
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CHAPTER 16 

Feeding and Ejecting Mechanisms 
for Power Presses 

The use of a properly designed feeding and ejecting mech- 
anism is an important factor in power press operation for 
maintaining a low percentage of spoiled work and a rela- 
tively high production rate. The mechanisms described in 
this chapter were designed for a wide variety of press func- 
tions, such as placing a drawn shell in a punching die ; feed- 
ing strip material a t  various rates ; carrying a printing type 
frame under the ram of a hydraulic press; operating an 
indexing type of dial feed; transferring work from one 
punch press to the proper feeding position in another; eject- 
ing a formed part from a dovetail-shaped punch; retard- 
ing an  automatic feed device; and stopping a press when 
stock fails to feed. 

Other similar feeding and ejecting mechanisms will be 
found in Chapter 16, Vol. I and Chapter 15, Vol. I1 of 
Ingenious Mechanisms. 

Automatic Feed for Placing Drawn Shell in Punching 
Die.-The die shown in Fig. 1 was designed for punching 
the bottom out of a drawn shell of the shape shown by the 
cross-section view a t  S. The arrangement provided for auto- 
matically feeding the shells S to the die resulted in a reduc- 
tion of spoiled work and trouble from shearing of the punch 
due to improper location of the work in the die. At  the same 
time, the use of the automatic feed served to increase the 
production of the die from 1300 to 2400 pieces per hour. 

Formerly, the work was pushed down a chute into a locat- 
ing nest with a stick. Often the work was not in the proper 
position when the punch came down, with the result that 
the punch was sheared or dulled. Part of the difficulty was 

Fig. 1. Dlr Equipped with Automatlc Feed which Lacatn Drown Shdh under Punch. 
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due to the fact that the work would not slide over the hole 
in  the die, which was almost as  large as the work, but would 
come to rest against the side of the hole in a tilted position. 

With the automatic feed shown diagrammatically in the 
illustration, the work is fed into the inclined chute A, from 
which i t  slides down on a shelf on slide C, which pushes it 
between two spring jaws E located over the blanking hole 
i n  the die. The slide C, actuated by spring D, carries the 
shell S under the punch on the upward stroke of the press 
ram. On the downward stroke, the roller R acting on the 
cam T moves the slide C outward to the position shown in 
the illustration, and the punch centers the work, pushes it 
down onto the die, and punches the hole as  shown in the 
lower view in Fig. 1. The round blank punched out of the 
bottom of the shell drops through the opening in the die. 
The work i s  stripped off the punch on the upward stroke of 
the  ram, and ejected from the die by a blast of air. 

The spring action used to push the slide forward pre- 
vents jamming in case the work is only half way in the slide 
when this member starts its forward movement. This h a p  
pens occasionally when the operator fails to keep the chute 
filled with shells. The principle on which this lateral feed- 
ing mechanism operates can be applied, with certain modifi- 
cations, to other work. For example, the slide shelf may be 
omitted when it is unnecessary to carry the work over the 
die opening. 

Obviously, the automatic feed applied to this die makes 
i t  much safer to operate. Also, the die can be operated con- 
tinuously, with less danger of damage to the die or work. 
The shells can be fed by hand into the chute or  a hopper 
feed can be used. They can also be fed by chute directly 
from the drawing press. 

Mechanism for Feeding Washer-Shaped Blanks to Die 
with Concave Sides Up.-Washer-shaped blanks of slightly 
concave form, as indicated a t  a in Fig. 2, are fed by gravity 
from a hopper through a chute L to the mechanism to be 

described. The mechanism, in turn, automatically feeds the 
blanks, one a t  a time and concave side up, through chute T 
to the die of a punch press. 

The part  a is produced by piercing and blanking from 
mild strip steel. This operation leaves slight shearing burrs 
around the edge of the blank, as indicated, and gives i t  a 
concave or  dished effect that varies from 0.010 to 0.040 inch. 
It is the function of the mechanism shown a t  b and c to in- 
sure feeding the blanks to the die through chute T with the 
concave side up toward the forming punch. 

110. 2 (a) Wawn of Blank, Showlng Dlrtortton and Looatlor 
of Bum. (b) Sutioml Slda View of k l w t i n p  Davlca. 

(c) Plon Vlew, with Chuta L and Stop K Romovad. 
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Referring to sectional side view b, baseplate A carriea 
guides B, in which the sliding piece C is moved horizontally 
by the pin joint D. The pin joint is operated through a link- 
age connected to the press connecting-rod. A friction slip- 
ping device is incorporated to enable the sliding piece to be 
stopped a t  certain positions during the cycle. The contact 
body E is fixed to the sliding piece and is bored out, as 
shown, to receive an insulating bushing which carries the 
spring contact plunger F, this being adjusted to bring the 
end face level with the face of the contact body, where i t  is 
held by spring G .  

Block H is also fixed to the sliding piece and carries the 
movable clamp I, which is forced toward the contact body 
by two spring pegs J. The upper side of the clamping head 
is milled to form a stop, so that when the slide is moved to 
the right, the clamp is arrested by a fixed stop K and the 
slide is brought to rest when block H comes up against the 
back of the clamping head. 

In this position, a blank in chute L may fall into the gap 
between the contact body and the clamping head. A notch is 
milled in the clamp stem to engage the upper end of the lever 
M as shown, the lever being freely pivoted on a stud screwed 
into the sliding piece. The free end of the lever may engage 
either of the stops V or W when the sliding piece is moved 
to the left. The stop engaged depends on whether pivoted 
stop N is up or down, the position of N being controlled by 
a n  electromagnet 0 connected in series with the contact 
body E and a suitable source of direct current. 

The two positions in which the clamp may be withdrawn 
and the blank released are indicated by the delivery slots 
X and Y in block Q. The arrangement of chutes R and S is 
such that a blank sliding down chute R will be turned 60 de- 
grees in a counter-clockwise direction, and a blank sliding 
down chute S will be turned 120 degrees in a clockwise di. 
rection before passing down chute T to the press tool and 
its feeding mechanism. 

Assuming that a blank is in chute L in the position shown 
in Fig. 2, and that slide C is moving to the right, the action 
of the device is as follows: Clamp I is arrested by stop K, 
and the contact body E moves on, allowing the blank to fall 
into the opening produced. The slide is then moved to the 
left, permitting pegs J to clamp the blank against the con- 
tact body, which resulfa in the electromagnet 0 being en- 
ergized. Stop V is moved out of the path of lever M, and 
the blank is carried along until lever M comes in contact 
with stop W, when the clamp i s  withdrawn and the blank is 
discharged down slot X. As soon as  the blank leaves the 
contact face, the circuit is broken and the magnet de-ener- 
gized, so that, on the return of the slide to the starting point, 
the stop N returns to its original position when cleared by 
lever M. 

If the blank is located in chute L the oppositt way round 
to that shown, then the central part of the disk will not 
touch the contact plunger and the magnet will not be ener- 
gized; consequently, stop V will cause the blank to be dis- 
charged down slot Y. It will be apparent, therefore, that all 
blanks sliding down chute T will be hollow side up as  re- 
quired. 

Adiustable Strip Feeding Device.-In feeding strip ma- 
terial, it is frequently desirable to vary the feeding stroke 
or adjust i t  accurately to meet changing conditions. The 
device to be described can be adapted for feeding strip ma- 
terial of any form or  type and permits adjustment of the 
feeding interval or  stroke to a minute degree by means of 
an adjusting screw. It is very efficient when moderate feed- 
ing rates are used. 

The operation of the device is as follows: The plate cam 
N, shown in Fig. 3, is provided with a ridge around 180 de- 
grees of the circumference which aerves to raise the end of 
cam-lever K on which roll M is mounted. The oscillations 
thereby created by the cam in lever K are transmitted to the 
pressure lever F through the link J. Thus lever F serves to 
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depress and release the upper plate C which grips the stock 
a t  definite intervals, as  determined by the ~os i t i on  of cam N 
under the cam roller M. 

The lower sliding plate B and the upper plate C, which 
form a unit through the connection of the screws D, are 
actuated by the eccentric block X through the connecting 
link Y. The continual rotation of block X causes the entire 
strip-gripping arrangement under roller H to reciprocate. 

By combining the clamping motion created by cam N and 
the feeding movement imparted by the block X, the strip 
material is gripped in the jaws of the gripping assembly 
and given the required feeding movement. The smooth and 
regular operation of the device is assured by synchronizing 
the rotation of eccentric X with the rotation of cam N in 
such a manner that the gripping device will be released 
slightly before it has reached the end of its stroke. This will 
avoid the possibility of dragging the strip back slightly on 
the return stroke of the gripping assembly. 

Strip material of any kind can be handled by the feeding 
device. Flat surfaces in the gripping assembly would serve 
well for materials that are slightly compressible. For hard 
materials, i t  may be necessary to roughen the surfaces in 
order to obtain a firmer hold. By altering the shape of the 
surfaces, i t  would be possible to handle materials of a form 
other than flat. For instance, wire can be easily controlled 
in a device of this type. 

Referring to the construction of the device, the rails A 
are a part of the machine structure, and, in  addition to serv- 
ing as  a support for the device, they have channels which 
guide the lower sliding plate B. The upper plate C is held 
in place by four fillister-head screws D, the  heads serving 
as pilots for the upper plate. Four springs E around screws 
D tend to keep the upper and lower sliding plates apart. 
The whole assembly constitutes the strip-gripping arrange- 
ment. 

The pressure lever F is supported in brackets G fastened 
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to the rails A so that roller H rests on the surface of plate 
C. Link J serves to connect lever F with the cam-lever K. 
The cam-lever is supported in the bracket L, also fastened 
to the rails A, and is provided with the cam roller M which 
makes contact with cam N. 

Cam N is fastened to the shaft 0 which is supported be- 
tween the bearings P and Q. The bearings are fastened to 
the support bars R which, in turn, are attached to the rails 
A. The hecessary power for actuating the device is obtained 
from the shaft S through the bevel gears T. 

The stroke-adjusting arrangement consists of a screw- 
carrier U fastened to shaft 0, the adjusting screw V, the 
end plate W fastened to the screw-carrier and serving to 
retain the adjusting screw in place, and the eccentric block 
X. Turning screw V causes eccentric block X to travel 
closer or farther away from the center of shaft 0, thereby 
decreasing or increasing the eccentricity. The link Y serves 
as a connection between block X and the strip-gripping as- 
sembly through the extension block 2. 

Compact Table-Feeding Mechanism.- The mechanism 
shown in Fig. 4 was designed to carry a chase or  printing 
type frame P under the ram of a hydraulic press for making 
wax impressions from the type in the chase. The limited 
space available on the press prevented the use of the con- 
ventional crank movement, and made a compactly designed 
feeding mechanism necessary. 

The table A on which the chase is loaded reciprocates be- 
tween the loading position P of the chase a t  the left and the 
working position PI a t  the right. The travel of the table ia 
guided by ways B. Table members C form a slot M which 
is a t  right angles to the center line X-X, representing the 
direction of rectilinear movement of the table. Block D, 
which is a sliding fit in thia slot, is  free to revolve about the 
stud S a t  one end of crank-lever F. Crankpin H is turned 
by crank 6, which is revolved by means of the driving shaft 
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E to  which it is pinned. The center line of the crankpin will 
follow a path shown by circle J. 

The travel of one end of the crank-lever F, being fastened 
to  block D, is confined to a reciprocating movement by the 
slot M. The other end of the crank-lever is fastened to table 
A by connecting-rod pin K. The travel of pin K, which car- 
ries the table with it, is confined by slot L formed by the 
table members C to a reciprocating movement. The common 
center line of the table and pin K follows the path indicated 
by center line X-X. 

Mechanism for Operating Dial Feed and Radially 
Positioned Multiple Punches.- The mechanism shown in 
Figs. 5 and 7 was developed for operating an indexing type 
dial feed and radially positioned multiple punches used for 
the production indenting of thin-walled tubes, such as indi- 
cated a t  B in the enlarged view A, Fig. 6. The tube B serves 
a s  a means of assembling or joining the wooden rod C to 
the cylindrical rubber piece D. 

The function of the dial feed mechanism is to pick up the 
assembled rod C, tube B, and rubber D at E, Fig. 7 a t  the 
left, and by successive intermittent indexing movements in 
the direction indicated by the arrow, bring these assembled 
members into the position indicated by the dot-dash lines a t  
F. While the work dwells in this position, the eight radially 
located cam-operated indenting punches G are advanced to 
produce sixteen indentations, which serve to securely fasten 
tube B to rod C and rubber D. 

After the indenting operation, the work is indexed around 
toward the rear of the dial feed, where it is unloaded on a 
conveyor or  picked up by another feeding dial. Thus one 
assembly is indented a t  each dwell period between successive 
indexing movements of the dial. 

Referring to Figs. 5 and 7, a t  the left, it will be seen that 
the feeding dial consists primarily of two disks H, each 
fitted with twelve radially positioned, equally spaced slides J 
having U-shaped slots a t  their ends which pick up and carry 
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the work. Each slide J has a cam roller K which runs in a 
cam groove in the face of one of the two stationary cam- 
plates L. 

The cam grooves in plates L are so laid out, a s  shown 
diagrammatically in Fig. 7, that roller K, instead of follow- 
ing the concentric path indicated by circle M, follows the 
path indicated by line N as  the disk H is indexed from one 
position to another. This causes the slides J to carry the 
work along the path indicated by line P and the circles 0. 

Fls. 6. Typleol h u m b l y  rfth Tub. B Indontod by Muhonlsm Shown In Flo. 5. 

It will be noted that the work follows a path that leads 
away from the center of the dial or disk H as it leaves the 
loading position E, Fig. 7, a t  the left, until i t  reaches the 
position Q, after which i t  follows a straight horizontal path 
from Q to R, from which position it continues on a path that 
carries it back toward the center of the dial until i t  reaches 
the position indicated at S. I t  is necessary to have the work 
follow this irregular path in order to permit the tube B and 
rubber D, Fig. 5, to clear the indenting punches and holders 
as  they are being indexed from Q into the indenting posi- 
tion a t  F and out again to the position R after being in- 
dented. 
The intermittent indexing movements are transmitted to 

the feeding dial disks H from the driving shaft T, Fig. 5, 
through the cam U and dial driver E. The eight indenting 
punches are simultaneously moved inward radially to per- 
form the indenting operation by means of the oscillating 
cam W operated from shaft T. The depth of the indenta- 
tions can be controlled by adjusting the length of throw of I I 
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the cam oscillating mechanism. The oscillating movements 
of cam W are, of course, synchronized with the indexing 
movements of the work-carrying dial so that the indenting 
punches advance and withdraw while the work-feeding dial 
is stationary in one of its twelve dwell positions. 

The holders of the indenting punches G are close sliding 
fits in the slots in the stationary head X, and have rollers Y 
which are running fits in their respective operating cam 
slots. The bracket 2, Fig. 7, a t  the right, supports a cover 
I, which keeps the work in place in the slots in slides J while 
it is being indexed from the loading position a t  E, Fig. 7, to 
the unloading position. The cams L, Fig. 5, are made with 
hubs mounted in a center pedestal equipped with a split 
bearing having clamping screws which provide means for 
individually adjusting the positions of the cams to obtain 
accurate alignment of dials H. 

Automatic Transfer and Feeding Mechanism.-The auto- 
matic work transferring and feeding mechanism shown in 
Fig. 8 enables one person to operate a series of punch 
presses equipped to *perform successive stamping opera- 
tions. The stampings A are  blanked and drawn in one press 
and are then blown by a i r  pressure through a chute to the 
press shown in Fig. 8. The stampings are located in the die 
of the latter press by an automatic feeding mechanism. The 
feeding mechanism is shown on one press only, but other 
presses equipped with similar feeding devices can be added 
to the production line. This type of die with its lateral feed- 
ing mechanism can be adapted for handling different kinds 
and sizes of work. It operates at high speed and eliminates 
the need for a second operator in many instances. 

The blanked and drawn stamping blown through the 
chute comes to rest against stop E, which is also shown in 
Fig. 9. The lateral feed-slide F now engages the stamping 
and pushes i t  forward into the spring-actuated receding 
jaws G which center it on the die H. Fig. 8. The slide is 
then withdrawn from the path of the descending punch. 

POWER PRESS FEEDING MECHANISMS 
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On the down stroke of the press, a spring pin I projecting 
from the center of the punch comes in contact with the 
stamping and holds i t  against the die until the punch en- 
gages the work. The jaws are then pushed out of the way 
by contact of the tapered end J of the punch with the ta- 
pered surface K of the jaws. 

On the up stroke of the ram, the stamping is pushed off 
the punch by pressure exerted by a spring-actuated stripper 
located within the punch. The stamping is held down by the 
spring pin I until it is gripped by the inward moving jaws. 
The finished stamping is pushed out of the jaws by a pawl 
attachment L on the front end of the feed-slide F. 

The forward movement of slide F, which pushes the 
stamping from the jaws G, is spring-actuated, while the r e  
turn movement is obtained by positive mechanical means. 
The yielding movement provided by the spring M on the 
forward stroke of the slide prevents jamming in the event 
that the slide is blocked in any manner, as, for instance, 
when a stamping is engaged by the slide before i t  has cleared 
the chute. The long spring M is contained in a two-part 
telescoping rod N which is connected to the slide through 
links 0, P, Q, and R. The slide is actuated from the crank- 
ehaft of the press by crankpin S, which can be adjusted 
toward o r  away from the center of the crankshaft by screw 
T to vary the length of the stroke. Crankpin S is set 90 
degrees ahead of the crankshaft, so that the slide moves 
forward during the last half of the up stroke of the presa 
ram and during the Arst half of the down stroke. This set- 
ting gives the maximum time available for movement of the 
alide a s  required to permit i t  to clear the punch when han- 
dling large or deep work. 
Changing the set-up for different operations is accom- 

plished by simply removing the disk-shaped plate U which 
holds the die H and replacing i t  with another disk carrying 
the die for the new operation. The plate U, Fig. 8, is desig- 
nated H in Fig. 9. Individual jaw adapters V which fit the 

work are attached to slides W. The jaws a re  opened by 
means of adjusting nuts X. The position of stop E is ad- 
justed to suit the size of the work. In certain cases, the 
positioning attachment on the front end of the slide is also 
changed. The most important other modifications apply to  
the perforating or  blanking dies, and consist of providing 

Flq. 9. Dlogmmmda Plan Wow of Prfnclpol Mambm of Die, Fndlna 
Slida and Work Locoton of Prrs Shown In Flg. I. 
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guide pins in plate U which are extended to the punch-holder 
in order to maintain accurate alignment. 

When two or more presses are operated in a line, their 
treadles are connected by linkage, so that wher. one press 
is stopped, the others also stop. The presses are run a t  a p  
proximately the same speed, the last ones, however, run- 
ning slightly faster. With this arrangement, no damage i s  
done in the event that a press is operated without work in  
its die. 

A die with this feed arrangement will handle any kind of 
stamping work which can be fed through a chute, whether 
round or square, shallow o r  deep, or of relatively large or  
small size. I t  is only necessary to push the work into the 
centering jaws approximately close to the required position 
and it will be automatically centered. This prevents the 
punch from cutting into a partially entered stamping, as 
in the case of gravity chutes which carry the blanks directly 
to the die. Jamming of the die or feed rarely occurs, as pre- 
viously mentioned. due to the spring action incorporated 
in the design. 

The lateral feeding mechanism which pushes the work 
into the centering jaws by means of the spring-actuated 
slide that moves a t  right angles to the direction in which 
the stampings are fed through the chute operates rapidly 
and is practically trouble-free. The operating principle of 
the mechanism illustrated has been described a s  i t  is ap- 
plied to most types of work. Certain modifications can be 
made to suit the requirements of special cases. 

Mechanism for Eiecting Formed Part from Dovetail- 
Shaped Punch.-In producing the piece shown in Fig. 10, 
upper right, on a punch press, i t  is necessary to strip the 
work from the forming punch. Although operations of this 
type are not unusual, this particular operation presented 
some difficulty because the work was 4 inches long, and the 
stroke of the press only 2 1/2 inches. As it appeared inad- 
visable to attempt to strip the work from the punch by a 

direct leverage arrangement under such conditions, the 
stroke-multiplying mechanism shown was devised. 

Referring to  Fig. 10, lower left, the punch B is carried 
in the holder A; the die, being of conventional design, is not 
shown. Punch A carries the grooved bracket D in which 
the ejector E slides freely in dovetailed ways. The extension 
K on the forward end of the ejector passes directly under 
punch B in removing work C on the up stroke. 

Ilp. 10. Muhonhm by whlch Vwtlcol Stroke o f  Punch Produces Horixontal 
Movement of Strlpper Equol to Twlc* the Length of Punch Stroke. 

A slot S is machined in bracket D at an angle of 45 de- 
grees with the horizontal. Slide E likewise has a 46-degree 
slot T, which is inclined in the reverse direction. Block G, 
fastened to the bolster plate of the press, provides a bear- 
ing for the oscillating lever F, which carries the pin H a t  
its upper end. Pin H passes through the slots in both D and 
E a t  the point of their intersection. I n  Fig. 10, lower left, 
the ram of the press is shown a t  its lowest point, while slide 
E is held a t  i ts  extreme rear position. 
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In Fig. 10, lower right, the ram is shown as it appears 

after having completed more than half of its upward stroke. 
As the ram ascends, pin H approaches the bottom of the 
slot in bracket D, causing lever F to swing forward. As pin 
H passes through the slot in slide E, the latter member is 
carried forward, but because of the angularity of the slot 
in slide E, its movement is twice as great as  that of the pin 
H. Thus the vertical movement of the ram is transmitted 
through slide E in a horizontal direction and a t  an  increased 
ratio sufficient to strip work C from punch B. 

Mechanism for Retarding an Automatic Feeding 
Device.-A two-stage forming die with an automatic feed 
is used to form flanges on a relay armature in two different 
directions. A 1-inch feed on a 2-inch stroke punch press is 
used for this operation. Only the last 15/32 inch of travel 
of the 2-inch stroke does the forming. I t  was necessary, 
therefore, to retard the automatic feed caused by the 2-inch 
stroke of the press. This was accomplished by the mecha- 
nism here illustrated. This retarding mechanism keeps the 
feeding device stationary during the forming operation. 

When the punch has completed 1 17/32 inches of its 
travel, bellcrank H halts on the head of stopscrew K, as  
shown a t  the left in Fig. 11. However, the punch continues 
its travel, and completes the forming operation. As shown 
a t  the right in the illustration, when the punch moves up 
and the bellcrank is lifted off the stopscrew, pawl M turns 
ratchet N, thereby feeding a new part into the first stage 
of the die, moving the partially formed part from the first 
to the second stage of the die, and pushing a completed part 
out of the die. 

The mechanism was assembled by fastening eyebolt A 
to the punch-holder with screw B. Lock-nut C and spring- 
housing D were threaded onto the eyebolt. A threaded bush- 
ing J was placed over one arm of the bellcrank H. The end 
of thie arm of the bellcrank was fitted with a spring support 
bushing F, held to the bellcrank by cap-screw G. A pawl M 
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was pinned to the other a rm of the bellcrank. Spring E b a s  
placed in the housing D, and then the bellcrank assembly 
was fastened to this housing by the threaded bushing J. 

The arm of the bellcrank that  holds the pawl was fitted 
over drive-shaft 0 of the feeding device. This a rm and 
ratchet N were retained on the drive-shaft by means of nut 
P. Drive-shaft 0 was attached to the die-holding surface of 
the die set. Stop-screw K was threaded into the base of the 
die set. Lock-nut L is used to secure the stop-screw in the 
desired position after adjustments have been made. 

Mechanism for Automatically Stopping Press when 
Stock Fails to Feed.-A certain press operation involves the 
feeding of two steel strips from rolls into the forming sta- 
tion of the machine, where pieces are  cut off from each str ip 
and assembled in automatic dies. To avoid material waste 
caused by failure of either strip to feed, due to a break in 
the material or completion of the roll, i t  was necessary to 
develop the electrically operated, automatic stop mechanism 
here described. With this mechanism, the positive clutch 
of the press is automatically tripped, thus stopping the 
machine, when either of the strips fails to feed. Modifica- 
tions of the mechanism can be made to accommodate other 
types of clutches. 

As shown in Fig. 12, the two steel strips X and 2, being 
fed in the direction indicated by the arrows, a re  contacted 
by rolls A and B, respectively. These rolls, mounted on bell- 
cranks F and E, are held against the strip stock by springs 
C and D. The feeding mechanism (which is not shown) 
draws the thin strips over idler roll M, thus increasing the 
tension of the strips. The bellcranks pivot about shaft  G, 
which is supported in the  U-shaped bar H that  hangs from 
plate J. This plate i s  fastened to block K, which is mounted 
on spindle L of the machine through which the strips pass. 

The upper arms of be1Icranks E and F are  fitted with 
screws V that  make contact with either of the normally open 
switches R and S when the  feeding of the strips is inter- 
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rupted. This closing of the electrical circuit is accomplished 
through movement of bellcrank E or F, by spring C or D, 
depending upon which steel strip is broken, thus causing 
one of the screws V to close gap P or Q. The switches are 
electrically connected to  solenoid A, Fig. 13. 

Fig. 13. When Stock Fall8 to Fwd, Twth  on Ctutch P are Automatlcall~ 
DI18ngog8d from tho18 on Hub of Pulley M, thus Stopping P n s r  

Referring to Fig. 13, when the electrical circuit to so- 
lenoid A has been completed, the contact point D will be 
moved toward the solenoid, closing gap B. This movement 
causes pawl C to pivot about stud G, thus releasing the end 
of pawl F. Spring H, which is connected to yoke end J of 

pawl F, then pivots the pawl around shaft Y, thus pulling 
the clutch teeth out of engagement a t  L and causing the 
machine to stop. 

Pulley M rotates in the direction indicated by the arrow, 
and is held in position on shaft Q by collars. Clutch P is 
keyed to the shaft, and when the teeth of the clutch a re  in 
engagement with those of the pulley, key R causes the shaft  
to revolve. When the teeth are disengaged, the pulley is 
free to rotate on the stationary shaft. Pins W in yoke J fit 
in the groove in the clutch. The clutch can be re-engaged 
by lever K. 
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CHAPTER 17 

Hoppers and Hopper Selector Mechanisms 
for Automatic Machines 

Tool engineers and machine designers are often faced 
with the problem of designing mechanisms to pick up parts 
from hoppers for delivery to the assembly machines. By 
"hopper feeding" is meant the indiscriminate dumping of a 
load of parts into a hopper of suitable size and shape, from 
which the parts are picked up, in the proper position, and 
deposited in a track for feeding to a machine by gravity. 
Ordinarily, the pick-up member is so shaped that the parts 
cannot enter the track if they are not in the right position, 
and therefore are dropped back into the hopper. Occasion- 
ally, the shape of the part and the speed requirements of 
the machine make i t  necessary to pick up parts that are not 
all in the same position. In that case, prior to going into 
the assembly machine, the parts are required to pass 
through an auxiliary mechanism, or separator, which 
arranges them all in the required position. 

Many types of hoppers have been designed and built with 
varying degrees of success. One type of hopper may work 
successfully for a part of a certain shape, but may prove 
entirely unsuitable for pieces of a different contour. A great 
deal of thought must be given to the selection of a hopper 
for any particular job. Every new problem is unique in 
some respect, and will necessitate variations in the type of 
hopper selected. 

Centerboard Design of Hopper.-Fig. 1 illustrates the 
centerboard hopper, a highly successful type when used to 
pick up parts within its limitations. The hopper body may 
be made of cast iron or cast aluminum, or i t  may be of 
welded steel construction. Side and end section views illus- 
trate the general construction. 
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An arm A actuates a hardened centerboard blade B, which 
oscillates up and down through the mass of parts, picking 
up a few of them in the groove machined in its top edge. 
At the top of the stroke, this groove is in line with a track 
or tube C, and the parts slide down toward the machine. 
When the track is full of parts, those remaining on the cen- 
terboard fall back into the hopper. I t  is important, when 
the track is full, for the end of the last part to come flush 
with the end of the track. If it should project into the hop- 
per, a jam would occur when the centerboard rose on the 
next stroke. 

Another important design factor is to so lay out the cen- 
terboard arcs that the point of delivery, where the track 
joins the centerboard blade, is as high as possible. In that 
way, the greatest number of parts can be placed into the 
hopper at one time, and it will not be necessary to refill it 
as often. In at  least one case the delivery point on several 
hoppers for the same machine was placed so low that the 
capacity of the hopper was too small for the speed a t  which 
the parts were being taken out. Careful thought to good 
hopper design will prevent these costly mistakes. 

Section X-X shows the correct form for the top portion 
of the blade when used to pick up parts of round cross-sec- 
tion. It will be noted that the centerboard width is the same 
as the part diameter. However, it is machined so that it will 
bear on only one-quarter of the part  diameter. This form 
has been found highly successful. 

The centerboard blade should be chromium-plated. This 
serves two purposes. I t  allows the parts to slide more freely 
into the track, and the slippery surface thus provided pre- 
vents wedging of the parts between the blade and the bot- 
tom of the hopper on the downward stroke of the blade. 

A cam is generally employed to  actuate the blade, so that 
it will have a slow upward travel and a quick return. How- 
ever, cranks have been used successfully for this purpose. 
They are run at speeds not greater than 40 R.P.M. 

The centerboard type of hopper is recommended for  all 
round parts having a length greater than twice the diam- 
eter. It can also be used for small disk-shaped parts by 
machining the groove a t  the top of blade to  a depth of one- 
half the part diameter so that the parts a r e  held as shown 
a t  A in Fig. 2. 

An interesting application of centerboard hopper design 
is shown a t  B in Fig. 2. Here the blade C is machined a t  an  

- 

WORK WORK 

D 

C 

A B 

SECT ION THROUGH BLADE 

Fig. 2. Bloda Doslgm U d  tor Plcking Up Porh In Contorboard Hoppan. 

angle, so that parts with angular projections can be picked 
up facing in only one direction. A stationary baffle plate D 
must be incorporated in this design to slide the parts over 
into the correct position a t  the top of the stroke. It can be 
seen that a part cannot be picked up in the wrong position, 
since i t  would slide off the edge of the blade, as shown at 
the right of Fig. 2. 
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Rotary Centerboard Hopper.- The rotary centerboard 
type of hopper can be applied to many automatic machines. 
By varying the blade cross-section, it can be easily adapted 
for  parts of different shapes. This hopper has been found 
to be exceptionally satisfactory for channel-shaped parts of 
the type shown in Fig. 3. 

The rotary blade A is given an intermittent motion, either 
by a Geneva wheel or by a pawl and ratchet arrangement. 

WORK 

Flg. 3. Rotor). Cantarboord Hoppar for Fndlng Chan~l-rhaprd ? a m  
to Automottc Machlnn. 

The latter, because of ita comparatively low cost, is gener- 
ally used. As in the previous case, the blade should be hard- 
ened and ground, and then chromium-plated. 

As with all hoppers for feeding parts, the wheel rotation 
should be as  slow as possible, considering the feed require- 
ments of the automatic machine which it is supplying. An 
ideal drive consists of a cam-operated ratchet, with a quick- 

return pawl and a slow blade movement. A slight dwell lobe 
should be incorporated in the cam at the point where the 
blade comes opposite the track. This gives time for  the parts 
to slide from the hopper blade to  the track. The cam should 
be of the harmonic motion type tha t  allows the wheel to 
start slowly, accelerate gradually, and finally come to a 
stop. In tha t  way, the parts that have been picked up on 
other arms of the rotary blade will not be knocked off by 
abrupt stops. 

tO MACHINE 

fig. 4. Hoppar Cmpls*lna a RdprocsHng Motion to C a d  Short 
Po* through S+atlonary T u b  to M o a h l a  
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Tube and Rotary Types of Hoppers.-Fig. 4 shows a 
good design of hopper for feeding short parts, such as  illus- 
trated a t  the right. The hopper body consists of a cast fun- 
nel which has a dovetailed slide A machined in its lower side. 
The feed-tube B is a sliding fit in a reamed hole in the hop- 
per body as shown. 

In operation, the hopper body is given an up and down 
movement by the actuating rod C. On the downward stroke, 
a number of parts enter the open end of the tube and slide 
down to the machine. The open end of the tube is machined 
a t  an angle so that, if a part falls crosswise of the opening, 
i t  will be knocked off by other parts on the upward stroke 
of the hopper. When the feed-tube is required to be bent, 
as shown, the inside diameter of the tube must be sufficiently 
greater than the diameter of the part so that the parts will 
not bind in turning the corner. 

SECTION X - X  

D 

L 

The rotary type of hopper has proved practical on a wide 
variety of jobs. As illustrated in Fig. 5, i t  consists of a large 
round container A, mounted a t  an angle, with grooves ma- 
chined in the baseplate B. When the baseplate rotates, some 
of the parts in the bottom of the hopper fall into the grooves 
in the baseplate and are carried up in line with the opening 
in track C .  When the track is full, succeeding parts are car- 
ried past the track opening and fall back into the bottom of 
the hopper. 

A baffle D is mounted on the stationary center E as  shown. 
This prevents the parts that have been picked up from fall- 
ing back into the hopper before they have passed the track 
opening. The track is mounted on a stationary bracket F. 
The set-up illustrated was designed for feeding short screws 
to an automatic screwdriver in such a way a s  to insure a 
continuous supply and correct positioning. 

WORK 

SECTION X-X  

Flg. I M a r y  Hoppu for Handllng Wlde Varlaty of Wwk auah r Sarrrr Fig. 6. Poddlewhad Hopper for Feedlng Ftot Work, Varylng In Shop. 
from Square to Round. 
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Hopper for Feeding Flat Work of Both Round and 
Square Shapes.-The hopper shown in Fig. 6 is used for 
feeding flat work varying in shape from square to round. 
I t  is an inexpensive and very efficient design for such parts. 
Section X-X shows the shape of the groove a t  the bottom 
of the hopper. The parts that fall into this groove are pushed 
up the incline by the paddle wheel A. When the parts have 
been pushed up far enough, they enter the track B, down 
which they fall to the machine. When the track has become 
full, the succeeding parts ride up the baffle C a s  shown, and 
fall back into the hopper. 

Barrel Hopper for Intricate Shapes.-The barrel type of 
hopper, while more expensive to build, is sometimes the only 
one that will successfully select parts of very intricate 
shape, including those that interlock when grouped together. 
I t  consists of a rotating hopper A, Fig. 7, which is shaped 
like a barrel and is open a t  both ends. The parts are dumped 
into hopper A through a loading hopper B. 

On the inside of the rotating hopper are cast longitudinal 
fins, as shown in section X-X. Rotation of the hopper, which 
is mounted on bearings F and driven by the pulley G, causes 
the parts to flow in a steady stream down a blade C, which 
is set a t  a slight angle and connected at one end to an elec- 
tric vibrator D. The other end of the blade is aligned with 
the track E, which leads to a machine. 

The constant agitation of the parts resulting from this 
arrangement prevents interlocking, and some of the parts 
will fall on the blade in the right position. Vibration of the 
blade causes the correctly positioned parts to move toward 
the track and enter it. The loading hopper shown makes 
filling of the rotating hopper an easy matter. 

Hopper for Feeding Rivets and Similar Shaped Parts.- 
The hopper shown in Fig. 8 is designed to select and feed 
rivets to  a machine in the correct position for the riveting 
operation. However, i t  can also be used for many special 
parts of similar shape. The rotating Nortion A of the hop- 
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per body contains a series of grooves as shown. Re-entrant 
groove G is machined in the stationary part B of the hopper 
body to accommodate the rivet heads. Rotation of the hop- 
per by drive-shaft C allows a few rivets to enter the slots. 
When they are opposite the track D, an opening in the body 
allows the rivet heads to enter the track, and the rivets slide 
down toward the machine. 

SECTION X-X 

Fig. 8. Hopper for F*sdlnp RIwts and Slmllar(y R0p.d Pa* 

Tray Type Hopper for Comparatively Low Production.- 
The tray type hopper is a cheaply built hopper for feeding 
larger parts in comparatively low production. The operator 

places the parts in the tray A, Fig. 9, and they are moved 
toward the track B by vibration. An agitator C, operated 
by a small crank, prevents jamming at the mouth of the 
track. 

Flp. 9. Tray Hoppor for hedlng Lome torts to Mochlnrs at 
Comporatlvoly L o r  Production Rater 

The construction is simple. A vibrating plate D, set close 
to the bottom of the tray, is connected to  the rods of a com- 
mercial electric vibrator E. The angle a t  which the tray 
must be set is determined by experiment, and is usually 
about 4 or 5 degrees. With the agitator operating, the parta 
then move readily to the mouth of the track. 
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Vibratory Hopper for Greater Production Require- 
ments.- Where greater production requirements exist, the 
hopper illustrated in Fig. 10 will be found applicable to a 
wide variety of parts. I t  consists of a commercial vibratory 
feeder A, suitable guiding baffles B, a hopper C, and an 
agitator D. 

Fig. 10. Vibratory Type of Hopper for High Productlon 
Rcquirsrnentr. 

The parts are dumped into the hopper, and the action of 
the vibratory feeder causes them to flow in a steady stream 
from its mouth. Owing to the slight incline of the pan, the 
parts flow toward the track E, being guided by the baffles. 

As in the previous case, an agitator prevents jamming at 
the track mouth. A gate F is incorporated a t  that point, so 
that only one part  can go through at a time. If a part  is 
lying on top of another, the gate will prevent both from 
going through a t  once. The vibration will cause the lower 
part to enter, while the top part  will fall off and enter the 
track in its turn. 

Hopper of Magnetic Design.-An interesting hopper ap- 
plication is shown in Fig. 11, where Alnico magnets A are 
used to pick up the parts from the hopper B. The magnets 

- -- 

Fig. 11. Hoppu  which Uses Mognmts to Plck Up Parts. 
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are incorporated in a conveyor belt which passes through 
the parts, some of which cling to the magnetic stations and 
are carried up. The stripper and side-guide arrangement C 
properly locates parts that were not picked up in quite the 
right position. In case one magnet picks up two parts, the 
side guide will strip the extra part, which falls back into 
the hopper. 

At a point tangent to the top pulley, a track D strips the 
parts from the magnets. The track must be made of a non- 
magnetic material a t  that point. Further down, the park, 
pass through a demagnetizer if the magnetic properties im- 
parted to them are objectionable. 

Fig. 12. Hopper for Fmdlng Long Rods 4 t h  Agitato, ond 
Transfor Wheel whleh Indexal to Comy Rods to Work Stotlon. 

Simple Hopper for Feeding Long Rods.-Fig. 12 illus- 
trates a simple hopper for feeding long rods to a n  automatic 
machine. The rods are loaded into the hopper A, and an 
agitator B insures a constant flow into the track C. At the 
lower end of the track, the rods enter grooves machined in 
a transfer wheel D and are carried to a work station E as 
the wheel indexes. At that point, the parts are  automat- 
ically clamped and held securely while drill heads machine 
a hole in each end. At  the ejection station F, the rods fall 
out into a box. 

Spring -Actuated Pin Type Selector Mechanism.. 
In designing hoppers for feeding parts automatically into 
assembling machines, cases are often encountered where 
the work is required to enter the machine in a certain posi- 
tion for correct assembly with other components. To ac- 
complish this, the hopper must be provided with a selector 
mechanism. 

In the example shown in Fig. 13, one end of the work- 
piece is turned down to a slightly smaller diameter than the 
remainder of the piece, and the part is required to be fed 
intoethe machine with the small end first. A part  of this 
shape would ordinarily be handled by a centerboard hopper 
such as described earlier in this chapter. However, the 
centerboard blade may lift the part up in either of two 
positions, with the smaller end toward the machine or with 
the larger end facing in that direction. 

To insure that the piece will enter the machine in  the 
correct position, a selector mechanism designed a s  shown 
in the illustration may be employed. This mechanism is 
located a t  some point between the hopper and the machine. 
Parts fed from the hopper fall into the selector wheel of 
the device, which is designed so a s  to allow the pieces that 
have been picked up correctly in the hopper to pass through 
into the machine, while those that are in  the wrong position 
are turned, end for end, before entering the machine. 

Referring to Fig. 13, i t  will be seen that the selector mech- 
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anism consists of a housing A, a stationary center plug B, 
and an intermittently rotating ring C, driven by a ratchet 
wheel J. A circular groove D is machined in the center plug, 
which is slightly wider than the small diameter of the work- 
piece. A hardened pin E is pressed into the center plug, 
and a spring-actuated pin F is located two stations away 

Fig. 13. Sprlnpaduatod Pln (F) Pnvonh Work I d  fmm a H o w  In 
tho Incorrect Podtlon from Bolng Transforrod to a Machlm. 

as shown. Pin F and the flat spring H may be seen more 
clearly in section X-X. 

In operation, the parts slide down a tube from the hopper 
and enter a groove machined in the rotating ring C, coming 
to a stop against the end of the hardened pin E. When the 

ring indexes, the parts are carried to the idle vertical sta- 
tion. As they leave the pin E, the small end of those pieces 
that are positioned correctly will enter groove D. Pin F a t  
the next station will not touch the parts in the groove, due 
to their lowered position, and thus they will be free to enter 
a groove G machined in the center plug, through which 
they slide out of the selector and into a tube leading 
to the machine. 

An incorrectly positioned part, having its small end 
toward the selector housing, cannot enter groove D. Hence, 
when i t  comes opposite groove G in the center plug, the 
spring-actuated pin F will bear on the end and hold i t  from 
sliding down the groove. As the wheel continues to index, 
the part is carried around, so that when i t  comes opposite 
the tube leading to the machine i t  will have been turned end 
for end, and thus enters the machine with the small end 
first, as  required. 

In laying out this type of selector wheel, the length of the 
tube between the selector and the machine must be great 
enough to hold a t  least six parts-preferably more. This 
would insure a sufficient supply of parts to the machine in 
case all the pieces for a certain period of time came from 
the hopper in  the wrong position and had to  be carried 
around by the wheel and turned before being fed to  the 
machine. 

This type of selecting device has been found successful 
for a wide variety of parts. Occasionally, a great deal of 
ingenuity is required to design the actual method of se1ec;ti 
ing, but once this is accomplished, hopper problems can be 
met that would otherwise be impossible to solve. 

Circular Blade Type Selector.-To handle a part  formed 
as illustrated in Fig. 14, the rotating ring in the selector 
would have a circular blade A pressed into i t  a s  shown. The 
parts that  a re  in the correct position as they come from the 
hopper rest on this blade, and when they are  opposite the 
groove in the center plug, slide down toward the assembly 
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machine. Those parts that are incorrectly positioned are 
held by the blade, as shown a t  section X-X. In this case, a s  
in  the previous example, the part is carried around to the 
bottom of the ring, where i t  is in the proper position to en- 
ter the machine. There it slides over the inclined face of the 
retaining blade and into the feed-tube. 

A 

&A =-3-g WORK 

SECTION X - X  

Fle. 14. Po* of Shapo Shorn arm Uniformly P w l t l e d  by 
So ldor  that Holds Incorrectly Locotod Ports until They om 

Turned Over. 

Magnetic Type Selector.- A magnetic selecting device 
can be used for certain parts, as shown in Fig. 15. In this 
case, a permanent magnet A is employed a t  the selecting 

station for work having a pointed end, a s  seen in the illus- 
tration. The magnetic attraction is not great enough t o  
hold the parts when the point is toward the magnet, and 
they slide through to the machine. However, when the flat 
end of the part is toward the magnet, i t  is held and carried 
around by the wheel so that it enters the tube leading to the 
machine in the desired position. - 

WORK 

Fig. 11. Pormomnt Magnet (A) Prownh Partr that are Fed to I t  In tho 
Wrong Podtlon from Being Transferrod to o Mochlne. 

This is a cheap and efficient selecting device for certain 
types of parts. It is ideal for use in connection with pin- 
driving machines. In this case, the rotating ring must be 
made of some non-magnetic material, and so must the tube 
leading to the machine. Occasionally, i t  will be found neces- 
sary to provide a demagnetizing coil around the tube. 
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Selector for Flat Hooked Parts.-Fig. 16 illustrates a se- 
lector designed for flat, hook-shaped parts. A blade A in 
the cover engages the hook of incorrectly located parts and 
prevents them going through to the machine. When the 
parts are correctly positioned, the hook does not engage the 

SECTION X - X  

Flg. 16. Blade (A) Prevenh Hook-Sho ad P a m  from D W n g  Throwh 
to 0 Machine When They a n  Fod to tRe S.l.ctor In rh. Wlonp Porttion. 

blade, and the parts are free to go through. Section X-X 
shows the details of construction; i t  will be noted that the  
selector, in this case, is mounted at an angle rather than 
vertically. This is the most positive type of selector, and 
should be used whenever possible. Unfortunately, many 
parts do not lend themselves to such positive treatment, and  
spring pressure o r  magnetic properties must be resorted to. 

Selector for Shallow Drawn Parts.-Shallow drawn parts, 
such as covers for various units, can easily be handled by 
means of the vertically mounted selector wheel shown in 
Fig. 17. With this arrangement, the covers enter slots in  
the rotating ring, and those with the open side up slide 
through the groove to the machine. Incorrectly placed cov- 
ers are held from going through by the plugs A, and a re  
carried around by the ring, falling into the feed-track right 
side up. In  this case, the rotating ring must be fabricated 
sectionally in order to permit assembly of th; plugs A. 

Cup or Can Selector.-The simple device shown in Fig. 
18 is used to position cans so that they will all be fed to  a 
machine with their open ends up. In  use, they slide down 
a tube from the hopper and hit a projecting pin A. Those 
that come down bottom first simply bounce from the pin 
and fall down the vertical tube in the same relative position. 
The cans that come down open end first catch on the pro- 
jecting pin and flop over, so that they fall down the tube 
toward the machine in the desired position. 

Selectors for Reversing Position of Parts.-It often 
happens that the easiest method of selection is to place the 
parts in the opposite position to that required by the se- 
quence of operations in a particular machine. This w~ 
true in the case shown in Fig. 15, where the parts had to 
be fed to the machine point first, but were selected so tha t  
the opposite ends faced the machine. 

In such cases, the track arrangement shown in Fig. 19 
can be used to turn them end for end. This consists of a 
track with a break in it, arranged a s  shown. Two side plates 
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A prevent the parts from leaving the track. When they 
must be turned upside down, a simple bend in the track, as  
shown in Fig. 20, will accomplish this most effectively. It  
can be seen that in this case the cover A becomes the bot- 
tom of the track below the bend. 

Cb. 21. Tmck d r h  Quarbr Trid for Tmlng Porn ftocn Vntlcol to 
Horlzontol Porltlon. 

Fig. 21 shows a quarter twist applied to a track. This is 
useful where the parts must be picked up in a vertical posi- 
tion by the hopper, but must be fed into the machine hori- 
zontally. Occasionally, a half twist is applied to the track 
to turn the parts upside down, where space requirements 
do not permit the use of a bend such as shown in Fig. 19. 

CHAPTER 18 

Miscellaneous Mechanisms 
The mechanisms described in this chapter are those which 

were not readily classifiable in the genera1 groups covered 
by the preceding chapters. They a re  included because of 
some interesting features or ingenious design. 

Press Ram Mechanism that Gives Nearly Uniform 
Pressure During Latter Part of Stroke.- The mechani- 
cally operated presses generally employed for  drawing and 
stamping work and for molding plastic materials produce 
their maximum pressures a t  or near the  ends of their 
strokes. The mechanism shown diagrammatically in Fig. 1 
has been designed to produce nearly a constant pressing 
force against the work for a considerable portion of the lat- 
ter part of the ram stroke, thus giving somewhat the same 
characteristics as  hydraulically operated presses. 

The mechanism has two cranks A and B of the same 
length, mounted on shafts connected by two spur gears C 
and D of the same size. These gears, rotating in opposite 
directions, are so meshed that when crank A is  in position 1, 
namely a t  the upper end of the stroke, the angular position 
of crank B is about 125 degrees in front of o r  ahead of 
crank A. The choice of this angular lead of crank B over 
crank A is very important in obtaining the required result, 
a lead angle of 126 degrees being the one best adapted fo r  
most requirements. Cranks A and B support, on their outer 
ends, the connecting-rods E and F, which are  of the same 
length, The opposite ends of rods E and F are connected 
to the main connecting-rod G which transmits the recipro- 
cating motion to  ram H. 
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The connecting point J a t  which the three different mem- 
bers are joined follows a figure 8 path, as indicated a t  K. 
The larger part of the crank rotation-indicated by angle 
M-is utilized in moving the ram downward, so that the 
return stroke will be accomplished much more quickly. 

Fig. 1. Mechanism for Drlving Prom Ram, wi~ich G l m  Neady Unlforrn V W l t y  
and Prossure During kt).? Port of Darn Stroke. 

Besides the line K showing the path followed by connect- 
ing point J, there is also a speed diagram L which indicates 
the variations in  its velocity. From this diagram, the speed 
of the ram was plotted for the down stroke, as represented 
by curve V. The velocity a t  any point on the downward 
stroke is indicated by the horizontal distance from the ver- 
tical reference line, which has been drawn through the 
center of ram H, to  the given point on that part of the 
velocity curve which lies to the left of the vertical reference 
line. The velocity a t  any point on the return stroke i s  simi- 
larly measured, but to the given point on that part of the 
velocity curve which lies to the right of the vertical refer- 
ence line as  indicated in Fig. 1. 

At the beginning of the stroke, the speed of the ram in- 
creases, the maximum speed being obtained a t  about one- 
third of the stroke. The speed then drops to a point where 
it is about one-third that of the maximum speed, and re- 
mains constant for a relatively large angular movement of 
the crank, as indicated by angle N. At the end of the stroke, 
the speed is reduced to zero. 

The force diagram P, representing the force exerted by 
the ram, is the inverse form of the velocity diagram V. Also, 
in the interval during which the ram speed is practically 
constant, the force remains nearly constant. On the return 
stroke, the variation in speed is similar to  that  obtained with 
slotted crank drives. 

Mechanical Equalizer for Hydraulic Press Ram.- 
A mechanical equalizer designed for mounting on the ram 
of a Greenerd hydraulic press is shown in Fig. 2. This device 
is being used to distribute the pressure exerted by the ram 
equally between two consolidating fixtures mounted on the 
press platen. The application of equalized pressure to the 
two fixtures takes care of any variations in height during 
the consolidation operation. 

The pressure is transmitted to two flxturea (not shown) 
by the pins A and B, the pressure being equalized by the 
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a rm C which is pivotally mounted on pin D. The pins A 
and B are shown by solid lines in their normal operating 
positions, with springs E holding the pins in contact with 
the equalizer arm C.  

Assuming that the fixture in contact with pin B offers 
greater resistance to the pressure exerted by the arm than 

Fig. 2 Dmvlca AHochd t o  Ram of Hydmulic Press to Obtoln tqwll..d Appllcotion 
of Preuurr by A ond 8. 

does the fixture in contact with pin A, the pin A would ad- 
vance while pin B receded, so that they would occupy rela- 
tive positions such as indicated by the dotted lines a t  F 
and G. 

Certain minor changes were made after the original de- 
sign (illustrated) was developed, but the principle of oper- 
ation remains the same. 

Spring-Winding Mechanism Operated by Either Right- 
or Left-Hand Movement of Lever.-A switch for  control- 
ling automobile signalling lights contains a clock movement 
which is started by winding up a clock spring each time the 
control handle is turned. Turning the handle to  the right 
lights the green signal, indicating a right-hand turn. Turn- 

Ag. 3. Mnhodrrn for Rototlng bgment  Qmr In  One Dimtion Rosordlm of t h  Dlnc(lon In rblab 
the Operating Lever la Moved. 

ing the handle to the left lights the red signal, indicating a 
left-hand turn. Turning the handle in either direction must 
always wind the clock spring in a clockwise direction. The 
problem of finding a movement which would do the winding 
under these conditions was solved by the mechanism shown 
in Fig. 3. 
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This mechanism serves to wind the spring regardless of 
which way the handle is turned. The leverage and the pres- 
sure are the same for movement in either direction. The 
distance the handle travels is also the same in each case. 

Referring to Fig. 3, the spring to be wound is attached 
to segment gear A. Swinging the handle B to the position 
indicated by the dotted lines at  C turns on the red light and 
rotates segment gear A in a clockwise direction through an 
angle of 60 degrees. This movement serves to wind the 
clock spring in a clockwise direction. Rotational movement 
is imparted to gear A by handle B through contact of the 
arm D with the projecting member E. 

Swinging handle B to the right, into the position indi- 
cated by the dotted lines a t  F, serves to light the green light 
and also rotate the segment gear A through an angle of 60 
degrees in a clockwise direction. In this case, however, 
rotational movement of gear A is transmitted from handle 
B through the segment gear G by contact of the projecting 
member H on handle B with the projecting member J on 
the segment gear G. The design of segment gear A is shown 
by the views to the left. Lever B is also shown in a separate 
view to the right. 

Pivotal Joints for Special Purposes.-Pivoting joints of 
three different designs developed to meet special require- 
ments are shown in Fig. 4. These joints are used to main- 
tain proper alignment or free action of certain members. 
In the design shown in the upper view, the adjusting screw 
A pivots on the stud B which is attached to a swivel slide 
within the machine, a portion of which is indicated a t  C. 

The knob at D has a curved surface a t  E which fits a 
mating surface in the lug F. As the knob is moved along 
the threaded portion of the screw, the end of the screw a t  
B swings back and forth through a radial arc, the radial 
seat a t  E permitting the knob D to adapt itself to this swing- 
ing motion, which is in a horizontal plane a t  right angles 
to the center line of screw R. 

In the central view of Fig. 4 a fork A used for shift- 
ing a clutch B on shaft C through the medium of the t w o  
pins D is shown. This shifting fork pivots on the screw 
E. A spring a t  F holds the shifting lever in contact wi th  
one side of the bearing, thus preventing i t  from vibrating. 

Fig. 4. Thru  Typom of Plvotd Jolnh D.8lgn.d for Spoclal PMIPOIAI. 

There is also a stop-lug a t  G which limits the sidewise move- 
ment of the lever by coming in contact with the side of lug J. 
This entire lever construction is attached to a bracket H, 
secured by screws a t  K to the front of the machine, a por- 
tion of which is shown a t  L. The shifting lever is operated 
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by a round knob a t  M. A plate N is fastened over an elon- 
gated hole through which the unit is assembled. 

Two pivot pins are incorporated in the arrangement 
shown by the lower view, which is employed for moving a 
swivel plate R. The pivot points are indicated a t  P and Q. 
Plate R is adjustable about a stud (not shown) with a cir- 
cular oscillating movement indicated by the arrow S. On 
the side of plate R is mounted a block T. In a slot in the 
lower end of block T is carried a block V which is pivoted 
on two short pins P. Block V is tapped to receive screw W. 

The pivot point a t  Q consists of a turned stem which is 
integral with the bearing X in which the screw W revolves 
when turned by the hand-lever Y, pinned to the shaft. The 
~ t e m  Q is free to revolve in a fixed base. Plate R, in travel- 
ing back and forth as indicated by arrow S, causes screw W 
to assume various angles, the swivel mountings permitting 
i t  to pivot at  points P and Q. 

Switch-Positioning Mechanism.-The lever arrangement 
shown in Fig. 5 is used on a spring winding machine which 
is reversed frequently by reversing the driving motor. The 
reversals are controlled by a double-throw drum type switch 
having sliding contacts. The lever mechanism serves to hold 
the switch in the neutral position when the mechanism is 
stopped to insure full disengagement of the contacts. With 
this arrangement, complete disengagement of the contacts 
is effected automatically after the operating lever has been 
moved to a given position. 

The lever B is keyed to the shaft A, which operates the 
switch drum. The upper end of lever B is connected to the 
shifter rod G. Pin C a t  the lower end of rod B fits in the 
fork a t  the upper end of the lever D, which is free to oscil- 
late on stud E. The lower end of spring F is fastened to a 
stationary part of the machine, while the upper end is fas- 
tened to the lower end of lever D. 

The positions of the levers when the switch is in the 
neutral position are shown in the left-hand view of Fig. 5. 

The tension of spring F, acting through lever D, serves to 
hold lever B upright. If the shifter rod i s  given slightly less 
than its full travel movement, the spring F will immediately 
return i t  to the neutral position. 

In the right-hand view of Fig. 5, lever B is shown just 
before reaching its extreme left-hand position. At this 

Clg. 5. (Loft) Switch-aparatlng Mechanlmm I n  Noutml P-ltlon. 
(Rlpht) Switch Muhanlmm obout to M a k e  Contact. 

point, the switch drum has not quite completed its partial 
revolution, and spring F, acting on pin C through lever D, 
still exerts sufficient pressure to return lever B to the 
neutral position if the movement of shifter G is not com- 
pleted. However, as the movement of shifter G continues 
to the left, and the levers B and D more closely approach 
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positions a t  right angles to each other, the pressure exerted 
by the fork a t  the end of lever D acts longitudinally on lever 
B and is no longer effective in returning i t  to the upright 
position. The switch contacts then remain in engagement 
until lever B is again returned to the position shown in the 
right-hand view of Fig. 5. 

Follower Mechanism for Contour Milling of Grooves.- 
The usual method of machining a straight slot, the bottom 
of which changes from a parallel to a tapered surface a t  
some point along its length is to make two passes with a 
milling cutter, one for each of the intersecting planes. With 
the proper type of contour follower, however, both surfaces 
can be machined in one pass, and production increased. 

Used In 
Port or 

Mllllnp a 
Shown at 

Slot In a 

The device shown a t  Y and Z in Fig. 6 was designed to 
form such a slot in a cylindrical part, as shown a t  X. The 
work A is located in V-blocks and clamped between a fixed 
jaw B and an adjustable jaw C, which are fitted to a 4-inch 
quick-acting vise. Templet D, which has the contour to be 
produced on the work machined on its surface, is fastened 
to the fixed jaw by dowel-pins E. 

The follower roller H is attached to the milling machine 
arbor F in such a position that i t  rolls on the templet when 
the milling machine table is raised to maintain contact be- 
tween the roller and templet during the feeding movement. 
Bushing G is made a slip fit over the arbor, and roller H is 
pressed on a needle bearing J, which revolves freely between 
two collars K. Both the templet and the roller are  machined 
a t  an angle, a s  shown in view 2, so that  the distance of the 
roller from the milling cutter L can be adjusted by adding 
or removing spacers M, thus varying the height of the cut- 
ter above the work and hence the depth of the slot. 

In operation, the vise is mounted on the table of a hand 
milling machine. Attached to the end of the handle control- 
ling the vertical movement of the cutter is a weight which 
maintains pressure on roller H, so that i t  is kept in contact 
with the templet. When the longitudinal feed of the ma- 
chine is engaged, the roller follows the contour of the tem- 
plet, causing the cutter to mill the slot t o  the same contour. 

Lever and Spring Arrangement for Variably Increasing 
Tension on Slide.- In developing a wire-forming machine, 
it was necessary to provide means for gradually increasing 
the spring tension opposing the movement of a certain slide 
up to a given point in the cycle and then suddenly increas- 
ing the tension. The mechanism designed to accomplish the 
required variation in tension is shown in Fig. 7, the normal 
position of the mechanism being indicated in the upper view. 

The slide A, fitted wi h roller B and cross-bar C, travels 
in a stationary part  of the machine. Two studs D in the 
stationary part  act as  fulcrums for  the levers E. ]Levers E 
carry the rods F, which pass through clearance holes in the 
cross-bar C. Springs H on rods F react downward against 
cross-bar C and upward against the rods F, thus holding 
levers E against the pins G, and the slide A against the pin 
J. In this position, springs H are only lightly compressed. 

As slide A is raised, springs H are  compressed by the 
movement of cross-bar C, the levers E being immovable, 
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due to  their contact with pins G. The tension on slide A is 
thus increased gradually until roller B comes in contact with 
the inner ends of levers E, causing the outer ends to move 

Flg. 7. Sprlnq ond Lavar Ansnpamant for Incnaslng tha Tandon 
Opposing Upword Mov*mmt of Slid* A. 

in the reverse direction. This results in suddenly increas- 
ing the speed a t  which the springs are being compressed, 
which, in turn, causes a rapid increase in tension on the 
slide. 

Rotating Mechanism for Creasing Flexible Material.- 
The mechanism shown in Fig. 8 is designed to actuate the 
jaws A and B for creasing a certain flexible material. The 
jaws and their actuating mechanism comprise only the 
creasing unit of a complete machine. In operation, jaw A 
simply pivots or swings on pin C from the position shown 
in the view a t  the left to that shown a t  the right, so that 
the distance indicated a t  D is reduced to that indicated a t  E. 
While this pivoting movement is taking place, jaw B is 
pivoted inward on pin F a similar amount, and, in addi- 

CLOSED POSITION 

OPEN POSITION 

Clo. 8.  Moehonlrm for Crmr lw FIaxlble Motorlol. 

tion, is rotated approximately one-half revolution. As a r e  
ault of these two movements, jaw B is brought into position 
beside jaw A, as shown in the view to the right, in which 
the outlines of jaws A and B coincide. 

The jaws are actuated as described by the shaft G, pinned 
to arm H. As shaft G rotates, the follower roll on an arm 
projecting from jaw B rides up on the lobe of the face cam 
J, causing the jaw to pivot or swing inward. A fork on jaw 
B, which fits over a ball L machined on jaw A, tranamits 
the required pivoting motion to the latter jaw. Helical 
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springs M maintain a constant opening pressure on the 
jaws. The jaws are offset, a s  indicated by view K, to permit 
them to be closed, as indicated in the view to the right. 

Mechanism Designed to Crimp Ends of Heavy Paper 
Cylinder.-The lever and toggle action mechanism shown in 
Fig. 10 is designed to crimp the upper end of a heavy paper 
cylinder B, Fig. 9, for a length C preparatory to folding and 
flattening i t  over the end of an inside core or spool of twine 
A. After the paper has been folded over the twine, i t  is 
secured in place by cementing a circular label over the end. 

To enable the end of the paper cylinder to be satisfactorily 
folded and flattened, the mechanism was designed to pro- 
duce twelve crimps, equally spaced about its circumference, 
as shown in the plan view of Fig. 9. This required twelve 
individual toggle units, arranged in a circle around a cen- 
tral operating unit. Two of the toggle units are shown in 
the closed position in Fig. 10. 

The spool X, Fig. 10, is lightly clamped in position, with 
the paper cylinder extending a distance Z beyond its upper 
end. The clamping means employed consists of a V-clamp 
A which slides on two tightening rods B, only one of which 
is shown. The tightening rods, with the spool located be- 
tween them, pass through the frame of the mechanism and 
are fitted with clamping nuts. While the work is being 
clamped in place, the lever-shaped jaws C and D move up- 
ward, clearing the spool and paper. 

The entire unit then moves down to the lower position, 
but with the jaws C and D held open. These jaws are next 
closed around the end of t>e paper cylinder, crimping i t  in 
twelve places, as  required. After this has been accomplished, 
it is a simple matter to fold over the end of the paper and 
flatten i t  down into place to receive the label 

Referring to the construction of the mechanism, housing 
E is a drum-shaped part to which is attached a series of 
brackets F. In the illustration, the drum is cut through the 
center to show two of, the twelve units C and D. Each of 

these units is pivoted on its own ratud Q in the drum. The 
twelve angular extended ends G of levers D enter a groove 
in yoke H that is free to slide over the central shaft J. The 
central shaft has a pad K attached to the lower end which 
holds the spool down and acts as  a control center. 

Flg. 9. Twolvo Equally Spocad Cltmps o n  Producod In Hear). 
Paper Cylinder by Mochonism Shown In Fig. 10. 
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The lever-shaped jaws C have straight extended ends L 
to which are  attached, by means of connecting links M, a 
aeries of twelve right-angle levers N, all of which engage 
the  groove in yoke P. Yoke P operates jaws C, bringing 
them into the open or closed position, while yoke H operates 
jaws D; thus the simultaneous action of the two series of 

ticl. 10. Mchanlwm Doslpnod to Crlmp Ends of H ~ v y  Paper Cyt1nd.n 
as Shown in fig. 9. 

jaws serves to  crimp the circumference of the heavy paper. 
Two rods R attached to an operating mechanism within the 
machine serve to slide the yoke P up and down on the cen- 
tral shaft J. In a similar manner, two rods S operate the 
yoke H. 

With the spool and paper cylinder clamped in place, the 
central shaft J moves down until pad K touches the spool. 
As this is done, the entire unit carried on drum E moves 
down into position. Jaws C are then closed by an upward 
movement of yoke P, after which jaws D are closed as yoke 
H slides upward along the shaft from the open to  the closed 
position. 

Selective Timing Mechanism for Actuating a Control 
Lever.-The timing mechanism shown in Figs. 11 and 12 
has been used successfully on one of the textile machines 
manufactured by the James Hunter Machine Co., North 
Adams, Mass. As shown in the illustrations, i t  differs from 
the conventional type of timing devices. I t  covers a wide 
range of timing requirements and can be set fo r  such oper- 
ating intervals or periods as 1, 2, 3, 4, and 5 minutes, or  8, 
16, 24, 32, and 40 minutes. An important feature of this 
mechanism is its extreme simplicity, the selection of the 
various intervals or time periods being instantly accom- 
plished by merely turning a knob. This eliminates the 
necessity for locating or relocating various fingers or cam 
lobes about a disk, as in conventional timing devices. 

The specific purpose of the mechanism illustrated is to 
impart one forward movement to lever V, Fig. 11, for  a 
predetermined number of revolutions of shaft B. This for- 
ward movement of lever V can be used to release a clutch, 
make an electrical contact, or perform any duty necessary 
for starting other mechanisms or machines at the selected 
time intervals. 

Crank A on the drive-shaft B transfers a reciprocating 
movement to the bellcrank C through the connecting-rod D. 
Bellcrank C is free to turn on stud E, and through its pawl 
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F, rotates the ratchet wheel G. The ratchet wheel H rotates 
in unison with ratchet wheel G, as  both members a re  keyed 
to sleeve I, which is free to turn on stud E and extends 
through the stationary frame J. A helical torsion spring K, 
mounted between ratchet G and frame J, tends to rotate the 
two ratchets in an opposite direction to  that imparted by 
bellcrank C and pawl F. Ratchets G and H are divided into 
six equal parts, five of which have teeth that are engaged 
by pawls F and L, respectively. Referring to Fig. 12, these 
teeth are marked No. I,, No. 21, No. 31, No. 4,, and No. 51. 

Referring again to Fig. 11, pawl F is released from 
ratchet G a t  the end of its stroke by cam M, but the ratchets 
are normally prevented from rotating under the action of 
spring K by pawl L mounted on frame J. Lever N, the func- 
tion of which is to lift pawl L from ratchet H, is prevented 
from rotating too freely on stud E by the friction block 0 
and spring P, and is carried forward under pawl L by the 
cam lobe Q, shown in Fig. 12, on ratchet H, and backward 
by pin R in control knob S. Pin R can be placed in any one 
of the holes in ratchet H numbered from 1 to 5. The pointer 
T on ratchet H, shown in Fig. 12, and numbers 1, 2, 3, 4, 
and 5 on the control knob S are used in making the required 
setting. The cam U is extended on the side of ratchet G and 
contacts with the lever V, held against i t  by the spring W, 
as shown in Fig. 11. 

Shaft B rotates constantly when the mechanism is in 
operation, and through crank A, connecting-rod D, bellcrank 
C, and pawl F advances ratchets G and H one tooth for  each 
revolution. Cam U is an integral part  of ratchet G and acts 
upon lever V only when ratchets G and H are in the position 
shown. The position of ratchets G and H a t  the start  of the 
timing cycle determines the number of revolutions of shaft 
B for each forward movement of lever V. 

This is accomplished as follows: Assume that pin R is 
placed in hole No. 3, as indicated in Fig. 12. While cam U 
is acting upon lever V, the lobe Q on ratchet H carries Iever 
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N under pawl L, lifting i t  clear of ratchet H. When pawl F 
is released from ratchet G by cam M, ratchets G and H turn 
backward through the action of spring K, until pin R comes 
in contact with lever N and carries it backward in time to 
allow pawl L to drop and engage tooth No. 3,. Thus, during 
the third revolution of shaft B, the ratchets and cam U 
again come into position to move lever V forward. 

Should pin R be placed in hole No. 4, lever N would be 
carried back from under pawl L by pin R one tooth later 

Fig. 12. Diol Control End of Muhonlsm Shown In FIg. 11. 

when the ratchets were returned by spring K, and pawl L 
would engage tooth No. 41. Lever V would then be moved 
forward during the fourth revolution of shaft B. Should 
pawl L fail to engage any of the teeth, spring K would be 
prevented from being unwound by a safety stop, which is 
just in front of the end of pawl L on the vertical center line, 
Fig. 12. This stop prevents the pointer T from making a 
complete revolution. 

Pin R is so arranged that i t  cannot be removed from in 
front of lever N. Therefore, if hole No. 2 is selected, lever 
N will be carried backward during the setting, and after 
imparting the forward movement to lever V, the return of 
the ratchets will be stopped on tooth No. 21. The forward 
movement of lever V will then take place during the second 
revolution of shaft B. 

This mechanism can be designed for  a different number 
of timing periods by dividing a cycle of the ratchets into 
one more division than the number of timing periods de- 
sired and proportioning the stroke of the connecting-rod 
accordingly. 

Amplifying Mechanism for Precision Measuring Instru- 
ment.-A movement-amplifying mechanism developed to  
transmit movement from the contact or  measuring point to 
the indicating pointer of precision measuring instruments 
has, as its most important part, a metal strip of rectangular 
cross-section which is twisted into a helix, as shown a t  A 
and B, Fig. 13. This twisted part, of unusual design, is 
employed in instruments for taking precision measurements 
of length, weight, pressure, electrical energy, etc., which 
require an amplifying unit that will operate with a mini- 
mum of frictional and energy loss and without back pres- 
sure. 

The mechanism described and illustrated is protected by 
patents of Aktiebolaget C. E. Johansson, of Eskilstuna, 
Sweden. I t  has been employed in extensometers, electro- 
cardiographs, micro-monometers, variometers, and surface 
finish testing instruments. 
The metal strip A, Fig. 13, is twisted into the required 

helical form by fastening each end rigidly and winding from 
the center. The winding operation is continued until the 
metal has been formed sufficiently to  retain the helical shape 
permanently. When the strip twisted in  this manner is held 
a t  each end and stretched, the center of the strip will rotate 
about an axis which is the center of the cross-section of the 
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strip. Actually, one end of the twisted strip is held in a fixed 
position, while the other end is attached to a lever or crank 
connected with the measuring point of the instrument, as 
shown in Fig. 14. The indicating pointer P is secured to 
the center of the twisted strip. With this arrangement, the 
indicating pointer will be moved over a graduated scale 
when the measuring point a t  the lower end of member A is 
moved. 

In the case of the twisted solid strip A, Fig. 13, the metal 
in the center of the section is compressed in winding, and 

no. 13. Typ.l of M&ol SMp, A and B, lndlcatlng Poltator P, 
and Spllt Tuba Q U n d  In Ampiifylng Maehonim Shown In Fb. 14. 

elongated when the strip is stretched. To correct this con- 
dition, a series of perforations may be cut out of the central 
portion of the strip, giving i t  the form a t  B. Such a strip 
requires less energy to operate and also gives a greater rota- 
tive movement with a given tension on the strip than the 
one shown a t  A. The relation between the cross-section of 
the strip, elongation, pitch of winding, and the stretching 
force required to produce rotation has been determined by 

trying different combinations of cross-section dimensions, 
pitch of twist, and size and number of perforations. 

Within a certain range, the rotation of a strip about its 
center is practically directly proportional to the elongation. 
On one type of experimental strip, this portion of the curve 
covers a range of about 60 degrees. The rotation of the 
strip within this range is approximately 18 degrees for an 
elongation of 0.00039 inch. Tests show that a force of one 
gram produces a rotation of 5 to 7 degrees. 

Another strip which requires a much lower operating 
force and produces a much higher amplification gives such 
a high rotative or amplifying effect that  it does not need to 
be perforated if used within a range of 145 degrees rota- 
tion. By "operating force" is meant the force required to 
hold the pointer in the starting or zero position. The latter 
strip is 0.0042 by 0.0002 inch in cross-section, 1.5748 inches 
long, and has a twist of 2160 degrees. 

By varying the dimensions of the cross-section, length, 
and pitch of the twist in the strip, it is possible to produce 
many different amplification ratios. The strips mentioned 
are only examples, and do not show the full possibilities of 
their use in amplifying mechanisms. The twisted strips, 
when properly mounted in an  instrument, are  surprisingly 
strong. The elongating force or tension required to produce 
rotation of the strip about its axis can be reduced to a mi- 
nute fraction of the amount normally required by balancing 
the normal or initial tension with a permanent magnet. 

The "Mikrokator" amplifying and indicating mechanism 
shown in Fig. 14 is fitted with a strip B like the one shown 
a t  B, Fig. 13. Spindle A, Fig. 14, which carries the measur- 
ing point at  its lower end, is forced downward against stop 
C by a coil spring. To provide a frictionless support for  the 
spindle a t  the lower end, it is fastened t o  a metal diaphragm 
D. This diaphragm is cut out, as shown by the plan view E, 
so as  to provide maximum flexibility and not interfere with 
the free movement of the spindle. 
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The upper end of the spindle is fastened directly to hori- 
zontal spring F and the horizontal member of spring "knee" 
G. One end of the twisted strip is fastened directly to the 
vertical member of spring knee G. The other end is fastened 

Fig. 14. Dlopmms Showlng Comhuc+lon of Ampllfylng Mwhonlm 
of Prulslon Gage. 

t o  the adjustable spring support H. An upward movement 
of the spindle will cause the vertical member of spring knee 
G to move to the right. This movement of the spring knee 
results in an elongation of the twisted strip, and causes 
pointer P, fastened to the center of twisted strip B, to rotate 

across the scale of the instrument. Varying the height of 
the vertical member of the spring knee changes the r a t i o  
of amplification between the spindle and the pointer. 

The adjustable spring support H is used t o  adjust the 
pointer position and movement to suit the scale. For eco- 
nomical production, it is more practical to produce identical 
scales than an  individual scale for each instrument. To per-  
mit the use of identical scales, adjustable spring support H 
is provided for  adjusting each mechanism until pointer  
movement corresponds exactly to scale graduations. 

This adjustment is accomplished by an  upward or down- 
ward movement of the plates I and J. These plates have 
elongated holes through which are  passed the screws t h a t  
clamp the plates to the frame. If the plates are  moved up, 
the portion of spring support H that projects above the 
plates is reduced, and thus the spring support is stiffened ; 
this causes greater elongation of the strip and greater move- 
ment of the pointer for  a given movement of the spindle. 
If the plates are moved down, the portion of spring suppor t  
H that projects above the plates is increased, and thus the 
spring support becomes more flexible, and, as i t  bends m o r e  
easily, results in less elongation of the strip and a smaller 
movement of the pointer for a given movement of the 
spindle. 

After the pointer has been adjusted so that i t  corresponde 
approximately to the scale graduations, the final adjustment 
is made by means of screw K. Adjusting plate J is slotted 
a t  the top, a s  shown, so that by turning screw K in  a r igh t -  
hand direction, the tongue a t  the top of the plate is moved 
upward, thus shortening the distance the spring projects 
above the supporting plate. By turning the screw in a left- 
hand direction, the tongue a t  the top of the plate is lowered, 
thus increasing the amount the spring projects. 

This adjustment of the tongue has the same effect on the 
elongation of the strip and pointer movement as the ad jus t -  
ment of the plates I and J; but as  the adjustment is made 
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by means of a screw, minute adjustments of the pointer 
movement are possible. These movements can be adjusted 
until the actual spindle movement, as checked with gage- 
blocks, is made to correspond exactly with the indicated 
movement of the pointer on the scale. The adjusting plates 
can be changed to increase or decrease the initial tension. 

As the only damping effect on the pointer movement is 
furnished by the resistance of the air, it is very important 
that the weight and the inertia be reduced to a minimum. 
The pointer, which is mounted in the center of the strip, is 
made of tapered glass tubing. The tubing a t  the large end 
is approximately 0.0024 inch in diameter, and, a t  the small 
or outer end, 0.0012 inch in diameter. As a pointer of such 
small diameter would be very difficult to see, it is provided 
with a small circular disk just below the tip. This glass tube 
is so flexible that i t  can be bent as easily as a hair without 
danger of breakage, and will return to its original shape 
after bending. 

If the pointer is allowed to swing freely from the extreme 
right or plus 0.003 inch reading back to zero, it takes about 
three-fourths second for i t  to move this distance and come 
to an absolute stop. On some production measuring appli- 
cations, where a damping interval of three-fourths second 
is too great, a quicker damping effect is obtained by having 
the strip rotate in a drop of oil. The oil is held in a short 
length of split tubing which encircles the strip close to the 
point at  which the pointer is fastened to the strip, as shown 
a t  Q, view C, Fig. 13. This makes it possible to obtain al- 
most instant damping of the pointer movement. 

The highest amplification on a standard instrument of 
this type is 3000 to 1. On this instrument, a movement of 
0.0001 inch of the measuring tip causes a movement of 0.300 
inch of the pointer. On the corresponding instrument, with 
a scale graduated in metric units, a movement of 0.001 milli- 
meter of the measuring tip causes the pointer to move 3 
millimeters. 

The highest amplification provided on a special instru- 
ment had a ratio of 27,600 to 1. In this case, a movement of 
0.001 millimeter of the measuring tip produces a pointer 
movement of 27.6 millimeters. The scale has graduations 
for each 0.00002 millimeter. The width of these graduations 
is 0.55 millimeter. On a corresponding instrument gradu- 
ated in the English system a movement of 0.0001 inch of 
the measuring tip produces a pointer movement of 2.76 
inches. Scale graduations are 0.028 inch wide for each 
0.000001 inch. 

Mechanism for Obtaining Uniform Adiustment of 
Guide Rollers.- A number of strands of wire are fed into 
a machine for  producing a woven wire product by passing 
the wires over grooved rollers. The rollers are spaced to 
meet certain specifications. At times, it is necessary to 
change the positions of the rollers in order to mcrease the 
"spread" of the wires. The adjustment must be accom- 
plished while the machine is in operation, and the spacing 
between the wires must be uniform throughout the total 
spread. The two views in Fig. 15 show the design of a guide 
mechanism that fulfills these requirements. When applied 
to the machine, the mechanism is located in a vertical posi- 
tion instead of in the horizontal position shown in Fig. 16. 

A stationary part A of the machine has a dovetail groove 
in it to receive a series of blocks B, several of which are 
shown. These blocks are free to slide in part  A, with the 
exception of the block a t  the extreme right-hand end, which 
is pinned in position. Each of the blocks B has a roller C 
which supports a strand of wire, and all the blocks carry an 
externally threaded bushing D, the head flange of which fits 
into a recess in the adjacent block B. Shaft E passes through 
the assembly of blocks and bushings, and is splined, so that 
any rotative motion given i t  through the crank-handle F ia 
transmitted to  bushings D through a key in the bore of each 
bushing. The screws that fasten the keys in the bores of 
bushings D are shown in the head flanges of the bushings. 
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The lower view in Fig. 15 shows the mechanism Wth the 
rollers set in a position of minimum spread. I t  will be noted 
that each block B is in contact with the succeeding block. 
As shaft E is rotated by handle F, the housings D are ro- 
tated with it, causing each block B to be moved away from 
its adjacent block by an amount equal to the lead of the 
thread on bushing D multiplied by the number of rotations 
given shaft E. 

Fig. 1 I. Muhanirm for Obtalnlng Uniform Adlurtment of Spaclw 
betwean Rollan C. 

The upper view shows the mechanism as it appears after 
handle F has been given two turns. As each of the bushings 
D is rotated, it withdraws from the block into which i t  is 
threaded, causing that block and all those to  the left of i t  
to be moved the same amount. The increase in the spread 
between the two outside rollers represents the accumulative 
effect of the axial movement of bushings D; and as each of 
these bushings is rotated the same amount, the increase in 
the center di~tance between any two rollers is the same. 

Link Mechanism for Operating Combination Furnace 
Door and Work Plate.-A door for a modern high-tem- 
perature furnace must be so designed tha t  i t  can be opened 
quickly ; it must be a tight fit in the closed position and take 
up a minimum amount of space. A door designed to  meet 
these requirements is used on muffle type furnaces operat- 
ing a t  temperatures up to 1000 degrees C. (1832 degrees 
F.). The door of the furnace is suspended on a multiple- 

Fig. 16. Llnk Mnhanlrm for Opratlng lumosll Door. 



500 MISCELLANEOUS MECHANISM8 MISCELLANEOUS MECHANISMS 501 

link arrangement, so that when it is opened i t  rotates 
through a n  angle of 90 degrees, which brings its upper side 
into a horizontal position for supporting the parts requir- 
ing heat-treatment. 

The door plate shown a t  P in Fig. 16 is actuated by a link 
A and is guided by a longer link or arm C. When the door 
i s  closed by rotating link A in a clockwise direction, plate P 
will be in the vertical position indicated by dotted lines a t  
H, with the muffle in the position shown by the dotted lines 
at K. After rotating arm A about 135 degrees counter- 
clockwise, the door reaches the open horizontal position 
shown by the full lines. On the first part of the closing 
movement, the end of the door that is nearest the furnace 
rises without withdrawing from the furnace fa r  enough to 
leave an opening through which small parts might fall. 

The front edge of the muffle must be inclined as  shown 
at E in order to permit i t  to clear the edge of the door open- 
ing a t  F. The door is counterbalanced by a weight attached 
to  arm A, which serves also as a crank for operating the 
door. The length or dimension B between the pivoting points 
on plate P and the length of link C can be calculated if the 
length of link A and dimension D, as well as the angle a are 
given, using the formulas : 

and 

AD (1 + cos a) 
B -  

A (1 + sin a) + D 

Example-A = 3 inches ; D = 12 inches ; a = 45 degreea ; 
sin a = 0.707 ; and cos a = 0.707. 

Substituting the numerical values in the preceding for- 
mulas, we have, 

and 

S x 12 (1 + 0.707) 
B =  = 3.59 inches 

3 (1 + 0.707) + 12 

C = 3 + 12 - 3.69 = 11.41 inches 

The link mechanism described can also be used to advan- 
tage for other purposes, such as supporting tables where 
space is limited, as  i t  permits the tables to be easily folded 
upward against the walls. 

Stripper Mechanism for Wire-Forming.-In the operation 
of a wire-forming machine, one end of wire W-shown in 
the accompanying diagram, Fig. 17-is twisted around a 
pin, as indicated in the second view from the top, and then 
stripped off the pin in preparation for  a subsequent opera- 
tion. The twisted wire must be held in contact with die- 
plate K, as shown in the third view from the top, for a short 
time after pin F is withdrawn. Stripping fingers S must 
then be raised out of the way after the work has been 
stripped. The stripping operation is performed by friction- 
ally operated levers in the manner shown by the diagrams. 

The diagram a t  the top of Fig. 17 shows the levers im- 
mediately before the stripping operation is started. Shaft 
A, supported by bearing B, is given a n  intermittent oscil- 
lating motion by a cam (not shown). Shaft A is keyed to 
lever C, which carries pin F around which wire W is twisted. 
Lever E swivels on pin H, carried on lever C, and is shaped 
on the free end to form stripping fingers S. Lever D, which 
is made of bronze, is split (as shown) to permit it to be 
clamped around the finished hub extension of bearing B, 
the frictional resistance being adjusted by tension spring 
T. The hole in the outer end of lever D is slightly elongated 
and engages pin I ,  which actuates lever E. 

The assembly is shown in its lower resting position in the 
top view of Fig. 17. Stripping fingers S of lever E are 
raised against the under side of lever C to allow space for 
the entrance of the initial forming die, which, a t  this point, 
has completed its work and withdrawn. As lever C is raised 
to withdraw pin F, lever D, being frictionally attached to 
bearing B, is not raised immediately; but, as pin H rises 
with lever C, lever E is caused to swivel on fulcrum pin I; 

As lever C swings upward, the outer end of lever E i s  
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tl9. 17. mop) Strippar M~chanlmn for Wlrrhnnlnp M o e h i n  rfWl 
Wlrr W Twlstod around Mandrel F. (Center) Strlpper Flngen about 
to Strip Wlro W from Pln F. (Bottom) Muhanlsm r l t h  Pin t and 

Strlppor Flngen 5 Robed to thelr Hlshnt Polnh 

caused to swing downward, as shown in the third view from 
the top of Fig. 17. Since fingers S a t  the outer end of lever 
E press the work downward against die-plate K, the move- 
ment of lever E is restricted, and continued movement of 
lever C in the direction indicated by the arrow causes lever 
D to slip on the hub of bearing B. The frictional resistance 
of lever D on the hub of bearing B thus reacts as a down- 
ward pressure on the outer end of lever E, as  indicated in 
this same view, and in the plan view shown in the second 
view from the top of Fig. 17. 

As the movement of lever C continues, its position rela- 
tive to lever E continues to change until screw G on lever 
E comes in contact with the upper edge of lever C. From 
this point, the entire assembly continues its movement as 
a unit, as  shown in the bottom view of Fig. 17, until lever 
C reaches its extreme upper position, where i t  will permit 
the entrance of a forming die. As the motion of lever C ia 
reversed, the frictional resistance of lever D on the hub of 
bearing B reacts on lever E in the reverse direction, so that  
the outer end of lever E is immediately raised until i t  comes 
in contact with the under side of lever C, when the entire 
assembly moves a s  a single unit until i t  reaches the position 
illustrated in  the top diagram of Fig. 17, ready for  the next 
stripping operation to be performed. 

Differential Screw Design.-The use of a differential 
screw for  very fine adjustment has well known advantages. 
However, these often seem to be outweighed by the difficulty 
of obtaining the required perfection in two co-axial threads 
differing minutely from each other in pitch. It is possible, 
however, to  make up differential screws with effective 
pitches of only a few thousandths inch from screws of no 
extraordinary quality, and these can be used for very deli- 
cate adjustments of quite heavy members. Such a differ- 
ential screw is shown in Fig. 18. 

As shown in this illustration, a movable part  of width A.I 
is to move a distance of plus or minus d relative to  the fixetl 
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member, which has a width F. Let the pitch of the coarser 
threaded section of the screw which passes through the fixed 
member be designated PC,  and the pitch of the finer threaded 
section of the screw which passes through the movable 
member as P,. 

If the coarse-threaded part of the screw is a t  the extreme 
left in the fixed member, and the movable member is a t  the 
extreme right on the fine-pitch thread, then: 

1. For each turn of the screw, the coarse-threaded part  
of the screw will move to the right a distance of PC and the 
movable member will move to the left on the fine - pitch 
thread a distance of P,. 

2. The movable member will thus have a net movement 
to  the right with relation to the fixed member that is equal 
to  P, - P,. 

3. Now if the movable member is to have a total net 
2d 

movement to the right of 2d,  then turns of the 
PC - P, 

screw will be required. 

Fig. 18. Diagram of Differential Screw Showing Formulas for Calculatinp Minimum 
Lengths of Coarse- and Fino-threaded Sections. 

4. For that number of turns of the screw, the coarse- 
pitch portion will travel through the fixed member a dis- 

2d 
tance equal to x P,;  hence, the minimum length 

PC - P m  

2d 
of the coarse-pitch section must be F + X Pt as  

PI - P m  

is indicated in Fig. 18. 

5. Similarly, the movable member will travel on the fine- 

2d 
pitch section a distance equal to x Pm, and the 

P!  - P m  
2d 

minimum length of that section will be M + X pm. 
Pf - P m  

6. If both threaded sections are of minimum length, the 
maximum distance between the fixed and movable members 

2d 
will be equal to x P,, and the minimum distance 

P I  - P m  

2d 
will be equal to X pm. 

PC - p m  

Example-If the fixed and movable members a re  each 
1 inch wide and a total range of adjustment of 1/8 inch in 
either direction is required, what will be the minimum 
length of the coarser thread, if i t  has 20 threads per inch, 
and of the finer thread, if i t  has 32 threads per inch? What 
will be the pitch of an  equivalent thread that  will provide 
the same fineness of adjustment? What will be the mini- 
mum and maximum distances between the fixed and mov- 
able members? 
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Minimum length of coarse thread 

2 X 0.0625 
1 + X 0.05 

0.05 - 0.03125 
0.125 X 0.05 

=1+ = 1.333 inches 
0.01875 

Minimum length of finer thread = 

2 X 0.0625 
1 + x 0.03125 

0.05 - 0.03125 
0.125 X 0.03125 

=1+ = 1.208 inches 
0.01876 

Pitch of equivalent thread = 
0.05 - 0.03125 = 0,01875 inch 

Minimum distance between members = 0.208 inch 
Maximum distance between members = 0.333 inch 

Differential Screw Micrometer Mechanism.-A differen- 
tial screw mechanism developed by the National Physical 
Laboratory of England to obtain the magnification of mi- 

L I 
Clo. 19. Clorr.wtlonal Vltw of DlffmnHol kmw Mchonlsm 

af  Micrometer. 

crometer readings is shown in Fig. 19. In  this design, two 
differential screws of relatively coarse pitch are  employed 
to increase the accuracy of the micrometer reading. The 
larger screw A has 20 threads per inch, and the smaller one 
25 threads per inch. Both threads are right-hand. 

Screw A is engaged by a fixed nut a t  the right-hand end 
of barrel B, while the finer thread screw passes through a 
nut secured in sliding plunger C, the exposed end E of which 
forms one of the measuring anvils. A spring maintains con- 
tact between the micrometer screw and the two internal 
threads. The net movement of the plunger is 1/20 - 1/25 
= 0.01 inch fo r  a complete rotation of the screw. The edge 
of thimble D, attached to the screw, is graduated in  100 
divisions, each representing 0.0001 inch, the distance sepa- 
rating adjacent lines being about 0.04 inch. 

The magnification with this arrangement is 400, com- 
pared with about 60 for an ordinary micrometer having 40 
threads per inch and a thimble of about 1/2 inch diameter. 
A travel of 1 inch of the main screw moves the plunger only 
0.2 inch. The total range of the instrument is, therefore, 
considerably reduced. 

Pump with Flexible Rubber-Tube Action.-A pump de- 
signed to  isolate the liquid or gas being pumped from the 
pump mechanism itself is a development of the Downing- 
town Mfg. Co., Downingtown, Pa. The operation of this 
pump, which is known as  the Downingtown-Huber Squeegee 
type pump, i s  based upon the alternate squeezing and re- 
leasing of a rubber tube by a rocking compressor ring 

As shown in the diagrams, Fig. 20, the pump consists of 
six main parts. To the drive-shaft in the center is keyed an 
offcenter rotor. This, in turn, can be keyed in any one of 
three positions to an  adjustable eccentric. (In both dia- 
grams the rotor is shown keyed in the central position.) 
The shaft, off-center rotor, and adjustable eccentric rotate 
as a unit in the compressor ring, and impart a rocking acc 
tion to it. 
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Flp. 20. Dlogmma Showlnp TWO Stagn of 0-on of sq...m 
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This rocking action pushes the compressor ring out radi- 
ally against the tube and continues progressively along the 
curved portion of the tube until i t  approaches the discharge 
end, when the tube is released and compression begins again 
at the intake end. Two stages of this action are shown in 
Fig. 20. Compression of the tube in this manner advances 
the liquid or gas being pumped toward the discharge side, 
while expansion of the tube back to i t s  normal diameter 
produces a vacuum drawing more liquid or gas in from the 
intake side. A tube guide plate attached to the discharge 
side of the compressor ring prevents expansion of the tube 
beyond its normal diameter at  this point where the tube is 
not surrounded by the pump housing or the compressor ring. 

Thus, the liquid or gas being pumped is totally enclosed 
within the tube while passing through the pump. The tube 
itself can be made of pure gum rubber and various acid and 
oil resisting synthetic materials; in addition, i t  can be lined 
with synthetic materials for corrosion resistance or to pre- 
vent contamination. Solutions containing solids, whether 
abrasive or otherwise, cause little wear, as the inside of the 
tube is a smooth, continuous surface. The compressor ring 
merely rocks against the tube without any rubbing action, 
and hence causes practically no wear. A new tube is readily 
installed by simply fitting it inside the housing which forms 
its support and backing. 

This pump is available in a fractional gallons per minute 
size which has a capacity range of from 0 to 6 gallons per 
hour, and develops a lift of 26 feet and a discharge pressure 
of 25 pounds per square inch. It weighs 3 pounds in a 
bronze housing, or  1 pound in a plastic housing. In  the 
larger sizes, the capacities range from one-half gallon per 
minute up to 60 gallons per minute in the single-stage type, 
and up to 100 gallons per minute in the double-stage type. 

Mechanism for Straightening Fine Wire.-Fig. 21 shows 
a comparatively simple machine designed for straightening 
coiled nickel - silver wire 1/64 inch in diameter. Straight 
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pieces of this wire were required in lengths of 3, 6, and 12 
inches. As i t  is difficult to straighten such short lengths, 
pieces 2 feet or more in length are straightened on the ma- 
chine and then cut off to  the required lengths. Wire in 
lengths as short as 2 feet, however, is generally drawn 
through the straightening machine twice. The end of the 
wire which leaves the machine last a t  the first pass is fed 
in first at  the second pass. In some cases, more than two 
passes of the wire through the machine are necessary. 

Fig. 21. Machine Drignad for Shaightadng Flna Wim, 

The machine is not complicated to make or to use. Similar 
designs are employed in the hosiery machine building trade 
for straightening the wires on which jacks are pivoted. 
Frame A of the machine is free to revolve in bearings B. It 
is shown driven by belt through the fast and loose pulleys 
E, although any other convenient form of drive can be pro- 
vided. A suitable speed is about 100 R.P.M. A hole H, 
slightly larger in diameter than the wire to be straightened, 
is drilled through the center of the frame. Extreme accu- 
racy in the diameter of this hole is not required, 1/8 inch 
being suitable for wires up to 3/32 inch in diameter. 

Supported in slots in the frame A are  the blocks C. Theae 
blocks are adjustable lengthwise in the slots by means of 
the screws S, while the dowels D prevent the blocks from 
turning. A hole of the same size as  that  drilled through the 
center of the frame is drilled in each of the blocks. These 
holes are so positioned that they can, by adjustment of the 
blocks, be aligned with the center hole in  the frame, o r  they 
can be offset by an amount depending on the diameter of 
wire to be straightened. 

In  operation, the wire is fed into the center hole on one 
side of the machine until about 1/2 inch projects at the 
other side. This projecting piece is then gripped in a hand 
vise. The blocks are adjusted to positions that will cause 
the wire to be bent as i t  is pulled through the machine. The 
amount of this bending can best be found by trial, but i t  
should be just sufficient to remove any kinks f r o p  the wire. 
The power is now applied, causing the frame to revolve, and 
the wire is pulled through the machine. 

To prevent the wire from being scored, the ends of the 
holes in both the bending blocks and the frame should be 
provided with fairly large radii. 

Mechanism for Taking Up Slack in Sprocket Chain.- 
A mechanism employing a weight-and-lever arrangement 
for taking up slack in a sprocket chain and for keeping the 
chain tight while it is in operation is shown in Fig. 22. On 
the non-movable base A is mounted a bracket B carrying 
a short shaft C, which supports a hinged lever P. Slidably 
mounted on the base is a unit D which carries the adjustable 
plate E. This plate supports the idler sprocket F, which is 
free to revolve on stud G. The function of the idler sprocket 
is to continuously exert sufficient pull on the sprocket chain 
H to keep it tight. 

The caatciron weight K, which exerts a pull in the direc- 
tion indicated by arrow L, applies a pulling action to the 
connecting links M and N in the directions indicated by the 
arrows. This action transmits a compound movement to the 
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hinged lever P, pulling back on rod Q and exerting sufficient 
pull on slide D to keep the chain H tight. It will be noted 
that the tendency of the weight to shorten the distance R 
a s  lever P pivots about the short shaft C causes the upper 
end of lever P to be forced to the left against the adjusting 
nut S on the thread a t  the outer end of rod Q. 

Plate E is adjustable on slide D and permits periodical 
adjustment to take up any major slack which may develop 
in the chain. Four screws of the type shown a t  T hold the 
plate in position, while the slide D is provided with an  elon- 
gated slot V which permits adjustment of plate E. Adjust- 
ing nut S on rod Q permits setting the mechanism so that 
weight K will be in its most effective position for holding 
the chain under the tension required to take up the slack in 
the sprocket chain. 

Mechanism for Operating Automatic Hoisting and 
Stacking Tongs.-The problem of providing more floor 
space to meet the requirements of companies engaged in 
armament work was solved in some cases by placing manu- 
factured parts and partial assemblies into labeled barrels, 
boxes, or drums, and then piling up these packed containers 
to a height of several tiers. While this was found a satis- 
factory method of obtaining extra floor space, i t  required 
the use of a crane and good material-handling equipment. 
The quick-action automatic tongs, shown in Fig. 23, with 
operating mechanism designed as illustrated, were con- 
structed especially for use in  perfording this work. 

Referring to Fig. 23, center bar A and latches B are flame- 
cut from rough structural steel 3/4 inch thick. The center 
bar is purposely made heavy, so tha4 it will descend by grav- 
ity when released. The four bars H a r e  welded to the sides 
of the pivot bars, and the two lower cross-bars C are welded 
across the lower ends of bars H, as  shown in the upper right- 
hand corner. The toothed gripping jaws D, four in number, 
are designed to obtain an equalizing gr ip on the container 
to be lifted. This feature permits the jaws to  clamp and lift 
either round barrels, or  containers o r  boxes having flat 
sides. 

When the tongs are open, latches B a re  hooked over the 
two arc-shaped sections F that form part of center bar  A. 
The tongs a re  then placed around the object to be lifted. A 
slight pull of the hand-chain G opens the  latches and frees 
bars H and jaws D, so that they instantly approach each 
other and firmly grip any object to be handled, such as 
barrel K. The load is then hoisted by the crane hook and 
placed in  the desired location. 

When the crane hook is lowered, the center bar  descends 
by gravity, a s  provided for by the vertical clearance slot S 
cut through its center. When i t  has descended f a r  enough, 
latch hooks B are caused to  snap together over the arc- 
shaped sections F through the pulling action of spring T 
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CRANE HOOK 

Fly. 21. Holrtlng ond Stacldng Tonpr wlth MIshonlrm Fw 
Grlpping Barrel or Box when Control Chaln @ Is Pul l4  and 

which Relmarer Load when Crane Hook b Lowmd. 

attached to their ends. When the crane hook is again raised, 
the latches cause the jaws to open so that the tongs are 
ready to be lowered for lifting the next container. 

In removing packages from the tops of the stacked tiers, 
the operation of the device is simply reversed. The two 
lighbtension springs E serve to prevent the jaws from col- 
lapsing or  coming entirely together. 

In building this equipment, no precision fits are necessary. 
The center block has a clearance of about 1/8 inch between 
the pivot bars. A separator bushing through the long verti- 
cal slot and around the pivot bolt has a similar clearance. 
These tongs grip securely anything that can be placed be- 
tween them. Although the distance between the open jaws 
D is indicated as 30 inches in the illustration, this opening 
can be adjusted by providing several holes for the latch ful- 
crum bolts a t  different positions. 

Friction Clutch for Grinding Machines Operated at 
High Speeds.-In Fig. 24 is shown a friction clutch that 
can be nicely balanced to permit operation a t  high speeds 
without perceptible vibration. The various parts of the 
clutch, shown in Fig. 25, are balanced separately and as a 
unit. The body A, Fig. 24, is made of semi-steel and finished 
all over. I t  has a bushing K and runs free when not engaged 
with the expanding ring B. The expanding ring is also 
made of semi-steel and is so shaped that it will balance 
itself. The raised portion a t  J shows the method of distrib- 
uting the metal to obtain the required balance. At C is a 
hardened steel cone that slides along the shaft to operate 
the finger D. I t  is rounded a t  the front end M which acts as 
a cam when in contact with the point of the set-screw I. The 
sebscrew I is screwed into a tapped hole in finger D and is 
locked in position by a check-nut. The round point of this 
screw is hardened to prevent wear. 
The clutch finger D is a steel casting, shaped to assist in 

balancing the unit. It is pivoted about the screw F, which 
is threaded into and fastened to the expanding ring B. The 
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lever arm H is a part of finger D and serves to expand ring 
B. Ring B is keyed to the shaft and is held in position by a 
pin L. 

Rg. 25. D.toll of  Parts Comprlslng Clutah Shown In Fig. 24. 

To engage the clutch, the operator simply slides the cone 
C toward the expanding finger D, bringing the cam face M 
into contact with the set-screw I and moving i t  outward, 
thus causing finger D to pivot about screw F. The lever 
arm H fitted in the slot in ring B causes the ring to expand 
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and grip the inner friction surface of the clutch body A. 
The expansion of ring B causea the entire unit to turn aa 
one member. Cone C is counterbored to fit over the hub of 
member B, so as to enable the clutch cone to operate ss near 
the center of the clutch ring as possible. All rotating parts 
of the clutch are lubricated with oil. 

Mechanism for Controlling Cutter-Head Slide of Cam- 
Generating Device.-An automatic cam-generating device 
with a templet and follower-pin mechanism for controlling 
the cutter-head slide ia shown in Fig. 26. One of the chief 
advantages of the mechanism here illustrated is the com- 
parative ease with which the flat-plate m a ~ t e r  profile or 
contour templet A can be developed, laid out, and machined. 
Much work is saved as compared with developing the lay- 
out on a master cylindrical cam blank and machining the 
cam groove directly on the cylindrical blank. 

Use of the flat-plate templet in especially advanhgeoua 
in the case of slow-moving, uniform-motion cams in which 
the developed profile diagram of the various riae-and-fall 
surfacen consists of ~ i m p l e  inclined straight linea. Develop 
ment templeta made from steel plate or  flat ground stock 
are  employed, aa shown a t  A in the illustration, for  the 
mechanism that controls the nlide on which the cutter B ia 
mounted for generating cam groove C in cylindrical blank D. 

The cam blank D in which v v e  C is to be cut ie mounted 
on an  arbor between centers with a d r i v i n ~  pin E arranged 
to rotate the work when the apindle F is rotated by turning 
worm-ahaft G either with a handcrank o r  a motor equipped 
with a reduction-gear drive. The worm on ahaft G, menh- 
ing with the worm-wheel on ahaft F, rotatea pinion H, aa 
well 88 the work. Pinion H, mesh in^ with rack J on slide 
K, cauaes slide K to be traversed a t  right angles to the axia 
of ahaft F aimultaneoualy with the rotation of cam blnnk D. 

Arr olide K moven transvercrelp, the cam profile of templet 
A transmits londtudinal movement to alide Q through fol- 
lower-pin L. The compound cutteralidea M and N, mounted 
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on slide Q, thus traverse the cutter B longitudinally to the 
left or right along the axis of the cam blank D in accord- 
ance with the profile or contour of the cam templet A. This 
simultaneous rotation of the cylindrical cam blank D and 
traversing movement of the rotating end-milling cutter B 
results in milling the cam groove C with the required r i s e  
and-fall contours predetermined by the contour or profile 
of cam templet A. During the cam milling operation the 
follower-pin L is kept in contact with templet A by means 
of a cable and weight (not shown), which is attached to 
the end of the slide M. 

Referring to the structural details of the device, base 0 
is provided with machined ways throughout its entire length 
and carries the two longitudinal slides P and Q. Slide P is 
cast integral with the bracket bearing which supports 
work-spindle F, and i t  also carries the cross-slide K with 
rack J and templet A. 

Slide Q, supporting follower-pin L, carries the compound 
slide M. Slide N is mounted on slide M and carries the 
spindle of cutter B. Headstock R and tailstock S are mounted 
on bridges T and U, respectively. Gear H, which is wt 
integral with a long sleeve bearing and is keyed to the 
work-spindle F, drives rack J secured to crossglide K, thus 
imparting the traverse movement to templet A. 

Compound slide M is provided with a long feed-screw V, 
which enables the cutter B to be set in any desired position 
along the surface of the work. Cross-slide N, carrying the 
spindle head, is provided with cross-feed screw W which 
enables cutter B to be adjusted radially to any desired dia- 
tance from the center of the work. Screw W is also used 
for feeding the cutter into the work. The setting of slide P 
to accommodate templets of various sizes is accomplished 
by means of screw X. 

Mechanism for Adiusting Throw or Radid Position of 
Block on Rotating Arm.- The mechanism hew described 
was designed to permit a very fine, continuous adjustment 

of block A, Fig. 27, left-hand diagram, along radial arm B 
while the arm is rotating about axis X-X. The arrangement 
of the mechanism, as adopted, is shown diagrammatically 
in the center diagram of Fig. 27, while an alternative ar- 
rangement (considered, but not adopted) is shown in the 
right-hand diagram of Fig. 27. 

Screw C is used to  move the block, and is, in turn, driven 
by shaft D through bevel gears. Shaft D carries one wheel 
of differential E, the other wheel of which is driven by a 

Flg. 27. (Left) Section of Muhonlrm that i s  R e q u i d  ta Hove tho Tkmw of Black A Adjusted while 
Arm B la Eototlnv. (Center) kctlonal View of Mechanism Deslgned for Adlusting Throw of Black A. 

(Rlght) kctlonal View of Alternative Throw-adlusting Arrangement. 

train of gears from wheel G, which is fixed to arm B. The 
intermediate shaft rotates about a fixed axis P-P. 

The ratio of the gear train beginning with driver G and 
ending with driven gear F is unity, and because of the re- 
verse idler, shown a t  the right-hand end of the gear train, 
gears F and G rotate in opposite directions. Thus, when the 
housing of the differential is stationary, shaft D rotates in 
the same direction and a t  the same speed as arm B, and the 
position of block A on the arm is fixed. If, however, the dif- 



622 MISCELLANEOUS MECHANISMS INDEX 
ferential housing is rotated, then its motion is added to, or 
subtracted from, that of shaft D, which, consequently, ro- 
tates relative to arm B and thus moves block A inward or  
outward. The block is, therefore, controlled by the worm 
and wheel drive to the differential housing. The drive to 
the mechanism and to arm B is through gear G. 

I n  the alternative arrangement, shown in the right-hand 
diagram of Fig. 27, the ratio of the epicyclic train F to  G 
must be 1 to  2, in order that the differential housing may be 
rotated in the same direction as, but a t  half the speed of, 
arm B. This requires the number of teeth in G, multiplied 
by the number of teeth in K, divided by the product of the 
number of teeth in L, and the number of teeth in F to  be 
equivalent to the ratio 1 to 2, and also necessitates the use 
of intermediate gear H. 

When shaft M is stationary, the rotation of the differen- 
tial housing E causes shaft D to rotate in the same direction 
and at double the speed, so that i t  rotates in synchronism 
with arm B, and block A thus remains in a fixed position. 
When shaft M is rotated, the motion is transmitted to screw 
C and the block is moved. This arrangement, however, was 
not adopted because the drive to the arm was more difficult 
to arrange. 
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A considerable period of time has elapsed since the publica- 
tion of the third volume of Ingenious Mechanisms. During this 
period we have received many inquiries about the possible publi- 
cation of a fourth volume in the series, indicating a continuing 
interest in this area. 

This fourth volume follows the same pattern as  i h  predeces- 
sors. The mechanisms described have been developed for appli- 
cation in a wide variety of fields. Rather than classify them by 
application, however, they have been grouped by type of me- 
chanical movement. Thus, the reader is quickly guided to those 
mechanisms which may provide a possible solution to his prob- 
lem. 

Furthermore, the grouping is closely similar to, if not exactly 
the same as, that  in the previous volumes so that the entire set 
may be used as an  integrated reference library on the subject of 
mechanisms. 
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CHAPTER 1 

Corn Applications and Special Cam Designs 

In the design of mechanisms to obtain irregular movements of 
various kinds, cams are frequently employed. Those which are 
described or illustrated in connection with the mechanisms cov- 
ered by this chapter are notable for some ingenious arrangement 
or design. Other applications of cams and cam-operated mecha- 
nisms will be found in Chapter 1, Volume I; Chapter 1, Volume 
11; and Chapter I,  Volume 111 of "Ingenious Mechanisms for De- 
signers and Inventors." 

Cam Produces Motion on 
Alternate Revolutions 

A conventional plate-cam was used on a machine producing a 
wire product to  operate a forming press. The press had to  be 
actuated once during each revolution of the  driving shaft. A sub- 
sequent product change necessitated an alteration in the operat- 
ing cycle of the cam - i t  was now required to operate the press 
twice during one revolution, then to remain a t  rest during the 
next revolution. Figures 1 and 2 show the design and operation 
of a cam which produced the desired movements with no altera- 
tions being required on the machine. 

Cam body A, Fig. 1, is in the shape of a disc having an  integral 
hub on its front face. The cam is keyed to shaft B and rotates in 
the direction indicated by the arrow. Two studs C pass through 
the disc and are free to  rotate. Welded to them are curved bars D 
which act as cam lobes. Compression springs E apply sufficient 
frictional resistance t o  the studs to prevent movement by cen- 
trifugal force. Lever F, which operates the forming press, carries 

1 
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FIG. 1. Cam body A carries two moving cam-bars D. This deeign imparta 
two movements to lever F during one revolution, followed by one revolu- 

tion at rest. 

follower-roller G and is held against the cam by a spring (not 
shown). 

Operation of the cam is illustrated in Fig. 2. At W, cam-bar D 
is in the same position as in Fig. 1, but the entire cam has ro- 
tated 90 degrees. Stud C and roller G are now on the same 
center line, bar D having caused the roller to rise and operate the 
press through lever F. The cam continues to rotate, as a t  X, and 
spring tension on lever F overcomes the frictional resistance of 
stud C, forcing bar D into the position shown. When the other 
lobe of the cam comes into position this action is repeated, so that 
two movements of the lever are produced, 180 degrees apart, in 
one revolution of shaft B. 

No movement of lever F is produced during the next revolu- 
tion of the shaft. This is because the leading ends of the cam-bars 
have been lifted from the hub of disc A and now pass over roller 
G, as shown a t  Y. As the cam rotates further, and the roller 
passes the center line of stud C, cam-bar D is forced to pivot as 
a t  Z - thus being returned to its original position (Fig. 1). In 
this manner, each two-revolution cycle of the cam produces two 

FIG. 2. 
view W 
On the 

During the active revolution, follower G rism along the cam-bar D, 
, then forces it to pivot for the downward movement, view X. 
next trip around, the upended cam-bar passes over the follower 

and is returned to its  original position, views Y and Z. 

movements of lever F, followed by a rest period of 540 degrees. 
There may appear to be an undesirable feature in the design 

of this cam in that  there would be a rapid drop of roller G on the 
falling side of bar D (view X, Fig. 2) .  This, however, does not 
occur, due to  the fact that the outer surface of the cam-bar is on 
a rising angle (view W) .  Thus, downward movement takes place 
almost immediately after the center of stud C passes the center 
of roller G. 

Outer surfaces of the cam-bars may be contoured to produce 



4 CAM APPLICATIONS AND SPECIAL CAM DESIGNS CAM APPLICATIONS AND SPECIAL CAM DESIGNS 5 

almost any conventional rise and fall pattern. Their inner sur- 
faces must be so dimensioned that there will be sufficient clear- 
ance for the passage of roller G, and that full closing of the lead- 
ing ends will be assured when the roller exits from beneath them. 

Four-Lobed Cam Transmits 
Variable Motion to Follower 

On a machine for fabricating a formed wire part, a revision in 
the product design required a change in a cam which operated a 
press. Previously, there had been a uniform oscillating motion 
of the follower with each revolution of the operating shaft. For 
the new design, it became necessary to transmit a motion of vary- 
ing magnitude and varying timing for each of four revolutions of 
the shaft, without any major changes in the machine. The draw- 
ing shows the cam that was made to meet the requirements. 

In Fig. 3, operating shaft A, rotating in the direction indicated, 
carries arm B, which is keyed to it. On the arm is pawl C, which 

FIG. 3. As long as pawl C remains in contact with angle-plate C, cam 
D rotatect. When the pawl leaves the angle-plate, the cam stops. 

can swing on its stud. Four-lobed cam D is free on the extended 
hub of the arm, and is retained by collar E. Projecting from the 
face of the cam are four pins F, equally spaced around the center 
of rotation. Angle-plate G is machined to a true arc of a circle on 
its upper edge, and is attached to a stationary part of the ma- 
chine. 

The shaft, arm, and pawl rotate as a unit. No motion is trans- 
mitted to the cam until the pawl contacts the upper edge of the 
angle plate, when the pawl is brought into position to engage one 
of the pins. The drawing shows the position of the components 
at about the midpoint of the cam movement. 

Having engaged one of the pins, the pawl carries the cam with 
it, until it no longer contacts the angle-plate. At this point, due 
to the angularity of the contact surface of the pawl, it disengages 
automatically, and the cam stops. (The position of the pawl a t  
the time of disengagement is shown in broken lines on the left side 
of the drawing.) Stop H limits the swing of the pawl so that it 
will be in position to engage the next pin upon rotating to  the 
right side of the angle-plate. Thus, the cam rotates 90 degrees 
for each revolution of the shaft, and the four lobes of the cam 
are brought consecutively into position to actuate cam follower 
J as required. 

Intermittent Rotary Motion from a 
Uniform Reciprocating Drive 

Two devices on a machine had to be rotated intermittently, 
with a rest period a t  each of eight stations in each cycle. Al- 
though the loading devices were widely separated, they could be 
placed in axial alignment and, be carried on the same shaft. The 
required movement, shown in Fig. 4, was obtained from a barrel- 
cam driven by a reciprocating part. 

Shaft A, on which the loading devices are mounted, is sup- 
ported in bearings and carries a barrel-cam B with an irregular 
groove. Roller C operates in this groove and is carried on a slide- 
bar D mounted on a stationary part of the machine by gibs E. 
Member D is given a uniform reciprocating motion by a cam 
(not shown). Since there are eight stations, eight axial follower 
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FIG. 4. Cam mechanism for converting uniform reciprocating motion to 
intermittent rotary motion. 

grooves are machined on opposite sides of the cam barrel. These 
are connected by other grooves milled in the periphery a t  an angle 
of about 45 degrees with the axis of the cam. The vertex of the 
angle formed by any two of the angular grooves is approximately 
in line with one side of the axial grooves, as indicated by 
line W. 

The assembly is shown with slide-bar D a t  the extreme left 
position. To demonstrate the action, three positions of the roller 
in the center groove are seen a t  X, Y, and 2. Roller C, in moving 
from the extreme right position, acts against the angular side of 
the groove, causing the cam B to rotate in the direction indicated 
by the arrow. When roller C reaches position Y, rotation of the 
cam ceases, and it remains a t  rest during the continued movement 
of the roller to the extreme left position X. 

On the return movement, no rotation of cam B is produced 
until roller C again contacts the angular groove a t  position 2. 
Since the vertex of the angular groove surfaces are not aligned 
with the centers of the axial groove, the roller cannot return to 
the groove previously traversed, but must enter the next one. 
Continued movement of roller C causes cam B and shaft A to 
rotate to the next station, and the cycle is repeated. 

Cylindrical Cam Positions 
Wire Guide 

Figures 5 and 6 show two views of a mechanism designed 
to guide a strand of wire through an irregular path in a ma- 
chine which produces a woven wire product. The purpose of 
this mechanism is to create a continuously varying pattern in 
the weave. Position of the wire strand W in the weave pattern 
must bear a given relationship to other parts of the weave over 
a required length of the fabric, and then repeat. Figure 5 is a 
plain view of the mechanism, and Fig. 6 is a front view. 

The driving shaft A carries the worm B, which meshes with 
the worm-gear C on shaft D. Shaft D carries the cylindrical cam 
E, which imparts a transverse guiding movement to wire W. The 
two rounded grooves in cam E are identical, although the axes 
of the grooves are offset from the shaft axis and are 180 degrees 
apart. 

Shaft G receives motion from worm B through worn-gear F, 
and carries the disc H, which is connected to block J by the pit- 
man I. Block J is attached to the dovetailed slide K, which is 

ha. 6.  Plan view of wire-guide mechanism for a metal textile weaving 
machine designed to impart an intricate transverse motion pattern to wire 

strand W. 
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L J 

FIG. 6. Sixty turns of shaft A are required to completely cycle follower M 
through a single out-and-back traverse of rotating cam E. 

given a reciprocating motion by the rotation of crank disc H. 
Slide K carries the dovetailed slide L, which in turn mounts the 
roller follower M. The follower roll is held in contact with cam E 
by the spring N attached to a pin in slide L and a pin in bracket 
0 attached to slide K. 

In operation, the rotation of worm B transmits rotary motion 
to cam E through worm-gear C and shaft D, and reciprocating 
motion to slide K through worm-gear F and disc H. As slide K 
moves, roller M traverses axially along cam E, following the 
grooves which are constantly varying in width and depth as a 
result of the rotation of cam E. The position of slide L in slide K 
is continually changing except when roller M is in contact with 
the cylindrical periphery of cam E. As the strand of wire W feeds 
through a hole in the leg of slide L, its position is guided by the 
movement of slide L. 

In the diagrams, which show the position of the mechanism 
a t  the beginning of the cycle, wire W is guided in a straight path 
until roller M begins to follow the right-hand groove in cam E. 
Thus the wire is moved from start position. I t  returns to its start- 
ing position when roller M returns to the periphery of cam E. 
After a short period of rest, slide L again moves as roller M enters 

the second groove. This is followed by a period of rest as roller M 
again reaches the periphery of cam E. Worm-gears C and F are of 
different pitch diameters. G has thirty teeth and F has twenty 
teeth. Therefore, the rotation of cam E and the movement of 
slide K are not synchronized. Thus the path followed by roller M 
varies as the varying contours of the cam are presented to it. This 
action results in varying rest periods a t  the ends of the movement 
of slide K, as well as a varying timing pattern and positioning 
of slide L a t  different points of the cycle, setting up an intricate 
pattern in the positioning of wire W. 

While the diagrams indicate the starting point of the cycle, 
the completion of the cycle is accomplished only when all of the 
moving members of the mechanism are returned to this start posi- 
tion. As stated, worm-gears C and F have thirty and twenty 
teeth, respectively, having a ratio of 3 to 2. Therefore, for a 
complete cycle, gear F must complete three revolutions, and gear 
C must complete two revolutions. The complete cycle, therefore, 
requires sixty revolutions of drive-shaft A. 

Combination Cam Controls 
Stock Feed of Wire-Forming Machine 

A combination end and radial cam is the heart of a stock feed 
for a multiple-slide wire-forming machine. Figure 7 shows the 
arrangement of the parts. 

The combination cam A is carried by the machine's shaft sys- 
tem. I t  is basically a two-diameter plug, the shoulder having 
been modified to form an axial cam, and the small diameter to 
form a radial cam. Follower B in lever C rides on both cam sur- 
faces. 

This lever fulcrums at its center on stud D. By being joined 
to the stud by cross-pin E, the lever can swing both left to right 
(to follow the end cam surface) and in and out (to follow the 
radial cam surface). 

Directly behind the lower end of the lever is a dovetail slide F 
containing quill G. The quill has two parts. One part fits the 
dovetail, and the other has a pin carrying bushing J which fits a 
slot in the lower end of the lever. There is a semicircular section 
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FIG. 7. Cam A controls the feed of the wire by having its motion trans- 
lated to quill G through lever C. 

K in the mating surfaces of the two pa* of the quill, through 
which the stock advances. (The section can be modified to accept 
whatever stock size or shape is used.) The outer part of the 
quill is held in position by loose-fitting pin L. 

The drawing shows the lever position at a point in the feed 
stroke. At the start of the stroke, spring M pulls the bottom of 
the lever to the left. As the cam starts to rotate, the lobe on its 
small diameter bears against the follower, causing the bottom of 
the lever to swing in and thus force the quill to close tightly over 
the wire. At the same time, the end cam forces the bottom of 
the lever to the right, thus advancing the wire. 
When the lever reaches the end of the forward stroke, the 

follower no longer has any thrust on it from either cam surface. 
Spring N, contained in a hole extending into both parta of the 
quill, then allows the quill to release its grip on the wire. Next, 
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spring M operates, pulling the lever to the left, and the feed 
cycle is completed. 

Stop-block assembly 0 provides stroke-length adjustment by 
controlling the point to which the lever can return. A simple 
way to prevent the wire from tending to move back on the return 
stroke is to add a pair of non-reversing rolls P. Or, a spring 
check Q can be used. 

Mechanism Loops and 
Twists Wire Ends 

Completion of a certain job necessitated the production of 
wire components having a twisted loop a t  each end. The soft 
steel wire parts were required in lengths of 16 inches and 
longer. A typical twisted loop is shown a t  X in Fig. 8. 

Hollow shaft A has a running fit on drive shaft B, and is 
coupled to it by means of a clutch, a portion of which may be 

Fro. 8. Device loop  and clampa wire component, then transfern it on a 
rotary disc to a point where the loop ia twiated into the form ehown at X. 
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seen a t  C. This clutch allows shaft A, shown a t  Y, to rotate 
one-half revolution for each complete revolution made by shaft 
B. During the remaining one-half revolution of the drive shaft, 
shaft A dwells. Keyed to the left-hand end of the hollow shaft 
is mounting disc D. 

Disc cam E, having two notches, F, and F2, is keyed directly 
to the drive shaft. The purpose of the cam is to actuate follower 
rollers G1 and G2 which, in turn, pivot levers H1 and Hz. This 
action either causes the jaws of clamps J1 and J2 to close or 
permits them to open under the influence of springs K1 and K2. 
The two clamps, together with their actuating levers, are 
mounted on disc D. There is a second complete unit (not 
shown), identical to the one illustrated, a t  the left-hand end of 
shaft B to twist a loop in the opposite end of the wire part. 

In operation, the wire L to be formed is fed through guide 
nozzle M, as shown at Z, between two cutting blades N and 
then between two pins 0 and P of looping head Q. When the 
correct developed length of wire has been fed out, clamp J1 
moves up from below to nest it. At this point clutch C releases, 
with the result that the clamp remains stationary while cam E 
continues to rotate. 

As this occurs, follower G1 leaves notch F1 and rides up on 
the high portion of the cam, forcing the clamp jaws to close on 
wire L. Cutting blades N now shear the wire, and looping head 
Q rotates, thus forming a loop in the wire end around pin 0 by 
the action of pin P. The wire end comes to rest in the V-shaped 
entrance to the clamping jaws and is held in this position by 
the pin P. 

As cam notch F2 arrives under follower GI, the clamp jaws 
are permitted to open a sufficient amount to allow the wire end 
to drop in place. The passing of the notch once again closes 
the jaws, locking the looped wire securely in place while the 
looping head is retracted. 

By this time, cam notch F1 has arrived under follower G2, 
allowing the jaws of clamp J ,  to open wide. At this instant 
clutch C engages, causing disc D and cam E to once again rotate 
in unison for one-half revolution. During this movement, 
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FIG. 9. Cardboard web layout ahowing die-cut carton blanka and the 
attached scrap material. 

clamp J2 moves up into contact with a newly fed length of 
wire, which begins the next cycle. 

While in this position, with clamp J, dwelling a t  a location 
180 degrees away from its starting point, a twisting head 
engages the clamped wire loop. This head, not shown, completes 
the twist as shown in the illustrated example of the workpiece. 
Following the twisting operation, cam notch F, moves beneath 
follower GI, allowing the clamp jaws to  open and to drop the 
finished wire components clear of the machine. The cycle of 
operation then continues. 

Rotary Scrap-Stripping Device 

One step in the manufacture of cardboard cartons is the die 
cutting of the developed form. Each printed carton blank is 
joined to the adjacent carton and to the scrap material sur- 
rounding the end flaps by means of small tabs. A typical lay- 
out, Fig. 9, shows the arrangement of the die-cut shapes on the 
web, or continuous cardboard strip; the scrap material, depicted 
by shading; and the tabs, indicated by two parallel lines. 

Upon completion of the die-cutting operation, the scrap 
pieces must be removed from the web. This procedure, known 
as stripping, is frequently carried out by hand. However, the 
rotary scrap stripper shown in Fig. 10 has been designed to 
replace this manual operation. 
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FIG. 10. A rotating unit stripe scrap material from a die-cut web on a 

produdion line handling cardboard cartons. 

The main member of the device is a cylindrical housing A. 
This housing is driven at the same surface speed and is the same 
diameter as the printing cylinders that are located ahead of the 
cutting dies. Cam B is stationary, being mounted on a fixed 
portion of the machine by means of bracket C. An arcuate slot 
in the bracket permits adjustment of the cam position. 

Scrap pieces are picked out by a hook attached to follower 
arm D. This arm pivots on shaft E which fits into a bearing 
hole bored through an integral housing lug. On the other end 
of the arm is a cam-follower F. Because arm D and its associ- 
ated parts rotate with the cylindrical housing, tension springs G 
are necessary to overcome the centrifugal force developed during 
normal operation and maintain the cam-followers in contact with 
the cam surface. A clearance opening H is provided for each 
hook. 

I t  is apparent from the lay-out of the carton blanks on the 
web that there is a periodic repetition of the scrap pieces and, 

therefore, that they will always contact the same area on hous- 
ing A. Because of this, one or more hooks are located within 
each contact area. 

During normal operation, follower G rides up on the cam 
lobe as the letding edge of the scrap piece contacts the housing. 
Follower arm D is raised just enough to allow the hook to punc- 
ture the scrap piece and remain there while the follower is in 
contact with the cam lobe. As the web leaves housing A in a 
tangential path, the scrap material is retained by the curved 
hooks. This division in paths of travel causes the tabs to break, 
thus effecting a separation between the carton blanks and the 
unwanted trimmings. After the cam-followers leave the cam 
lobe, the hooks are withdrawn, and the scrap is free to fall into 
disposal cans. 

Single Closed-Track Cam 
Drives Glue-Transfer Mechanism 

One station of a large machine for packaging material in 
paper sacks is devoted to the application of glue before the final 
fold is made to seal the container. An interesting mechanical 
arrangement is employed to accomplish the various motions 
required. 

At this station of the machine, the package carrier A is 
brought to a momentary halt (see Fig. 11). During this interval, 
an applicator B (carried by slide C) must pick up glue from 
cylinder D, turn through an arc of 180 degrees (by means of a 
stationary cam, not shown), and move to the package fold to 
deposit a strip of the adhesive. 

All movements necessary to advance and retract the appli- 
cator slide, rotate the glue cylinder between packages, and 
synchronize these functions are furnished basically by just one 
closed-track cam E. Follower-roller F is carried by follower- 
lever G, which is integral with short lever H, The roller rides 
in cam track J. 

Long lever K pivots freely about the same shaft used by G 
and H. However, it is coupled to them as shown in the auxiliary 
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FIG. 11. All movements necessary to the proper functioning of this glue- 
transfer mechanism are under the control of one closed-track cam. 

sketch so that there is over 90 degrees of play between them. 
The coupling is designed so that lever G will drive lever K to 
the left only. G and K are shown in their clcxmt position. 

As the cam rotates, follower-roller F is forced to the right. 
Because the coupling does not provide positive drive in this 
direction, a spring L, attached to levers G and K, c a u w  the 
latter to follow the movement of the former. 

In this way, both desired end motions are achieved. First, 
lever K, through connecting-rod M, advances and retracts slide 
C and, in turn, applicator B. Second, lever H, through connect- 
ing-rod N, raises and lowers the pivoting support arm 0 that 
permits ratchet and pawl P to function, thus rotating the glue 
cylinder in glue tray Q during each reciprocation of slide C. On 
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the return movement of lever G the coupling engages and lever 
K is forced back to its original position under direct drive. 

The cam is designed to yield a 180-degree rise and a 180- 
degree return motion. Although this high-speed mechanism is 
capable of transferring large forces, its capacity can be increased 
by cutting a close-tolerance cam groove and by replacing the 
line-contact follower-roller with a plane-contact sliding piece. 

Indexing Attachment that 
Controls Ratchet Operation 

On a machine for producing ornamental wire screening, it is 
necessary for the movement of the screening through the ma- 
chine to be interrupted at certain times, depending on the screen 
pattern. During the idle period of the feeding mechanism, work 
is performed on the screening. In its movements, the screening 
is fed by a ratchet mechanism. How this mechanism was de- 
signed is shown in Fig. 12. 

Drive-shaft A carries a worm C and disc B which rotate with 
the shaft in a clockwise direction. Disc B is provided with a 
slide-bar M which operates in a groove against light frictional 
resistance that is provided by two springs. The ends of bar M 
are shaped to serve as cam surfaces, and contact roller L which 
is carried on follower bar K. This latter bar is provided with a 
return spring, not shown. 

Worm C meshes with worm-gear D on shaft E. This shaft also 
carries disc F, which has twelve holes into which cylindrical but- 
tons are pressed, in various positions, as required by the specified 
screen pattern. These buttons periodically actuate the swinging 
lever G as disc F revolves. The worm-gear has twelve teeth, so 
that there is one rotation of shaft E to twelve turns of shaft A. 
A cylindrical plunger H mounted in block N carries a roller I 
at its upper end. A pin extends through vertical slots in plunger 
H and the wall of block N, and into a horizontal slot in lever G. 
This lever is mounted to swivel freely on a stud at its left-hand 
end. 

In Fig. 12  slide-bar M is in a position to permit roller L to pass 
freely between disc B and the contoured offset end of bar M. At 
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FIG. 12. Mechanism designed to periodically interrupt a feed movememt 
as required for an operation 

FIG. 13. Position of the various components of the mechanism when 
meening ia being fed. 
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this point, motion is not transmitted to follower bar K, as roller 
L remains in contact with the periphery of disc B. The contact 
lug on the underside of lever G lies between two of the buttons 
on disc F, and cylinder H is in its lower position. The cylinder 
remains in this position until one of the buttons on disc F con- 
tacts the lug on lever G. Bar M remains in this relative position 
with disc B as long as cylinder H remains in its lower position, 
the roller L passing through the opening between the contoured 
end of bar M and the periphery of disc B. 

In Fig. 13, shaft E has rotated sufficiently to cause one of the 
buttons on disc F to raise cylinder H, through lever G. At this 
point, roller H lies in the path of the oncoming cam surface on 
the end of bar M. Continued rotation of disc B causes bar M 
to be moved so that the offset angular end of bar M coincides 
with the periphery of disc B, causing the opposite end of bar 
M to protrude. 

As the angular end of bar M passes roller L it causes the 
follower bar to be moved, thus actuating the ratchet mechanism 
and feeding the screening to its next position. Continued rota- 
tion of disc F causes the button to lose contact with the lug on 
lever G, and cylinder H again falls to its low position. Further 
rotation of disc B will bring the protruding end of bar M into 
contact with roller L, but the spring tension on bar K is sufficient 
to overcome the frictional resistance of bar M so that it is re- 
turned to the position shown in Fig. 12. Bar M remains in this 
position until cylinder H rises to return it to the position shown 
in Fig. 13. 

Gear Mechanism for 
Varying Cam Timing 

On a machine that manufactures a woven-wire product, it was 
necessary to provide for varied spacing in the weave. This was 
accomplished by means of a cam-actuated mechanism which is 
shown in Fig. 14. The cycle of the mechanism is controlled by 
shaft A to which gear B is keyed. Gear C is fixed to the hub of 
cam D which rotates freely on the shaft and is retained by collar 

FIG. 14. A cam action which produces varied epacing in a woven product. 

E. Cam D operates the follower bar F which actuates the spac- 
ing mechanism. Pinion G is supported to rotate freely on 
bearing bracket H and mesh with gears B and C. Gear B is of 
standard pitch and has fifty teeth. Gear C has fifty-one teeth 
but the same outside and pitch diameters as gear B. The  addi- 
tional tooth, however, decreases the circular pitch since the 
width of the teeth must be narrower than standard. 

In operation, shaft A rotatea gear B, the motion being trans- 
mitted to gear C through pinion G. Since gear C rotates slower 
than gear B, due to the difference in the number of teeth, cam D, 
actuated by gear C, will turn less than one revolution in relation 
to gear B. In the situation described, the loss in radial move- 
ment would be approximately 7 degrees, and shaft A would 
require fifty-one turns to produce a complete timing cycle of cam 
E. The modification of gear C is restricted by its relation to 
pinion G. Since the teeth of gears B and C must remain in align- 
ment as they mesh with the pinion gear, the reduction in the 
thickness of the teeth of gear C muat be sufficient to prevent any 
binding action. 
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Cam Eliminates Shock 
in Rack Movement 

An arrangement that imparts a rapid intermittent and recip- 
rocating movement to a rack employed in an aluminum foil bag- 
making machine is shown in Fig. 15. The interesting feature of 
the mechanism is a cam which slows the motion of a drive-pin A 
each time it is about to contact a disc and move the load. This 
deceleration prevents undue impact loading and possible break- 
age of the pin. Since the load, rack B, and its drive were added 
subsequent to the construction of the machine, limited space 

FIG. 15. Arrangement that incorporates a cam to prevent excessive shock 
in an intermittent, reciprocating rack movement. 

and the position of existing members were major considerations 
governing design of the device. 

A face-cam C is keyed to a drive-shaft D which existed prior 
to the modification of the machine. Roller follower E is free to 
rotate on a stud secured to a slider guide F. One end of the 
slider guide is turned and threaded for assembly to a rack G. 
A lock-nut secures the assembly in the proper position. Rack 
G is restrained to a vertical linear motion by a pinion H, guide J, 
and a stationary slider K, the drive-shaft D having a running 
fit in the slider. The pinion H is in mesh with rack G, and is 
free to rotate on a shaft L. 

A disc integral with pinion H carries drive-pin A which is 
located in a 120-degree circular slot in an adjacent disc M. Disc 
M and a pinion N, which is in mesh with the guided horizontal 
rack B, are keyed to shaft L. Thus, if pinion H is rotated 
counterclockwise, pin A will traverse the circular slot and contact 
disc M. Further motion in the same direction will be transmitted 
through disc M, shaft L, and pinion N to drive rack B. Reversal 
of rotation of pinion H will again cause the drive-pin to traverse 
the circular slot before contacting disc M to  drive the load in the 
other direction. 

The rotational speed of pin A a t  impact with disc M is con- 
trolled by the path of the slot in cam C. If the rotation is not 
reduced to a minimum a t  the moment of contact, the resulting 
additional impact loading could cause breakage of the pin. 
Minimum impact is obtained by making the incremental radial 
rise of the cam-slot as small as possible in the areas of points P 
and Q which are traversed by the follower a t  the two momenta 
of contact. In addition, cam C is designed to impart the move- 
ment necessary for rack B to complete its function in the ma- 
chine. 

In operation, cam C is rotated counterclockwise. The rise 
imparted to the vertical rack during the first 90 degrees of 
rotation of the cam traverses pin A through the 120-degree 
slot in disc M, rack B remaining stationary. When the center 
of the follower coincides with point P on the cam, pin A is in 
contact with disc M. For the next 120 degrees of cam rotation 
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pin A moves to the horizontal rack to the left. Reversal in the 
rotation of the pin occurs when point R of the cam coincides 
with the center of the follower. Again, rack B is stationary as 
the pin traverses the slot in disc M clockwise during the follow- 
ing 60-degree movement of the cam. Pin A contacts the disc 
when the follower is at  point Q and returns rack B to its initial 
position in the final 90 degrees of cam rotation. At both points 
P and Q the rate of rise or fall of the follower is a t  a minimum 
to prevent impact damage to the pin. 

Wheel-Dressing Attachment for a 
Gear-Grinding Screw 

A patented attachment for dressing a continuous helical rib 
on the abrasive wheel of a gear-grinding machine is shown in 
the accompanying drawing. The attachment, see Fig. 16, is 
mounted on the compound slide of the machine. During dress- 
ing, i t  is traversed parallel with the axis of the wheel-spindle by 
a screw driven from the spindle through pick-off gears. 

Dressing is carried out simultaneously on both flanks of the 
helical rib by separate diamonds mounted in holders A and B. 
The holders are set to correspond with the pressure angle of the 
gear to be ground. At the end of the dressing stroke, the cross- 
slide and attachment are moved away from the spindle by 
hand, so that the diamonds clear the wheel. 

Then, the longitudinal slide is returned to the starting position 
by power traverse. Next, the cross-slide is brought to the dress- 
ing position, and the diamond holders are adjusted lengthwise 
by means of screws C and D for applying another cut. In this 
way, the rib on the grinding wheel is dressed to its full depth in 
several passes. 

The housing for the left-hand diamond holder A is fixed to 
base E, which is secured to the compound slide of the grinder. A 
slide F is provided for the right-hand diamond holder B. With 
this arrangement, the right-hand holder can be moved toward 
or away from the left-hand holder by means of a screw, for set- 
ting the distance between the diamonds in accordance with the 
required width of the helical rib to be dressed. 

FIG. 16. Attachment for diamond dresaing a continuous helical rib on 
the abrasive wheel of a gear-grinding machine. By changing cam N, the 

wheel may be dressed to various profiles. 

Since both diamond-holder assemblies are of similar design, 
only the right-hand unit will be described. This unit can be 
pivoted about pin G. The diamond holder B is set to the re- 
quired angle by means of gage-blocks, which are placed between 
the periphery of reference pin H and the machined surface J .  
The unit is then secured to slide F by nuts on the threaded 
upper ends of pins G and K. The enlarged-diameter lower end 
of pin K engages a T-slot in the slide. 

An eccentric ring L is keyed to a sleeve surrounding the pin 
K. Diamond holder B is held in close contact with this ring and 
a sleeve surrounding pin G by a tension spring M. When a wheel 
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for grinding gear teeth of modified involute form is to be dressed, 
a plate type cam N is attached to the diamond holder. This 
cam is engaged by a follower-arm P, which is also keyed to the 
sleeve surrounding pin K. 

When the diamond holder is adjusted lengthwise a t  the end 
of each dressing stroke, the action between the cam and fol- 
lower-arm causes the eccentric ring L to be rotated through a 
small angle. As a result, the diamond holder is set in different 
angular positions during the dressing operation so that a rib with 
curved flanks is formed on the wheel. By using cams of different 
shapes, the wheel may be dressed to grind gears having modified 
profiles over part or full tooth depth. 

CHAPTER 2 

lntermittent Motions from Gears and Cams 

The term "intermittent motion" is applied to mechanisms for 
obtaining a "dwell" or possibly a series of dwells or moving 
and stationary periods of equal or unequal lengths. Many dif- 
ferent designs of intermittent motions are in use because they 
are required on so many different types of automatic and semi- 
automatic machines. The intermittent motions illustrated and 
described in this and the following chapter supplement those 
presented in Volumes I, I1 and I11 of "Ingenious Mechanisms 
for Designers and Inventors." 

Intermittent Worm-Gear Train 
The worm-gear drive shown in Fig. 1 was designed to provide 

intermittent motion. It consists of a worm-wheel A having teeth 
in sectors X, Y, and 2; worms B and C, mounted on and keyed 
to shaft D; and a plunger E. Worm B is firmly attached to 
the shaft; Worm C is free to slide. The helices of these worms 
should be continuous. 

In order to hold worm C to the right, out of engagement with 
the worm-wheel, a spring F is located in a longitudinal hole in 
shaft D. A cross-pin G, extending through a slot in the shaft and 
engaging a seat in worm C, transmits the spring pressure to this 
worm. A similar seat is provided in worm B for this pin. The 
spring is suitably secured a t  its left end. 

The device operates as follows: as shaft D r o t a h  in the direc- 
tion shown by the arrow, there will be no rotation of the worm- 
wheel A in the position illustrated, as worm B is rotating in a 
plain sector of the worm-gear. In  order to produce rotation of 

27 
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FIG. I. Worm-gear train for producing intermittent motion. The worm- 
wheel A is rotated one-third of a revolution, followed by a stationary 

period, through the adion of the two worm-gears B and C. 

the worm gear - in this case one-third a complete revolution 
-plunger E (timed by other parts not shown) rises into en- 
gagement with the worm thread. Upon engagement, the rotat- 
ing worm C moves to the left, as its thread moves past the 
plunger until the worm engages the last tooth in sector X of the 
worm-wheel. The plunger must be withdrawn before worm C 
reaches worm B. 

When the end of worm C comes in contact with the end of 
worm B, the worm-wheel A is rotated in the direction of the 
arrow, both worms operating as a single unit. After worm- 
wheel A has rotated sufficiently to bring the last tooth of sector 
X out of engagement with worm C, spring F pushes the worm 
to the extreme right, where it cannot engage the teeth of sector 
Y. When the last tooth in sector Y is disengaged from worm B, 
worm-wheel A will stop, having made one-third of a revolution 
about its axis. 

Indexing Movement that 
Starts without Shock 

Most indexing mechanisms incorporate either cams, Geneva 
movements, or other components which present machining prob- 
lems. An indexing mechanism made up of easily machined com- 
ponents and accurate gears that can be obtained from gear 
specialists is shown in Fig. 2. 

The mec anism, illustrated in the top view of Fig. 2, is a 4 
planetary gear device incorporating two eccentrically located 
spur gears. The bore of each of these gears is machined off 
center by an amount equal to 20 per cent of its pitch radius. 
The desired dwell period is realized when the ratio of the num- 
ber of turns of arm C to the number of turns of sun gear H is 
3 to 1; that is, the arm must rotate three times faster than the 
sun gear, but in the opposite direction. 

I I 

FIG. 2. (Top) Planetary gear type indexing device that providea bed 
dwell periods in the movement of follower-shaft M. (Bottom) Alternate 

gear arrangement permita the elimination of internal gear G. 
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Drive-shaft A, which carries a 20-tooth pinion B, is keyed to 
arm C. Frame member D supports two pinions E and F, each 
having 20 teeth, which mesh with pinion B and also with internal 
gear G. This internal gear has 60 teeth and is integral with an 
eccentrically located, 40-tooth sun gear H. Gears G and H re- 
volve around shaft A.  

Meshing with the sun gear is another eccentrically located, 
40-tooth gear J. Mounted on the same shaft with gear J is a 
20-tooth pinion K. This gear meshes with a 60-tooth gear L 
that is mounted on follower-shaft M. 

In operation, drive-shaft A turns clockwise as indicated by 
the arrow; pinions E and F, internal gear G, and sun gear H turn 
counterclockwise, while gear J and pinion K turn clockwise. 
Since gear L is driven in a counterclockwise direction, follower- 
shaft M receives this motion. One full revolution of the drive- 
shaft results in several fixed dwell periods in the follower-shaft 
rotation. 

An adaptation of the gear train to the left of sun gear H is 
shown in the lower view of Fig. 2. In this alternate arrangement 
only external spur gears are used, thus eliminating internal gear 
G. The gear ratio, however, remains the same (3 to 1). 

Chain Driven Intermittent 
Rotary Movehent 

On a wire fabricating machine, a driven shaft was to be given 
an intermittent rotary movement through a roller chain from a 
uniformly rotating driving shaft. Both shafta had to begin and 
complete each revolution together. However, because the driven 
shaft was to move intermittently, it had to rotate a t  a higher 
speed than the driving shaft. The drawing illustrates the mech- 
anism that was designed to obtain the required motion. 

Keyed to  the driving shaft A, (see Fig. 3), are a sprocket B 
and a cam C. A bracket L supports a lever J. At its lower end, 
lever J carries a follower roller K which contacts the cam. The 
upper end of the lever is joined by a link M to a slide-bar F 
dovetailed to the frame of the machine. Four idler sprockets D 
are mounted on the machine, and two idler sprocketa E are car- 

INTERMITTENT MOTIONS - GEARS AND CAMS 3 1 

- I 

FIG. 3. Practical design for producing intermittent rotation in a driven 
shaft H from a uniformly rotating driving shaft A. 

ried on the slide-bar. A spring I serves to resist any movement 
of the slide-bar to the right, and maintains the follower roller in 
contact with the cam. The driven shaft H has a sprocket G 
keyed to it which, like the sprocket on the driving shaft, is in 
mesh with a chain N. 

In order to explain the operation of the mechanism, let i t  be 
assumed that the cam and lever were omitted. The rotation 
of shafts A and H would then be in the ratio of the number of 
teeth on sprockets B and G, the idler sprockets D serving merely 
to direct the chain over the required path. The  two idler sprock- 
ets E carried on the slide-bar do not affect the motion of sprocket 
G, provided the slide-bar remains stationary. But if there is a 
change in the position of the slide-bar, there will also be a change 
in the relative positions of sprocketa B and G. This is because 
the movement of the slide-bar causes the chain to be let out on 
one side and taken up on the other side, this action producing a 
partial rotation of sprocket G. 

By referring to the drawing, it can be seen that the cam 
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rotates in the direction indicated by the arrow, and is about 
to make the lever swing on its fulcrum and move the slide-bar to 
the right. As a result of this action, the chain is let out on the 
left side and taken up on the right side. If the take-up speed is 
equal to the linear speed of the chain, no rotative motion will 
be transmitted to sprocket G while the slide-bar is in motion. 
The linear speed of the slide-bar must equal one-half the speed 
of the chain to produce this condition, because the chain is let 
out and taken up on both sides of sprockets E. 

Intermittent Motion from 
Two Synchronized Cams 

Packaging machines often require mechanisms to transmit a 
particular motion during each fifth revolution of the main cam- 
shaft. Such a need might arise where five packages are to be 
grouped, then pushed from the machine at the same time. A 
mechanism that has been arranged to satisfy these particular 
requirements is shown in Fig. 4. 

The principal operating elements of this mechanism are two 
synchronized cams and one follower-lever. The upper end of 
single, L-shaped lever A drivea the package-ejector unit (not 
shown). A t  the opposite end of the lever are two follower-rollers 
B ,  and B2 which are held in contact with cams C1 and C2, re- 
spectively, by a spring D (attached to the upright lwer arm). 

Cam C1 ia pinned directly to the constantly rotating cam- 
shaft E, while the motion for cam C2 is obtained indirectly from 
a gear F, also pinned to the camshaft. By means of gears G and 
H - the latter being keyed to cam C2 - movement of gear F is 
reduced to one-fifth by the time it reaches the second cam. Thus, 
the speed of cam C2 is only one-fifth that of the camshaft and 
C,, although the rotational movement of both of the cams is in 
the same direction. 

Bearing this in mind, and noting the cam configurations and 
positions in the right-hand view, it can be seen that in one revo- 
lution of cam C1 cam C2 will rotate a distance equal to the width 
of its cutout J. This cutout occupies approximately one-fifth of 
the otherwise circular cam. 
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FIG. 4. Lever A is permitted to function only once for each five revolu- 
tiona of camshaft E. This intermittent movement ie controlled by the 

action of cams C1 and C2. 

During this rotation of the camshaft, follower-roller B2 is dis- 
engaged from the surface of cam C2. This permits roller B1 to 
track along the entire surface of cam C1, thus causing lever A 
to pivot. For the next four rotations of the camshaft, follower- 
roller B2 will ride along cam C2, thereby preventing roller B1 
from being affected by the contour of cam C,, and causing lever 
A to remain motionless. 

Intermittent Rotary Movement 
with End-Cycle Reversal 

On a machine for forming a product of flat wire, the material 
is fed intermittently through a twisting clamp. During the 
cycle, a shaft rotates one revolution, dwells, then rotate an- 
other revolution in the same direction. After several such revo- 
lutions, the shaft rotates in the reverse direction for a number 
of revolutions equal to the number of forward, separate revolu- 
tions, then stops to end the cycle. 

In Fig. 5, tubular spindle shaft A, which carries the twisting 
clamp, is supported by bearing brackets B. Pinion gear C, brake- 
drum D, and counterweight drum E are keyed to shaft A. Fric- 
tion is applied to the brake-drum by leather band F which is 
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FIG. 5.  Mechanism that provide8 intermittent rotary movement from a 
rotating drive-shaft, and which has provision for automatic reversal upon 

completion of operating cycle. 

held under tension applied by spring G. The counterweight 
drum receives steel trap H, to which the counterweight J is 
fastened. This serves to return the tubular shaft A to its initial 
position a t  the end of each cycle. The purpose of the leather 
band is to control the speed with which the counterweight de- 
scends. 

A rack K, with teeth cut on both upper and lower surfaces, 
meshes with pinion gear C and gear segment L. Gear segment 
L is keyed to the driveshaft M, which, in turn, is supported by 
bearing bracket N. The ratios of the pitch diameter of gears L 
and C, and consequently their speed ratios, are 4:l. The gear 
segment of L extends over 90 degrees and can rotate gear C one 
revolution. 

The diagram shows the mechanism a t  the beginning of the 
cycle. Referring to the front elevation a t  the left, the first tooth 
in gear L, which is rotating in the direction indicated by the 

arrow, is in contact with the gear teeth on the unde~ side of 
rack K. This causes the rack to move to the right, therebj rotat- 
ing gear C in a counter-clockwise direction. Drum E, being 
keyed to spindle shaft A also rotates, thus causing counterweight 
J to rise as steel strap H is wrapped around the drum. After 
the last tooth in gear L has disengaged the teeth in the rack, 
gear C stops turning and the rack is held in position at this 
point by pawl 0. The pawl drops between two of the upper 
rack teeth. 

The spindle shaft then remains stationary until the first tooth 
of gear L again contacts the teeth of the under side of rack K. 
This phase is repeated until pin P, attached to the rack, contacts 
sliding dog Q, moving it to the right. This raises pawl 0 out of 
contact with the teeth in rack K. The action of counterweight J 
then causes a reverse rotation of pinion gear C, which, in turn, 
drives the rack to the left. Pawl 0 remains raised until pin R 
contacts sliding dog Q, moving it to the left, and allowing the 
pawl to drop back into contact with rack K, thus completing 
the cycle. 

Fool-Proof Indexing Mechanism 
Necessity for the design of an indexing mechanism that will 

not overshoot the desired position or otherwise inaccurately 
index, is often encountered. This is especially true when a 
weighty fixture is to be carried by a large index-table. A lever 
type indexing mechanism that ~EI fool-proof in operation is shown 
in Fig. 6. 

Lever A pivots about a spindle that is also common to both 
ratchet wheel B and spring-loaded dog C. The dog remains en- 
gaged in a slot milled across a boss integral with the lever. The 
ratchet-wheel teeth are cut to mesh with mating spaces in the 
periphery of index-plate D. Pawl E, resting against a flat spring, 
restricts the motion of the ratchet wheel to a clockwise direc- 
tion only. The back end of the pawl resta against an adjustable 
cam-stop. 

Slotted lever F pivots freely on the common spindle and ie 
connected to locating plunger G by a headed pin. The locating 



36 INTERMllTENT MOTIONS - GEARS AND CAMS INTERMllTENT MOTIONS - GEARS AND CAMS 37 

- 
cr v 

FIG. 6. Index-plate mechanism incorporates locating device and one- 
directional driving dog to provide fool-pmf operation by eliminating 

the possibility of faulty indexing. 

plunger slides in a guide block fastened to the base of the in- 
dexing table. A locating tongue on the plunger end is accurately 
ground to fit within the tooth spaces around index-plate D. 
This tongue is partially relieved on the face parallel to the hori- 
zontal center line to clear any burrs that may have been raised 
in the tooth spaces on index-plate D by the action of ratchet 
wheel B. 

To move the index-plate from one position to the next, lever 
A is moved from the position shown a t  X to that shown at Y. 
During the initial part of this motion, pin H, pressed in the short 
leg of the lever, moves freely in an arc until it contacts slotted 
lever F. The pin, during the remainder of the stroke, forces the 
slotted lever to pivot around the common spindle, thereby dis- 
engaging locating plunger G from the index-plate. A t  the end of 
the stroke, spring-loaded ball J rides into a cone-shaped recess 
in the top plunger face. The plunger is thus held in the retracted 
position. 

At the same time that these movements are taking place, 
spring-loaded dog C freewheels over the dog teeth that are in- 
tegral with ratchet wheel B and drops into position after having 
moved a distance equal to one dog tooth. The ratchet wheel, 
which has the same number of dog teeth as ratchet teeth, is pre- 
vented from turning by pawl E. 

Lever A is now moved back to its original position. In doing 
so, dog C drives ratchet wheel B one tooth which, in turn, moves 
the index-plate to the next position. During the first part of 
this stroke, spring-loaded ball J retains locating plunger G, al- 
lowing the index-plate to move unrestricted. Toward the end of 
the stroke an adjustable screw K, which is threaded through a 
pad on the lever, contacts the pin connecting slotted lever F with 
the plunger. This drives the plunger forward causing the locat- 
ing tongue to enter a tooth slot on the index plate, thus locking 
it firmly in place. The plunger is held in this position by coil 
spring L. 

Escapement Provides 
Regular Intermittent Drive 

An escapement mechanism in which a pendulum is applied to 
control the timing of an intermittently rotating shaft was in- 
corporated in a wire weaving machine to advance strands of 
wire a required distance at regulated time intervals. I t  resembles 
the pin-pallet, or Brocot, escapements used in French and pendu- 
lum clocks. 

Drive-shaft A, see Fig. 7, has gear B keyed to it. This gear 
meshes with gear C, which is carried free on driven shaft E. Gear 
C carries a series of spring-loaded plungers which contact disc 
D, keyed to shaft E, see Fig. 8. Shaft E carries, a t  its outer end, 
a disc G, which is provided with a series of pins. A ring of fric- 
tion material F is carried on the hub of disc G where it transmit8 
rotary motion from gear C to disc G due to the pressure applied 
by the spring plungers. Bracket H, bolted to a stationary part 
of the machine, carries a pivot stud which supports a pallet I 
and a pendulum J, which are locked together by two screws in 
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FIG. 7. Pendulum escapement givea disc G intermittent clockwiee motion 
by meane of the pin pellet I alternately releasing the pins in the diac as 

pendulum J swings from side to side. 

the side plates attached to pallet I. These screws provide a 
means of adjusting the position of the pallet relative to the 
pendulum. 

In operation, the continuously rotating shaft A transmite 
motion to the shaft E through gears B and C, friction ring F, 
and disc G, where there is no restriction to the movement of disc 
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G. In Fig. 7, the positions of pendulum J and pallet I are such 
that the upper foot of pallet I contacting a pin of disc G prevents 
its rotation. As pendulum J swings to the other end of its arc, as 
shown dotted, the contacting pallet foot slides off the pin, allow- 
ing disc G to rotate. But before the upper foot has completely 
lost contact with its pin, the lower pallet foot carries into posi- 
tion to catch the succeeding pin. Thus, a t  the end of the arc 

Fro. 8. Driven shaft E is turned intermittently under control of pendu- 
lum escapement, receiving power from ahaft A. 
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t o  the right the pallet I will be in the position shown by the 
dotted outline, the succeeding pin having moved to contact the 
lower foot of pallet I. If the pallet feet are correctly located, 
the  angular movement of shaft E will equal one-half the angular 
spacing between any two consecutive pins on disc G. Therefore, 
the  number of angular movements of shaft E per revolution will 
equal twice the number of pins in disc G. 

The  number of movements per minute of shaft E is controlled 
by the swing of the pendulum regardless of the number of pins 
on  disc G. But in all cases the rotative speed of disc G must be 
such that the time required for any pin to arrive a t  the locking 
position must be less than the time required for the pendulum 
t o  swing. The angularity of the feet of pallet I relative to the 
line of movement of the pins provides an impulse to produce 
continued motion of pendulum J. However, this angularity is 
regulated by operating conditions. If the angle is too small, 
there will be insufficient impulse applied to the pendulum to keep 
i t  swinging. But if the angle is too large, free movement of the 
pendulum will be restricted, particularly when a heavy load is 
applied by the pins. With a light load and a large angle, there 
will be a noticeable jerk of disc G as the pallet feet slide off the 
pins. If this is objectionable, the contact surfaces of the pallet 
feet must be curved, with the center of the pivot as the center 
of the arc of curvature. In  the latter case, an angle on the lead- 
ing side of the pallet feet must deliver the impulse. In general, 
i t  is advisable to locate the pallet feet a t  the lowest angle with 
the  line of movement of the pins which provides the necessary 
impulse. 

T o  determine the length of the pendulum needed to produce 
the required timing, the formulas applied to  a free-swinging 
weight suspended on a length of cord are applicable. For deter- 
mining the time of swing, the accepted formula is 

in which: t = time, in seconds; 1 = length of pendulum in feet; 
and g = the force of gravity in feet per second*. The generally 
applied value of g is 32.2. 

To determine the length of pendulum required to produce a 
specified rate of swing, the foregoing formula is transposed, thus: 

In the formulas, the symbol 1 is the  distance from the pivot 
point to the center of the suspended weight. However, this 
formula is based on a weight suspended on a cord in which there 
is no friction influence and negligible weight of the cord. On the 
other hand, an accurate determination of the length of pendulum 
by this formula for the escapement application is not accurate 
because the combined weight of the rod and its fastening produce 
a distribution of weight which is not easily pinpointed. For all 
practical purposes, the calculated length is determined by the 
center of the suspended weight which is provided with a nut for 
adjustment, as shown. The pound value of t h e  suspended weight 
in no way controls the timing of the swing. I t s  value lies in 
increasing momentum and providing the steadying influence of 
inertia when the impulse is applied. The  lightest weight which 
will serve this purpose is recommended. 

Rotary Work-Table with Mechanism 
for Automatic Indexing 

An indexing work-table that  can be used in conjunction 
with independent cutter-heads t o  form an automatic multiple- 
spindle machine is shown in Fig. 9. The table is intended to 
receive several work-holding fixtures according t o  the number 
of indexing stations provided. A variety of machining opera- 
tions may be performed automatically while the work-pieces are 
located at these stations. 

Referring to sectional view W-W, annular table A rotates on 
steel balls which surround fixed central disc B. Indexing is 
carried out by means of gear segment C (section X-X) which 
is secured t o  spindle D. The latter component is mounted in 
ball bearings which are housed in disc B and in the  base. 

Motion from gear segment C is transmitted by pinion E, 
which engages gear teeth in the bore of the table. The indexing 
action is controlled by compound cam F (section W-W) which 
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FIG. 9. Sectional views of work-table that can be set up for automatic 
indexing. Limit switch M stops indexing cycle and switch N starta 

machining cycle. 

engages follower rollers housed in recesses in the gear segment 
C and is driven through bevel gears by shaft G. This shaft is 
driven by a motor, through V-belts, an electromagnetic clutch, 
and brake units. This driving equipment is not shown in the 
illustration. 

At the beginning of the cycle, segment C dwells for a period, 
and the indexing motion is then completed during a 210-degree 
angular movement of cam F. Subsequently, segment C is again 
caused to dwell before i t  is returned to its original position. This 
is done in preparation for the next indexing cycle in the course 
of the final 90-degree angular movement of cam F. 

During the dwell periods of the segment C before and after 
the indexing movement, pinion E and plunger H (section Y-Y) 
are moved vertically in opposite directions by lever J. A t  the 
beginning of the cycle, the plunger is withdrawn from one of a 
number of holes provided in the under side of the table a t  the 
indexing positions. Simultaneously pinion E is brought into 
engagement with the gear teeth in the table for the indexing 
movement. After indexing has been completed, the plunger is 
inserted into the next hole in the table. The latter is, therefore, 
positively located while the machining operations are being car- 

ried out on the work-piece. At the same time, the pinion is 
withdrawn from the gear teeth in the table in preparation for 
the return movement of the segment. At certain points in the 
cycle, the pinion and the plunger are in simultaneous engage- 
ment with the table, so that the latter is positively located 
during the entire indexing operation. 

Movement is transmitted to the pinion and the  plunger by 
bevel gear teeth on lever J and on pivoted segment K (section 
Z - Z ) .  The segment carries two follower rollers which engage 
simultaneously with compound L. This cam is keyed to the 
lower end of the shaft which carries cam F. The  arrangement 
may be seen in section W-W of the illustration. 

The indexing cycle is started by means of a switch (not 
shown) which activates the electromagnetic clutch t o  engage 
the drive with shaft G. At the end of the indexing cycle, limit 
switch M (section Z-Z)  is operated by means of a detent on the 
lower end of spindle D, with the result that  the clutch and con- 
sequently the drive to the shaft G are disengaged. Concurrently, 
an arm attached t o  the pivot spindle for the lever J actuates the 
limit switch N to start the cycle of the cutterheads. 

Intermittent and Pressure 
Applying Mechanism 

The gluing of paper watch dials to their metal backings orig- 
inally required the  use of four presses and four operators. In 
order to reduce labor and equipment costs, a gluing device in- 
corporating an ingenious operating mechanism was developed to 
do this work. The  new device required only one operator, elim- 
inated scrap, and enabled the work to be done with greater 
safety. 

In designing this device, it was necessary t o  incorporate 
means for holding and pressing the paper dials and  their metal 
backings together for a sufficient period of time to allow the 
glue to set. This requirement was met by providing the fixture 
with eight cam-operated pressing spindles mounted in an inter- 
mittently indexed eight-position spindle-carrier, with one position 
reserved for loading and unloading the work. T h e  spindle-car- 
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rier is operated slowly enough to permit proper setting of the 
glue in one complete revolution of the carrier. A glued dial and 
its backing is removed from the loading and unloading station 
designated "0" and replaced by new pieces during the dwell 
period following each indexing of the spindle-carrier. Thus eight 
glued dials are completed in one revolution of the spindle- 
carrier, each dial and its backing being under pressure during 
one revolution of the carrier. 

The essential features of the mechanism designed to operate 
the gluing device are shown in Fig. 10. The mechanism is driven 
by a motor through a belt passing over the friction pulley H and 
a clutch operated by lever J. When the clutch is engaged, worm 
K on shaft F turns the worm-wheel L. The upper portion of the 
worm-wheel carries the indexing pin of a Geneva mechanism. 
At each revolution of the worm-wheel, the indexing disc M, which 
is fastened rigidly to vertical shaft N, is rotated one-eighth 
revolution. Since the spindle-carrier A is keyed to the vertical 
shaft, i t  also rotates. 

The eight equally spaced pressure spindles C are mounted in 
the carrier A as shown. Directly above, and in axial alignment 
with each pressure spindle C, is a spring-backed spindle B. It is 
between the work supporting disc P on the upper end of spin- 
dle C and the disc at the end of spindle B that the watch dial 
and its backing are pressed together to complete the gluing oper- 
ation. Both spindles C and B are provided with keys that slide 
in keyways to prevent them from turning in the carrier A. Slots 
a t  the bottom ends of spindles C accommodate rollers, which 
are in constant contact with a circular cam-ring D. 

The cam-ring has a raised portion throughout 246 degrees of 
its circumference, sloping portions throughout 47 and 44 degrees, 
and a flat portion throughout 23 degrees, which is located be- 
tween the sloping portions. The flat portion a t  the position 
marked "0" is directly in front of the operator, and i t  is a t  this 
location that a pair of spindles is loaded and unloaded. 

Bed E, besides acting as a support for cam-ring D, houses the 
Geneva motion and worm-wheel and serves as a support bracket 
for the worm-shaft F. The driving pulley G engages the spring- 

-+++ SECTION - I. * 

C I 
FIG. 10. Mechanism used to glue paper dials to metal d i m  by applying 

sufficient pre*nure for a predetermined 1- of time. 
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loaded friction pulley H when the clutch lever J is in the raised 
position, imparting rotation to shaft F, worm K, and worm- 
wheel L. 

In operation, the parts to be glued are placed by the operator 
on the disc P of the spindle that is in the "0" position. The cor- 
rect positioning of the paper dial and metal backing on disc P is 
facilitated by means of locating pins (not shown). The operator 
then releases the flat-hooked spring Q, which allows spring-loaded 
clutch lever J to move upward. This, in turn, releases driven pul- 
ley H and engages the train of members that drive the spindle- 
carrier A. 

As the spindle-carrier rotates, the pressure spindle C is moved 
upward by the action of its roller on the circular cam-ring D. 
The pressure exerted on this member by the spring-loaded spin- 
dle B is sufficient, both in magnitude and duration, to permit 
setting of the glue. As one spindle is loaded and moved into the 
position where pressure is exerted, the pressure on the spindle 
immediately following is relieved. Its roller then follows the 
descent in the cam-ring under the influence of gravity in moving 
into position "O." Once in this position, the bottom spindle is 
quickly unloaded and reloaded. 

The mechanism is stopped by depressing lever J ,  which dis- 
engages the driving pulley G. The clutch lever also acts as a 
friction brake. It  is locked in the depressed position by means 
of flat hooked spring Q. 

CHAPTER 3 

Intermittent Motions from Ratchet and Geneva Mechanisms 

Two methods of producing intermittent motion in which the 
periods of rest are evenly spaced and of equal length are by 
means of ratchet gearing and by using some modification of the 
Geneva motion. In its basic form this motion is obtained by 
means of a Geneva wheel, acting as a driven member, which has 
four radial slots located 90 degrees apart that successively en- 
gage a roller or pin on the driving member. The  Geneva wheel 
thus turns with the driving member through one-quarter of a 
revolution and is idle for the remainder of the revolution of the 
driving member. 

A number of ingenious mechanisms in which a ratchet arrange- 
ment or a Geneva motion play a prominent part are described in 
this chapter. For other mechanisms of a similar type, the reader 
is referred to Volumes I, 11, and I11 of "Ingenious Mechanisms 
for Designers and Inventors." 

Adjustable Intermittent 
Ratchet Mechanism 

The device shown in Fig. 1 was used to give intermittent 
drive to a mechanism by means of a ratchet. The number of 
teeth per cycle was to be adjustable, as well as the location of 
the teeth in the cycle. 

The device itself consists of two ratchets of the same diameter 
and number of teeth. Ratchet A is keyed to shaft B, and trans- 
mits the desired motion to this shaft. Ratchet C is free to turn 
on shaft B. On the extended hub of ratchet C is carried, on one 
side the pawl arm D, and on the other side the masks E and F. 

47 
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These masks have stepped diameters, the major equal to that 
of the  ratchets, and the minor slightly less than the root diameter 
of the ratchet teeth. There is a series of arcuate slots in the 
masks, and tapped holes in ratchets C are so arranged that a 
variable number of teeth can be uncovered, and the position of 
these teeth located anywhere on the circumference of the ratchet. 
I t  is obvious that a modification of the profile of these masks 
will provide for an infinite number of conditions. 

On the upper end of the pawl arm are carried two pawls, G, 
and H, and a pawl-like lever, J. These are carried on a pivot pin 
K, pawl H, and lever J being pinned on pin K. Pawl G is free on 
pin K. 

Motion is transmitted to the pawl arm D by the connecting 
rod M by means not shown. 

The  operation of this device is as follows: As shown, the 
mechanism is set up to move four teeth per cycle, one tooth 
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having been moved already. The next three movements of the 
pawl arm will move a tooth each, the whole mechanism rotating 
as a unit. The fourth backward movement of the  pawl arm will 
cause lever J t o  ride up on the major diameter of mask F. Both 
lever J and pawl H being pinned to pivot pin K, this movement 
outward of lever J will lift pawl H out of engagement with 
ratchet A. Pawl H will remain out of engagement as  long as J 
remains on the major periphery of the masks F and E. Pawl G, 
however, will engage ratchet C, moving i t  forward with i t s  at-  
tached masks. This will continue until t h e  lever J will be per- 
mitted to move down to the minor radius of the  masks, when 
pawl H will re-engage ratchet A and the next movements of the 
pawl arm will carry the driven mechanism forward, in this case, 
four teeth. 

Ratchet-Tripping Mechanism 
Controls Cut-off Length of Sheets 

A mechanism employing a feed-ratchet tripped indirectly by 
a roller chain for pre-setting cut-off lengths was designed for a n  
expanded-metal fabricating machine. The ram type machine has 
toothed blades attached t o  a slide that  reciprocates across the 
sheet between strokes. The blades punch and expand openings 
in a solid steel sheet. 

During the first stroke, the slide is laterally situated in one ex- 
treme position. Then, after the material has been fed forward 
a distance equal to one row of perforations, the blade slide moves 
to the opposite extreme position for a second stroke. Thus  the 
rows of expanded openings are staggered on the sheet. T h e  ex- 
panded metal is cut off from the solid sheet each time tha t  the 
feed mechanism is prevented from functioning by the  ratchet- 
tripping device here described. 

The adjustable ratchet arrangement employed for feeding the 
metal sheets is shown in Fig. 2. Ratchet wheel A is intermit- 
tently rotated by feed-pawl B. The feed ra te  may be controlled 
by the adjustment of knob C to  change t h e  radial location of the 
driver that  imparts motion to the feed pawl. 
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FIG. 2. Retchet-tripping mechanism for interrupting a press feed at pre- 
set points, shown in feeding position at X, and non-feeding p i t i o n  at Y. 

Slide D, which is retained between two guides E, trips the 
feed-pawl B directly. The slide is shown in its extreme right- 
hand position a t  X, held there by spring F. The left-hand end 
of the slide is an arc of approximately the same radius as ratchet 
wheel A. Roller G, attached to the feed-pawl, rides on this 
rounded end when the slide is shifted to the left. 

Slide D is actuated by the ratchet-driven roller chain mech- 
anism at the right in view X. A nonadjustable eccentric H, 
mounted on the drive-shaft, actuates pawl J. In turn, pawl J 

imparts intermittent motion to the ratchet wheel K. The eccen- 
tricity of member H was calculated to  advance the ratchet wheel 
one tooth for each revolution of the drive-shaft. 

A chain sprocket L is mounted on the same shaft as the 
ratchet wheel. The sprocket carries a roller chain M which is 
held in tension by idler sprocket N. Ratchet wheel K and 
sprocket L have the same number of teeth so that each feed 
movement of the pawl will advance the chain a distance of one 
link. Cam 0, bolted to one of the chain links, pushes slide D 
against roller G once for each complete cycle of chain movement. 

The arrangement of the mechanism during the feeding phase 
of the cycle is shown in view X. The slide ie located at the right, 
allowing feed-pawl B to function. As the operation continues, 
the roller chain moves counterclockwise until the tapered front 
surface of cam 0 engages roller P. This forcen slide D to the 
left, against spring pressure, to displace roller G and disengage 
the feed-pawl B from ratchet wheel A. The mechanism is then 
in the non-feeding phase of its cycle, as seen a t  Y. The next revo- 
lution of the drive-shaft will index the sprocket K through a 
distance of one tooth and move cam 0 past roller P. Spring F 
then returns slide D to the right-hand position so that feeding 
of the work will continue. 

During the non-feeding portion of the cycle, the fabricated 
metal is cut off from the solid sheet. For various cut-off lengths, 
chains of different lengths are used. A slot Q is provided for the 
purpose of adjusting the idler sprocket either backward or for- 
ward to accommodate the various lengths of chain required for 
different jobs. 

Angle a should be selected to make the two pawls operate in 
opposite directions. This will assure that either a feeding move- 
ment will occur or that there will be absolutely no movement; 
therefore the condition in which a feed movement is partially 
made before feed-pawl B is disengaged will never arise. 

Positive Ratchet Mechanisms 
Designed for Silent Operation 

Silent-operating positive-drive ratchet mechanisms are not too 
well known. By substituting a brake for the conventional spring, 
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the pawl or finger member is lifted off the ratchet teeth on the 
idle stroke and made to engage the teeth again on the return 
stroke. Thus, although still being a positive intermittent mech- 
anism, i t  works without the usual clicking noise made by the 
finger in riding or jumping over the teeth on the idle stroke, 
and therefore reduces the wear on the finger as well as on the 
teeth. 

Referring to Fig. 3, the finger F is pivoted on an arm A which 
is, in turn, pivoted on the shaft S. The connecting-rod C pivots 
on the finger F. A spring-loaded brake B - prevented from 
rotating by a stud in the body of the machine - acts as a brake 
on a drum which is part of arm A. The toothed ratchet wheel W 
is keyed to the shaft S. 

On the idle stroke (indicated by dotted-line arrow), the con- 
necting-rod C will first pivot the finger F, thus lifting its point 
off the tooth on the ratchet wheel W. The arm A will not turn 
on the shaft at that time, as i t  is being restrained by the brake 
B and so offers more resistance to movement than the finger. 
This finger will pivot only through a certain angle until its short 
finger hits the stop T on the arm. I t  will then force the arm A 
to turn on the shaft, overcoming the friction of the brake and 
causing the finger and the arm to pivot on the shaft as one part. 
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FIG. 4. Alternate design of silent, positive ratchet mechanism with con- 
necting-rod and pawl pivoted on same pin. 

On the return stroke, the finger will first pivot to  engage a new 
tooth, and then the whole mechanism will turn as one piece, 
including the  ratchet wheel and the shaft. 

Another design of silent ratchet, in which the connecting-rod 
and the finger are both pivoted on the same pin, is shown in 
Fig. 4. The arm A and the brake arm B are arranged on opposite 
sides of the ratchet wheel. A pin P fixed in the finger provides 

I I 

Fn. 3. Silent-operating, positive-drive mechanism with the ratchet pawl 
pivoted on the oecillating driving arm. 

I I 
Frc. 5. Front and side views of ratchet designed for use on small-sized 

mechanisms. 



54 INTERMIllENT MOTIONS - RATCHET AND GENEVA 

I I 

I I 

FIG. 6. Reversible ratchet with double-ended pawl. 

the necessary stop by engaging an elongated slot in the brake 
arm on one side and a circular slot in the arm A on the other 
side. 

A design that is suitable for small-size mechanisms, and which 
is similar to the one illustrated in Fig. 4, is shown in Fig. 5. The 
brake is made of a piece of spring wire. The big disc replaces the 
arm. The designs shown in Figs. 4 and 5 have the brakes operat- 
ing on a drum which is attached to the shaft and ratchet wheel. 
This arrangement calls for a stationary finger to prevent the 
shaft from reversing on the idle stroke, or else the shaft with all 
the elements driven by it should offer enough resistance to pre- 
vent reversal on the idle stroke resulting from the grip of the 
brake. Obviously, this arrangement is not absolutely necessary 
for the design, and the brake drum can be attached to the body 
of the machine, as in the design shown in Fig. 3. 

A reversible silent ratchet mechanism is seen in Fig. 6. The 

teeth on the wheel are made "square" to have two radial sides, 
for forward and reverse driving. The finger is made double- 
pointed. T o  change the direction of drive, pin R on the brake 
arm should be shifted to position Q, and stop-pin P on the finger 
should be shifted to position S. 

Silent Ratchet Mechanism 
for Over-Running Drive 

Ratchet mechanisms used on over-run drives frequently pre- 
sent problems of noise and wear. Shown in Fig. 7 is a ratchet 
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mechanism designed to operate silently, with a minimum of wear 
on its working parts. 

Consisting principally of a gear A and a ratchet B, the over- 
drive assembly is driven either by shaft C, to which the ratchet 
is keyed, or by the gear. The driving gear is mounted on the 
hub of the ratchet, and is free to turn on t h e  hub, being retained 
by collar D. A recess is provided in the gear member to accom- 
modate pawl E. Although the pawl pivots on pin F, it fits the 
pin loosely, and the actual pressure transmitted by the pawl is 
borne by the right-hand end of the recess in the gear. 

When the shaft is driven by the gear, which revolves counter- 
clockwise, the pawl drives the ratchet in t h e  usual manner. But 
when the shaft, which also rotates counter-clockwise, becomes 
the driver, the gear is stationary, and t h e  pawl over-rides the 
ratchet. One of the functions of the mechanism at  this time is 
to prevent the pawl from sliding over the ratchet teeth. 

This is accomplished in the following manner: When the 
ratchet rotates counter-clockwise, a brass cam-plate G moves 
with it due to the friction developed by four cork-tipped spring 
plungers H in the ratchet as they ride on the cam-plate. The 
movement of the cam-plate lifts the pawl from the ratchet as pin 
J, which projects from the pawl, slides u p  slot K in the cam- 
plate. 

When the gear drives the shaft, the ratchet remains stationary 
until the pawl is engaged. Since the  friction generated by the 

FIG. 7. Ratchet mechanism on an over-run assembly which operatea 
silently and with minimum wear on the parts. 



56 INTERMITTENT MOTIONS - RATCHET AND GENEVA INTERMlllENT MOTIONS - RATCHET AND GENEVA 57 

spring plungers in this case will retard the rotation of the cam- 
plate, pawl pin J is forced down to the left in slot K. Therefore, 
the pawl engages the ratchet teeth and the entire assembly re- 
volves as a unit. 

Spring plungers H are contained in four blind holes bored in 
the side of the ratchet. Outward pressure of each plunger is 
exerted by a spring L against a cork friction button M, fitted 
into a hole bored in the plunger. Covering the ratchet mech- 
anism is a protective plate N, which is relieved to avoid a large 
area of contact with the cam-plate. To assure the frictional 
movement of the cam-plate only under the desired circum- 
stances, the area of contact is reduced to a minimum. There is 
also clearance between the cover plate and the shaft for the same 
reason. 

Additive and Subtractive 
Ratchet Mechanism 

In the operation of a ratchet-driven device i t  was found de- 
sirable to automatically, and frequently, add extra tooth move- 
ments. Occasionally, all movement must stop. 

The device illustrated in Fig. 8 includes ratchet wheel A 
which is keyed to the driven shaft B. Mounted on an extended 
hub of the ratchet is a bushed push-pawl arm C. Push pawl D 
is pivotally mounted on arm C. The pawl is provided with a 
projecting pin E that rides on the periphery of mask K. Arm 
C is provided with gear teeth cut around a portion of its hub for 
engagement with mating teeth cut on the left end of hook-pawl 
a m  F. 

The hook-pawl arm is pivotally mounted on bracket G. The 
location of this pivot point must be such that the movement of 
the pawl H on the outer end of arm F is equal to that  of pawl D. 
The hook pawl is provided with a pin J which also rides on mask 
K. Mask K is bushed and is mounted freely on shaft B. Con- 
necting-rod L has one end attached to the mask. Pawl arm C 
is reciprocated by another connecting-rod M. 

In the operation of this device pawl D does all the driving, 
ordinarily moving a distance of one tooth on ratchet wheel A 

I I 
FIG. A. Ratchet mechanism has a mask that allows automatic changes in 

ratchet stroke or complete temporary stoppage. 

for each reciprocation of arm C, as a simple ratchet movement. 
In such movement pin J on hook pawl H reats on the lobe of 
mask K so that  pawl H is held out of engagement with the  
ratchet. 

When conditions arise that require increased movement of 
shaft B, the control mechanism, through connecting-rod L, 
moves mask K clockwise so as to permit pawl H to function. 
The mask holds the new setting until changed. 

Conversely, if stoppage of shaft B is called for, the mask moves 
counterclockwise until pawl D is lifted ou t  of engagement. This 
occurs when pin E rises on the lobe of mask K. Size of t h e  lobe 
on mask K for pin J permits sufficient counterclockwise move- 
ment to hold both pawls out of engagement with ratchet wheel 
A. 
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Ratchet Operates on 
Alternate Strokes 

A dual ratchet-wheel system provides the required rotation 
of a shaft only on alternate strokes of a reciprocating drive lever. 
Figure 9 shows the mechanism a t  the end of a power stroke. 

Driven shaft A and ratchet wheel B are keyed together. This 
wheel has a hub on each side; one side carries one lever C, and 
the other side, pilot wheel D and a second lever C. Both levers 
and the pilot wheel are free on the hubs. Pawl E is pinned 
between levers C, and is wide enough to engage the teeth of 
both wheels. Reciprocating drive lever F transmits motion to 
both levers C. 

Teeth of ratchet wheel B are the usual shape, except that 
there is somewhat greater spacing between them. On the other 
hand, the  teeth of pilot wheel D are a special shape, as shown. 

With the levers in the position illustrated, a t  the end of a 
power stroke, the pawl has engaged one tooth of ratchet 
wheel B and rotated i t  to  the limit of lever movement. I t  will 
be noted that the radial contact faces of the teeth of wheels B 

FIG. 9. The design of the teeth of pilot wheel D keeps pawl E out of 
engagement with ratchet wheel B on alternate oscillations of lwem C. 

and D coincide, and since the pawl is wide enough t o  engage 
both wheels, they have been rotated in unison. 

The pawl is shown in broken line a t  the end of the  subsequent 
return stroke. Here, i t  is in contact with one tooth of pilot 
wheel D, but is raised out of contact with the  ratchet wheel B. 
On the next power stroke, the pilot wheel is rotated, but  no 
motion is transmitted to the ratchet wheel, and therefore no 
motion to the driven shaft. At the end of this power stroke, 
the pilot wheel will come to rest so that the contact face of 
the tooth will coincide with the contact face of one of the teeth 
in the ratchet wheel. 

Then, a t  the end of the next return stroke, the pawl will 
again be in position to fall into contact with one tooth on both 
wheels. In this way, the required shaft rotation on alternate 
reciprocations of the drive lever is obtained: on one power 
stroke, both wheels are rotated in unison, and the motion is 
transmitted to the  driven shaft; but on t h e  subsequent power 
stroke, the ratchet wheel is not rotated, since the pawl is held 
UP. 

Two spring-loaded plungers G are contained in the ratchet 
wheel, bearing against the adjacent face of the pilot wheel. By 
applying a light frictional resistance to t h e  pilot wheel, they 
prevent any backward rotation due to  the drag of the pawl on 
the return stroke. 

The mechanism will operate regardless of the angular oscilla- 
tion of levers C, with the limitation that  t h e  pawl always must 
move an uneven number of teeth, such as  one, three, or five. 
If the pawl were to move an even number of teeth, such as two, 
four, or six, the ratchet wheel would be rotated on each oscilla- 
tion, rather than on alternate oscillations as required. This, 
in itself, may be an advantage, in some instances, in that  i t  is 
possible to vary the  driven-shaft rotation from alternate to con- 
secutive action merely by changing the range of oscillation of 
the levers, to  increase or decrease the movement of the ratchet 
wheel. There must, of course, be an even number of teeth or 
contact faces on both the ratchet wheel and  the pilot wheel of 
this mechanism. 



60 INTERMITTENT MOTIONS - RATCHET AND GENEVA INTERMllTENT MOTIONS - RATCHET AND GENEVA 61 

Variable lntermittent Movement 
Derived from Gear Drive 

An unusual mechanism which provides intermittent move- 
ment from a standard gear drive is shown in Fig. 10. The 
amount of movement of the driven member is variable within 
wide limits and is easily adjusted to any degree of arc. 

In this mechanism, driving gear A revolves freely on station- 
ary shaft B and is retained in  position by collar C. Three con- 
centric bores in gear A contain the elements of the intermittent 
movement device. A rectangular flange D, mounted integrally 
on shaft B, provides a mounting surface for slide E. Two screws 
F, passing through elongated holes in the slide, fasten it to the 
base of a deep slot machined across the flange face. These 
holes permit the degree of intermittent movement obtained from 
the mechanism to be varied. 

A lever G pivots freely on shoulder-screw H. The screw is 
threaded into slide E a t  a point below the center of gear A as 
indicated by dimension Z. Ratchet wheel J is keyed to a shoul- 
der on the end of output shaft K. 

Motion is transmitted between gear A and ratchet wheel J 
by means of pawl L. The pawl is secured to gear A by shoulder- 

FIG. 10. Drive mechanism designed to convert constant rotary motion 
into variable intermittent rotary motion. 

screw M. Driving pin N is pressed into the pawl and passes 
through a short elongated hole in lever G. The purpose of this 
connection is to control the swinging movement of the pawl. 

As driving gear A rotates in the direction indicated by the 
arrow, ratchet wheel J is forced to revolve in the same direction 
due to the engagement of pawl L. Because driving pin N is 
connected with eccentrically mounted lever G, the pin moves 
in a circular path that is not concentric with shaft B. Thus, as 
gear A rotates, the pawl is successively drawn closer to, then 
farther away from, the teeth of the ratchet wheel. In this way, 
an intermittent motion is imparted to output shaft K. 

With slide E located so as to provide a n  offset equal to dis- 
tance 2, the ratchet wheel will rotate approximately 45 degrees 
during each revolution of gear A. The length of engagement 
between the pawl and the ratchet wheel is denoted by numbers 
1 and 2 in the left-hand view. By adjusting the position of slide 
E, the distance traveled by the ratchet wheel can be varied. 

lntermittent Motion Derived 
from Continuously Rotating S h d  

On a wire-forming machine, it was necessary to interrupt the 
feed of the wire a t  certain intervals in the cycle. To accomplish 
this, the shaft operating the feeding mechanism was cut a t  one 
point, and the mechanism illustrated was then installed. 

As indicated in Fig. 11, shaft A, the driving member, trans- 
mits its motion to shaft B, which operates the feeding mech- 
anism. Keyed to  shaft A and rotating with it is a disc C. The 
disc carries a pawl D that is normally held in contact with a 
ratchet E by a spring F. Ratchet E is attached to shaft B. 
There are eight teeth spaced around the ratchet. A ring G, 
which is mounted on a stationary part of the machine, is slotted 
at eight equally spaced points to receive studs carrying rollers 
H, which contact the tail of the pawl. 

For purposes of explanation, the rollers H are numbered 1 to 
5. As shaft A and disc C rotate in the direction indicated by the 
arrow, the pawl engages one of the teeth of the ratchet, causing 
shaft B to rotate in unison until the tail of the pawl contacts 
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FIG. 11. The pawl D is disengaged from ratchet E by eontad with one 
of the rollera H. 

roller No. 1. The pawl a t  this and subsequent locations is rep- 
resented in broken line. In contacting the roller, the pawl is 
released from the ratchet and the motion of shaft B is inter- 
rupted until the pawl again engages a ratchet tooth. 

Assuming for the present that roller No. 2 has been removed, 
the movement of the ratchet again begins when the pawl engages 
ratchet tooth adjacent to roller No. 3. Thus far, shaft A has 
rotated 90 degrees, but shaft B has rotated only 45 degrees, the 
other 45 degrees having been lost by the pawl passing over one 
tooth of the ratchet. Continued movement of the disc c a w  
the ratchet to again be rotated until the tail of the pawl contacts 
roller No. 3, when movement is once more interrupted. With 
rollers Nos. 1, 3, 4, and 5 positioned as shown, there are four 
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movements of shaft B and four rest periods of 45 degrees each 
in every rotation of shaft A. On the machine involved, this 
was the particular intermittent motion required. 

The design, moreover, lends itself to other variations. Assum- 
ing, for exampk, that roller No. 2 is placed as shown, the pawl 
is prevented from engaging the ratchet tooth. It  will be noted 
that this roller has been moved to the upper end of its slot, the 
purpose being to operate the pawl before tooth engagement. If 
roller No. 3 were moved to the upper end of its slot, disengage- 
ment would continue until the tooth adjacent to roller No. 4 
is reached, thus producing a rest period of 135 degrees. Like- 
wise, if roller No. 4 were transferred from its present position 
to the slot immediately to the right, engagement would again be 
prevented, producing a rest period for shaft  B of 180 degrees. 

I t  is evident that various combinations of intermittent mo- 
tions can be obtained, depending on the number of rollers used 
and their locations. This mechanism can be adapted to a wide 
variety of intermittent motions by increasing the number of 
teeth in the ratchet and providing a continuous slot in ring G, 
so that rollers are able to be placed in any position. 

Cam and Ratchet 
Intermittent Mechanism 

A mechanism that employs a cam, ratchet, and pawl for 
converting constant rotation into intermittent rotary motion is 
shown in Fig. 12. Drive-shaft A of this mechanism revolves con- 
tinuously. Keyed to it is disc B which carries pin C which is the 
pivot for pawl D. On the driven shaft E there is keyed ratchet 
wheel F. The inner end of the pawl engages the ratchet teeth 
while the outer rides around a cam path cut into disc G. 

As pivot-pin C is carried around disc G by the rotation of 
the drive-shaft in the direction indicated by the arrow at M, 
shaft E is turned by pawl D during the period when end K of 
the pawl is riding along the high section of the cam P. A spring, 
not shown, exerts sufficient pressure to hold the cam tooth in 
engagement with one of the teeth on the ratchet during this 
period of pawl movement. 
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FIG. 12. Mechanism that employs a cam, ratchet, and pawl for convert- 
ing constant rotation into intermittent rotary motion. 

When end K of the pawl reaches the low portion of the cam 
indicated by letter N, the pawl is swung on its pivot and its 
tooth is disengaged from the ratchet. The driven shaft E then 
remains stationary until end K of the pawl again rides on the 
high section of the cam and the pawl tooth has once more been 
swung into engagement with a cam tooth. 

Geneva Drive in which Gear Ratios 
Control Motion Time 

Geneva drives used to a wide extent in automatic machinery 
generally consist of a driving roller a t  the end of a crank and a 
slotted member which is moved when the driving roller enters 
into a slot. The conventional Geneva drive has some disadvan- 
tages, one of them being that time for motion and dwell of the 
driven member is usually determined for a given number of slots 
or stations. 

In  Fig. 13 is shown a modified Geneva drive of which the time 
for motion is dependent upon gear ratios. In this drive, input 
shaft A rotates with uniform velocity and drives gear B, which 
in turn drives sun gear C. The latter is free to rotate on the 
shaft D. Shafts A and D are supported in the gear housing. 
Sun gear C drives planet gear E, and as long as the roller H is 
outside of the slotted member F, gear E rotates with uniform 

velocity because the planet block G is detented. The detent 
device is not shown. Roller H is just starting to enter a slot in 
Fig. 14, while Fig. 15 shows the mechanism some time after the 
roller has entered the slot. 

At the moment that the roller enters the slot, the planet 
carrier becomes unlocked. The roller, however, is now in the 
slot, and because of the angular motion of link J ,  which is driven 
by planet gear E, the roller will penetrate deep into the slot and 
cause shaft K to rotate counterclockwise around shaft D. 

In general, the size of an idler gear has no influence on gear 
ratio, but in this case the size of gear C is of importance because 
planet gear E rolls on gear C during motion. 

I I 

FIG. 13. Modified Geneva drive with motian time wntrobd by W 
ratios. 
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ma. 14. Diagram showing roller H entering dot of planet Mock at 
beginning of Geneva motion 

\ 

SlDE VlEW Y-Y 

FIG. 15. Diagram showing positions of elements after roller H has moved 
along slot of planet block. 
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By superimposition of the different motions i t  can be shown 
that time for indexing by using a four-slotted member is 

For the mechanism described, 40, = D2 = D4, where D2, Ds, 
and D4 are the pitch diameters of gears B, C, and E, respec- 
tively. 

degrees, and the time for dwell is 360 - 67.5 = 292.5 degrees. 
The output motion of the planet carrier G by each indexing 

is 90 degrees. 

Automatic Programming by Ratchet Wheel 
Figure 16 shows the design of a mechanism which will impart 

a variable, partial, intermittent rotation to a driven shaft. The 

ha. 16. Three views of the pmgramming mechanism which gives vari- 
able. partial, intermittent motion to ehaft J ae driven by bar A and 

sequenced by chain S. 

purpose is to produce a variable spacing of the strands of woven 
wire in a pattern. 

Referring to Fig. 16, which shows three views of the mech- 
anism, the reciprocating bar link A supplies the mechanism with 
motion which causes shaft J to deliver the required variable, 
partial, intermittent rotation. The movement of bar A is trans- 
mitted to lever B, which carries a gear sector at  its upper end 
and is keyed to a shaft, which is free to rotate in bearing block 
F. The gear sector on lever B, in mesh with a mating gear 
sector on lever C, transmits linear motion to the lever arm of 
C. Lever C moves lever E through link D. Lever E swings 
freely on a shaft. The motion of lever B is also transmitted to 
lever H through link I .  Lever H swings freely on the driven 
output shaft J, which is mounted for free rotation in bearing 
block K. 

Lever E carries pawl L to engage in the notches on the periph- 
ery of ratchet disc M. The ratchet wheel is attached to sprocket 
wheel N, the pair being rotatable on a shaft. The number of 
notches on ratchet disc M is determined by the angular move- 
ment of lever E. Its angular movement, in t u n ,  is governed by 
the amount of angular movement of lever H needed to produce 
the maximum partial revolution of shaft J that will give the 
required spacing of the strands of wire. 

Lever H carries pawl 0, which engages teeth of ratchet wheel 
P, keyed to output shaft J. On the side of the pawl is lifter pin 
R, which overhangs sprocket Q. This sprocket free-wheels on 
shaft J. Sprockets N and Q are linked by roller chain S. The 
length of this chain is governed by the number of movements 
of shaft J in one "repeat" of the required complete program 
for the wire-mesh pattern. I t  must be of such length that the 
number of links will be a multiple of the number of teeth of 
sprockets N and Q included in the angular movement of lwem 
E and H. Chain S is equipped with special pawl-lifter linka T, 
placed on opposite sides of the chain where necessary. In opera- 
tion, the high links contact the pawl lifter, which c a m  pawl 0 
to fail to contact ratchet wheel P. Pawls L and 0 are equipped 
with springs (not shown) that normally insure engagement 
with their ratchet teeth. 



70 INTERMITTENT MOTIONS - RATCHET AND GENEVA INTERMllTENT MOTIONS - RATCHET AND GENEVA 7 1 

In the drawings, the mechanism is shown a t  the mid-point of 
its motion. Bar A, moving in the direction of the arrow, trans- 
mits motion to the various links and levers in the directions indi- 
cated by the arrows. At this point, there is no movement of 
either the sprockets or the ratchet wheels and, therefore, there 
is no movement of shaft J because the pawl is moving opposite 
to the direction required for engagement. Also, pawl 0 is held 
out of engagement with ratchet wheel P by the three lifter links 
shown. 

Continued movement of bar A in the same direction causes 
the pawl 0 to end contact with the chain links T. The pawl 
then drops into one of the teeth of ratchet P. Rotation of shaft 
J starts, and continues until lever H reaches the end of its stroke. 
Leven E and H finally take the positions shown by the broken 
lines. At this point, pawl L has been brought into position to 
engage one of the notches in disc M. 

On the return stroke of bar A, disc M and sprocket N rotate 
in the direction of the dotted arrow, causing chain S to move 
in direction U (dotted arrow) so that any links T attached to 
chain S will pass under pawl 0 moving in the opposite direction. 
In this manner, the movement of chain S is brought into posi- 
tion for the next working stroke of lever H. The number of 
chain links which pass under pawl 0 governs the dwell period 
of shaft J. Its rotation can be started only after pawl lifter R 
on pawl 0 has moved off the lifter links. 

Adjustable Indexing Mechanism 
with 180-Degree Dwell 

On certain types of printing presses it is often desired to 
incorporate a variable indexing motion in which a ratchet is 
moved during 180 degrees of rotation of the driving shaft and 
then dwells over the rest of the motion. A mechanism designed 
to accomplish this result is here shown. 

In this mechanism gear A is half the size of the internal gear 
B; see Fig. 17. Gear A is carried in a circle around the internal 
gear by arm C which is attached to driving shaft D. This shaft 
rotates continuously. FIG. 17. An adjustable indexing rnecluuhm with 180 degrees of dwell. 
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As gear A rolls around gear B, each point on the circumfer- 
ence of the small gear describes a straight line. Point E on the 
circumference describes a path along the straight line L. The 
motion of point E is transferred to the crank G through link F. 
Crank G carries pawl H. By the oscillating motion of lever G, 
pawl H causes ratchet J to move intermittently. The amount 
of motion is dependent upon the direction in which point E is 
moving. In order to vary the direction of the path of point E, 
gear B can be indexed limited amounts by means of gear K. Scale 
S indicates the amount gear J is indexed. 

Counting Device for 
High Speed Operation 

Counters have been required for various applications such as 
on computers, servo mechanisms, and other similar devices that 
function a t  high speeds. Under such usage, the counting unit 
must impart an absolute minimum of drag, or shock load, to 
the driving members. 

A conventional, low-speed counter, operating with an inter- 
mittent motion, builds up momentary shock loads during nor- 
mal cycling, as can be seen in the graphic illustration a t  X, Fig. 
18. As the operating speed of this type counter increases, so 
does the acceleration and, as a consequence, the load. This in- 
creased load is dissipated in the form of either elastic or plastic 

FIG. 18. Load distribution of conventional counter X as wmpared to the 
load distribution Y of the high-speed counter. 

Frc. 19. Spring-loaded wheel J jumps forward one number for each com- 
plete revolution of wheel A. 

deformation of the counter mechanism. Even if the preferable 
case of elastic deformation should result, the driving mechanism 
to which the counter is attached is liable to suffer from the shock 
of being momentarily halted or rapidly decelerated. 

To overcome these problems associated with high-speed oper- 
ation, ranging up to 12,000 R.P.M. and with a load of approxi- 
mately 1 ounce-inch, the counter mechanism described was 
developed. Wheel A, which can be seen in the diagrammatic 
representation of the counter, Fig. 19, is keyed to input shaft 
B, thereby making one complete revolution for each made by 
the shaft. Gear C, which rotates independently of the input 
shaft, is driven a t  one-tenth the speed of wheel A by the action 
of reduction gears D, E, and F. 

Pin G, projecting from the hub of gear C, and pin H, pro- 
jecting from the bottom of a recess in wheel J ,  engage the bent 
ends of spiral spring K. As gear C rotates, wheel J tends to 
rotate in unison through the spiral spring linkage. However, 
movement of wheel J is prevented by pawl lever L which engages 
a tooth of ratchet wheel M. The ratchet wheel is attached to 
the counter wheel. While in this position, energy necessary to 
t u n  wheel J is being built up in a potential form in spring K. 
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A small ball bearing N is mounted on the left-hand face of 
wheel A. Once during each revolution of this wheel, the ball 
bearing contacts pawl lever L, depressing it momentarily. This 
frees wheel J ,  which then rotates one-tenth of a revolution under 
the influence of the spiral spring, until its movement is once 
again arrested by the engagement of the pawl lever with the 
ratchet wheel. In this way, a comparatively even load distribu- 
tion, as shown graphically a t  Y in Fig. 18, is obtained. This 
advantage is not lost under high-speed operating conditions. 

Normally, there is no difficulty in reading the numbers when 
the mechanism is operating in its proper direction, as all num- 
bers except those on wheel A snap into view the instant "9" of 
the preceding wheel changes to "0." If the counter is operated 
in the reverse direction, however, the numbers will no longer 
swing into position but will move continually. At higher speeds 
the numbers on wheel A are no longer readable. A small weight 
0, attached to the pawl lever, retards return of the pawl to the 
ratchet wheel, thereby smoothing out the movement of wheel 
J. I t  is then possible for the operator to satisfactorily inter- 
polate the readings of this wheel. 

Multiple-Revolution Ratchet Movement 

Generally, a ratchet movement is limited to a partial revolu- 
tion of the driven shaft, since the rotation of the oscillating 
lever which carries the pawl is necessarily restricted in order to 
avoid a dead-center effect. The device shown in Fig. 20, how- 
ever, incorporates an epicyclic gear train to produce multiple 
revolutions of the driven shaft with only a conventional magni- 
tude of oscillation of the driving lever. 

Gear A and a ratchet wheel B are both mounted and keyed to 
the driven shaft C. An oscillating lever D pivots on shaft C 
and carries two gears E and F. These gears are keyed together 
to rotate as a unit on stud G. Gear F rotate in mesh with gear 
A, and gear E with an internal gear H, which is free to rotate 
on shaft C. A pawl J engages with the teeth of ratchet wheel 
B, preventing rotation of the shaft in a clockwise direction. 
Another pawl, member K, engages ratchet teeth on the periphery 

FIG. 20. Ratchet movement that can produce a number of revolutions of 
the output shaft with each working stroke. 

of a ring secured to left side of gear H, preventing counterclock- 
wise rotation. Both pawls are mounted on a stationary part of 
the machine and springs L hold them in contact with the ratchet 
teeth. 

In the position illustrated, the mechanism is a t  the beginning 
of its cycle. Reciprocating rod M, which furnishes the operating 
power, moves lever D to the left until it occupies a position cen- 
tered on line X-X. As the lever swings to the left, internal gear 
H is prevented from rotation in the same direction by pawl K, 
and gear E, being in mesh with the internal gear, is caused to 
rotate clockwise. Gear F rotates with gear E as a unit produc- 
ing a counterclockwise rotation of both gear A and shaft C. On 
the return stroke of lever D, clockwise movement of the shaft is 
prevented by pawl J which engages a tooth in the ratchet wheel 
B. Since both ratchet wheel B and gear A are keyed to the shaft 
and held stationary, the motion of rod D is transmitted through 
gears A, F, and E, to produce a clockwise rotation of the internal 
gear. Thus, by locking gear H, motion is transmitted to the 
shaft, and by locking the shaft in the reverse direction, motion is 



76 INTERMITTENT MOTIONS - RATCHET AND GENEVA 

transmitted to gear H. No useful work is performed during the 
return stroke as the shaft remains at rest during this portion 
of the cycle. 

The number of revolutions of the output shaft is a function of 
the gear ratio and the stroke of lever D. Ratio of the epicyclic 
gear train R can be obtained by the equation: 

F x H  R = l + -  
E x A  

where A, E, F, and H are the number of teeth or the pitch 
diameter of gears A, E, F, and H, respectively. Multiplication 
of this ratio by the magnitude of the stroke, in degrees, divided 
by 360 will give the number of revolutions of the shaft for each 
stroke. In the arrangement shown, the ratio of the pitch diam- 
eter or gear H to gear E is 4 to 1 and that of gear F to gear A is 

or 9. Since the stroke 2 to 1. The ratio R is, therefore, 1 + - 
1 X 1 

90 is 90 degrees, the shaft will evolve 9 X - or 2% times in a 
360 

working stroke. 

Two-Speed Double-Action 
Ratchet Mechanism 

A ratchet mechanism had to be designed to move a conveyor 
belt intermittently so as to carry two parts of an assembly to 
a number of assembly stations. The two parts vary considerably 
in size, and so the conveyor belt had to be given a certain 
movement for the placement of one part and a greater move- 
ment for placing the larger part. The mechanism operates the 
conveyor belt in one direction during two oscillations of a lever 
and alternately imparts long and short movements to deliver the 
assembly parts. 

In Fig. 21, shaft A, which operates the conveyor belt, carries 
gear B and ratchet wheel C, both of which are keyed to it. 
Ratchet wheel D is free on shaft A. Internal ring gear E is fas- 
tened to this ratchet wheel. Bracket F, attached to a stationary 
part of the machine, carries a short rod on which pinion G 
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FIG. 21. Ratchet mechaniem designed for imparting two rotations of dif- 
ferent amounts in the same direction. 

rotates freely, meshing with gear B and ring gear E. Ratchet 
wheel D has a hub on its inner face, on which lever H is free to 
oscillate. Attached to this lever is pawl J, which engages the 
teeth of ratchet wheel C, and pawl I, which engages the teeth 
of ratchet wheel D. 

When lever H is moved in the direction indicated by the 
arrow in the right-hand view, the long stroke is made which 
produces the longer movement of the conveyor belt. Pawl I 
turns ratchet wheel D in the direction indicated, and the motion 
is transmitted to shaft A in the reverse direction through ring 
gear E, pinion G, and gear B. As the ratio of the tooth count 
between gear B and ring gear E is 2 to 1, the angular rotation 
of gear B is twice that of lever H. I t  wil l  be noted that during 
this portion of the cycle, the rotation of ratchet wheel C is in the 
reverse direction to  that of ratchet wheel D ao that pawl J can- 
not engage. 
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When the movement of lever H is in the reverse direction, 
pawl J engages the teeth of ratchet wheel C, and transmits its 
motion directly to shaft A. During this portion of the cycle, 
ratchet wheel D will rotate in the opposite direction but, being 
free on shaft A, takes no part in transmitting motion. 

Blocking Device for a 
Geneva Wheel 

In one particular driving mechanism employing a Geneva 
wheel, i t  was found that the wheel was not sufficiently locked. 
It frequently occurred that the moment pin A, shown a t  Z in 
Fig. 22, cIeared the slot in Geneva wheel B, a reverse movement 
would take place. This was due to a reactive force in the ma- 

Frc. !22. Geared auxiliary blocking aegment prevenb reverse movement 
of Geneva wheel. 

chine being driven from shaft C. The reverse movement was un- 
checked because blocking flange D is effective in one direction 
only. 

The improved Geneva mechanism shown at X and Y, incor- 
porating a reverse-motion stop, has been designed to eliminate 
this condition. Shaft E, which drives the machine, is fitted with 
a six-station Geneva wheel F. Driving wheel G, having a con- 
ventional blocking flange H and drive-pin J, is screwed and 
doweled to spur gear K. Meshing with this gear is a similar spur 
gear L on which is located a crescent-shaped reverse-motion stop 
M. 

At X is shown the position of the components a t  the instant 
the Geneva wheel has been indexed one station. As drive-pin J 
leaves the slot, wheel F is blocked in the forward direction by a 
portion of flange H. The wheel is also blocked in the reverse 
direction by reverse-motion stop M. 

The position of the components as the Geneva wheel is 
about to be indexed another station is shown a t  Y. Drive-pin J 
enters the appropriate slot in wheel F just as crescent-shaped 
stop M is disengaged from the wheel. Due to its shape, stop M 
disengages a t  a rate that will not impede the forward motion of 
the Geneva wheel, thus permitting smooth functioning of the 
mechanism. 

Ratchet and Two Pawls Control 
Movement of Indexing Fixture 

Ratchet-controlled positioning and an expanding, work-hold- 
ing stub-arbor are two features of the unique indexing fixture 
shown in Fig. 23. From two to eighteen indexing positions can 
be obtained, depending on the number of notches in ratchet 
plate A. 

In this fixture the work-piece is gripped internally on an 
expanding stub-arbor B, shown in the enlarged section X-X. 
The projecting portion of the arbor has three radial slots, giving 
it the action of a collet. Knob C is prevented from turning on 
shaft D by a full-dog set-screw. The dog point of the set-screw 
has a sliding fit in a keyway machined in the shaft. When the 
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I 
I 1  

X J  i, a ~ c  r/cw X- x 

FIG. 23. Indexing 6xture functions around the action of a notched-plate 
type ratchet wheel and two pawle - one driving and one locking. 

knob is turned, the threaded end of tapered plug E is drawn into 
the shaft, causing the arbor to expand. Shaft D is restrained 
from sliding by dowel-pins R. 

The work-piece illustrated is located through a hole in ita 
flange by means of a diamond type locating pin F. This pin k 
pressed into the flanged face of rotating housing G - the entire 
subassembly being contained within fixture base H. The com- 
plete indexing mechanism is located between moving cover J and 
stationary plate K, and functions in the following manner. 

Indexing of the work-piece is effected by movement of lever L. 
Pawl M rides on shoulder-stud N which, in turn, is locked to 
the enclosed part of lever L by a cone-point set-screw (Section 
X-X). Cover J also is locked to this shoulder-stud by means of 
a flat-head machine screw as shown. 
When the lever is moved to the left, pawl M is disengaged from 

its notch in ratchet plate A and slides over to the next notch. 
Flat spring 0 is brazed to the pawl at one end and backed up 
by a pin a t  the other end to maintain downward pressure on 
the pawl at all times. 

During this initial thrust of lever L, the ratchet plate ie pre- 
vented from rotating by a tooth on the lower, spring-loaded pawl 
P. Howwer, as the lever moves to the left, a cam surface Q a t  
the lower end of the lever gradually disengages pawl P. Complete 

disengagement is timed to occur when pawl M drops into the 
next notch in the ratchet plate. 

At this point, returning the lever to its original position will 
cause the ratchet plate to rotate clockwise a distance equal to 
the space between two adjacent notches. This indexing move- 
ment is imparted to housing G by two long dowel-pins R that 
connect the housing to the ratchet plate. As the lever moves 
to the right, the receding slope of cam surface Q permits spring- 
loaded pawl P to re-enter a notch in the ratchet plate, thus 
securing the new position of the work-piece. 

After machining operations on the piece have been completed, 
it is released by first backing off knob C to relieve the ex- 
pansive forces on stub-arbor B. Then, by striking the knob, 
ejector-pins S will move to the right and drive the work- 
piece off the arbor. Altering the number of index positions 
handled by this fixture would necessitate the replacement of 
ratchet plate A for one with the appropriate number of notches, 
and lever L for one with a modified cam surface Q that will effect 
engagement and disengagement of the lower pawl a t  the proper 
moment. 

Half Revolution Geneva Mechanism 
Three slots are the minimum number that can be used in 

the conventional type of Geneva mechanism. Or in terms of 
motion, 120 degrees is the greatest possible angle of rotation of 
the driven member for each revolution of the driver. It is for 
this reason that many designers resort to other mechanisms 
when 180 degrees of intermittent rotation is required of the 
driven member. For some applications, however, it is possible 
to use a modified form of the conventional Geneva mechanism, 
of the type shown in Fig. 24, so that the necessary half-revolu- 
tion is obtained. 

In Fig. 24, driver A is a circular disc to which pin c is bolted. 
For better performance a roller on a sleeve or an anti-friction 
bearing, instead of the pin, which is shown for simplicity, should 
be used. A segment d on driver A serves to lock wheel B in 
position during the idle period of the cycle. 



82 INTERMITTENT MOTIONS - RATCHET AND GENEVA 

I 

FIG. 24. Diagram of half-revolution Geneva mechanism ehowing driving 
pin about to enter slot in driven member. 

Wheel B has two V-shaped slots. When the wheel is in the 
idle position, the center line of one leg of each slot is tangential 
to the circular path of the roller, as shown. Mounted on wheel 
B are two spring-loaded dogs e, one in each of the V-slob. These 
dogs have beveled tops, and, under pressure of driving pin c, are 
forced into a recess in the V-groove so that the pin may paw 
over them. 

When driver A rotates, pin c enters the slot which lies in its 
path, and begins to turn wheel B. Also, at  this point, the 
segment d passes the center line, leaving the wheel free to rotate 
as the pin continues to enter the slot. Approaching the center 
of the V-slot, the pin passes over dog e, pressing it down as it 
passes. In Fig. 25 is shown the position of the mechanism when 
pin c has reached the bottom of the V-slot. In this position the 
pin has passed over the dog and the dog has been returned to 
its initial extended position by the force exerted through spring 
f ,  shown in section a-a, Fig. 24. 

When the pin is rotated further, it presses against the vertical 
side of the dog, which now forms an extension of the side of the 
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F'Ic. 25. When the driven wheel baa beem rotated 90 degrees, cu, &own, 
the driving pin has prureed over the dog and is at the bottom of the V-slot. 

\ 

ENGAGEMENT 

Fm. 28. The comet proportiom for the Geneva mechanism involve aim- 
ple geometric mnaiderationa. 
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V-slot. In practice, the sides of the slot exposed to the pressure 
of the pin are lined with a hard material whlch can be replaced 
when i t  becomea worn. These linings are shown as heavy lines 
marked g in Fig. 24. 

As shown in Fig. 26, the lay-out of the mechanism may be 
considered in terms of a simple problem in geometry, namely: 
Given the centers of the driving and driven wheels, C1 and C2, 
find a point X on the center line ClC2 such that CIXl = CIX, 
C2X2 = C2X, and X,X2 is perpendicular to C2X2. If these 
conditions are satisfied, the driving pin will enter the V-slot 
tangentially, which is the most favorable condition, and it will 
be at the bottom of the V-slot when the driven member has been 
turned through 90 degrees. 

FIG. 27. Simplified lay-out of the mechanism illustrated in Fig. 24, which 
ie employed to determine ib proportions. 

In Fig. 27, the basic geometric form shown in Fig. 26 ha8 been 
redrawn with two auxiliary lines added. From the illustration, 

I0 i dl 

Substituting in Equation (1) the value of c from Equation (2), 
and simplifying, 

a 

This last equation suggests the graphical method shown in 
Fig. 28 as a means of finding length al in Fig. 27. Instead of thh  
graphical solution, however, an analytical method may be used: 
Since b = a cos a and d = a sin a, these values for b and d may be 

/ 
/' [): / / / / / / , / // , / / // 

/ , 
/ , , 

/ 

/ 

/ /  , , 

FIG. 28. Graphical method of determining length a1 shown in Fig. n. 
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substituted in Equation (3) to obtain Equation (4) : 

a1 - - -  1 - cos a 

a 1 + sin a 

Table 1 i~ a tabulation of 
1 - cos a for use in Equation (4), 
1 + sin a 

and covers angles from 30 to 60 degrees. From general design 
considerations, an angle a = 45 degrees is best. 

Table 1. Values of (1 - cos al/( l  + sin a) 
Corresponding to Various Values of a 

The angular displacement, angular velocity, and angular accel- 
eration of modified Geneva mechanisms having 60-, 90-, and 
120-degree engagement angles are shown in Figs. 29, 30, and 31. 
The velocity and acceleration curves for each of these mecha- 
nisms are based on the driving member having a uniform angular 
velocity of 1 radian per second (9.55 rpm). The velocity 
curves shown were obtained by graphical differentiation of the 
displacement curves, and the acceleration curves by graphical 
differentiation of the velocity curves, since the equations in- 
volved in an analytical solution were not easy to handle. 
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a, Degreee 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

F'IQ. 29. Dieplacement. velocity, and acceleration diagrams for a half- 
revolution Geneva mechanism having an engagement angle of 60 degrees. 

a,  Degreea 

46 
47 
48 
49 
50 
5 1 
52 
53 
54 
55 
56 
57 
58 
59 
60 

1 - cos a -- 
1 + ain a 

0.08931 
0.09427 
0.09932 
0.10445 
0.10964 
0.11493 
0.12028 
0.12571 
0.13121 
0.13677 
0.14242 
0.14812 
0.15389 - 
0.15972 
0.16561 
0.17157 

1 - m a  -- 
1 + sin a 

0.17759 
0.18367 
0.18981 
0.19601 
0.20227 
0.20858 
0.21495 
0.22138 
0.22786 
0.2344 1 
0.24101 
0.24766 
0.2.5436 
0.261 13 
0.26795 
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Fro. 30. Dieplacement, velocity, and acceleration diagrams for a half- 
revolution Geneva mechanism having a 90degree engagement -la 

ha. 31. Dieplacement, velocity, and acceleration diagrama for a half-rev- 
olution Genwa mechanism having an engagement angle of 120 degreea. 
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The displacement curves have a slight "bend" near the center 
position which is responsible for two maximums and a minimum 
in the velocity curves near the center position. The "hump" in 
the velocity curves decreases with the engagement angle, and 
disappears entirely when the latter is 60 degrees. In  practice, 
this change in velocity occurring over a very short portion of 
the cycle will cause some roughness in the operation of the 
mechanism around the center position. 
The curves also show that the maximum velocity of the driven 

member, for angles of engagement greater than 60 degrees, is 
not achieved a t  the center position. The angular velocity in the 
center position equals a p  /al which value is [ ( 1 + sin a )  / ( 1 - 
cos a )  ] - 1. Table 2 gives values of these velocities for a number 
of engagement angles from 60 to 120 degrees. 

Table 2. Angular Velocity of Driven Member in Center Position 
Based on 1 Radian per Second Angular Velocity of Driver 

The velocity and acceleration curves in Figs. 29, 30, and 31 
may be used to obtain the velocity and acceleration values for 

Angle of Velocity, 1 1 ;  Angleof 1 Velocity. 
Engagement, Radians per I '  Engaament, 1 Radians per 

Degrees 1 Second Degrees Second 
I 

N revolutions per minute of the  driving member by multiplying 

the ordinates on these curves by (ir -- ) and  ($)1 , respectively. 

60 
62 
64 
66 
68 
70 
72 
74 
76 

Ninety Indexes per Minute 
Simple in design, the high-speed indexing mechanism illustrated 

in Fig. 32 is designed for rotary type transfer machine applica- 

- -  -- I 4.6309 
9.6078 I 4.4445 
9 . W  4.2684 
8.5739 i ; 98 4.1017 
8.1207 
7.7009 1 102 3.7943 
7.3139 
6.9548 il 106 3.5171 
6.6213 

I! 108 / 3.3886 

F'IG. 32. Driven roller indexes Geneva wheel which r o t a h  the index 
plate at a slower rate through reducing gears. 

78 6.31 15 3.2660 
6.0214 ::: 1 3.1492 

82 5.7512 114 I 3.0377 
5.4981 116 2.9314 
5.2609 118 ' 2.8295 
5.0382 i 120 , 2.7320 

90 4.8285 1 1  
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tions in which the index plate and the driveshaft are concentric. 
This arrangement permits tool slides a t  any or all stations to be 
actuated from cams mounted on the driveshaft. Each revolution 
of the driveshaft indexes or cycles the machine to  the next sta- 
tion. Operational speeds up to ninety or more indexings per 
minute can be achieved. 

Indexing is in a period equal to one-quarter of the total cycle 
time for each station regardless of the number of stations. 

While this design can be readily adapted for light machining, 
stamping, assembly and inspection operations, i t  was first used 
on an inspection machine. In the original equipment, the part 
to be inspected is hopper fed and automatically loaded, gaged, 
rotated, gaged, rotated and gaged again in six consecutive sta- 
tions. Ejection occurs a t  either of the four remaining stations 
depending on the results of gaging. All operations are actuated 
by three cams mounted on the driveshaft. 

A front view of the original mechanism is shown with part of 
the index plate cut away in the upper drawing on the facing 
page. The Geneva drive is seen after having just completed an 
indexing movement. The lower drawing shows the drive a t  
exactly its midpoint in the indexing motion. 

All machine functions center around the driveshaft, on which 
any number of cams can be mounted. Keyed to  this shaft, the 
Geneva driving member moves the driven Geneva wheel through 
a 90-deg. arc in 90 deg. of its own travel. The concentric diam- 
eter of the driver and the concave cutouts in the driven member 
mesh as shown to locate the Geneva wheel radially during the 
remainder of the machine cycle time a t  each station. 

A pinion, concentrically mounted on the Geneva wheel with 
screws and dowels, meshes with a gear similarly attached to the 
index plate. The index plate and gear are mounted on the drive- 
shaft by means of a single sleeve bearing. 

In the original machine, the pinion has 28 teeth and the gear 
has 70 teeth. As a result, the index plate rotates 36 deg. with 
every 90-deg. movement of the Geneva wheel. Suitable gears 
could, of course, be selected to produce the angular rotation 
necessary for the other members of index plate stations. 

Sleeve bearings and the Geneva drive provided sufficient radial 
accuracy for the purpose of the original machine. Needle roller 
bearings and an auxiliary shot bolt operated from a cam on the 
driveshaft could yield greater positioning accuracy. 
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CHAPTER 4 

Overload, Tripping, and Stop Mechanisms 

Mechanisms which automatically operate to stop an operation 
when overload occurs, to trip and start a new sequence or opera- 
tion when a certain position or part of a cycle is reached, or 
to bring an operation to a halt at  the end of a given cycle or 
when a given amount of motion has occurred, are described in 
this chapter. Other mechanisms performing similar functions 
are described in Volumes I,  I1 and I11 of "Ingenious Mecha- 
nisms for Designers and Inventors." 

Shock Absorber for a 
Rotating Shaft 

Shock loads are isolated from the driving gears by the mech- 
anism shown in Fig. 1. Driving gear C rotates gear B which has 
a slide fit over shaft A. Stud D which is rotatably attached to 
B transmits motion to collars H which in turn transmit motion 
to shaft A through compression springs G' and G and bracket E. 
Springs G' and G are located over rods F' and F which can slide 
in retaining holes in bracket E. Collars H retain the spring. 

Should shaft A receive a shock, bracket E will be caused to 
rotate with respect to gear B and one or the other spring will 
be compressed. As the springs transmit the motion, the force 
of the shock will be limited. 

An Overload Slipping Ball-Clutch 
The diagrams in Fig. 2 show the effective design, construction 

and operation features of an adjustable slipping type of ball- 
clutch, which was successfully incorporated in the original drive 

94 

FIG. 1. The mechanism is able to isolate ahock Ioada from the gearing 
without interfering with the over-all timing of the shaft. 

transmission of a machine to safeguard the driven elementa 
against overloading. The clutch was required to replace an 
existing positive chain-sprocket type clutch for transmitting the 
drive between two shafta mounted in axial alignment with each 
other. 

Fro. 2. Contain4 balls I are preased by spring J inta notches in a flange 
of gear D. Tension ia adjusted by rotating nut A4 which shift9 pert K. 
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The new clutch had to be easily adjusted to transmit a range 
of different torques and also for setting to slip a t  various pre- 
determined loads, which varied within wide limits according to 
the particular operation carried out on the machine. I t  was also 
essential for the clutch to be an entirely self-contained and 
compact unit so that it could be preset on a special fixture to 
slip at  a given load, before installing the unit in the machine. 
The clutch had to operate with equal facility and efficiency in 
either direction of rotation, at  different speeds, and to accommo- 
date itself for slight axial floating movements of the driven 
shaft. 

Referring to Fig. 2, A is the main shaft and is mounted in the 
horizontal bearing B. I t  is driven a t  different forward and re- 
verse speeds by the train gear C meshing with pinion D keyed 
and permanently secured to the shouldered end of the shaft. The 
right-hand side of the pinion has an integral flange E which is 
slightly hollowed out on its end face to leave a narrow annular 
band a t  the periphery. A series of radial vee shape serrations, 
F, of identical size and shape and at equal pitch spacings apart, 
is milled across the annular band as shown. 

In the illustrated example, the sides of the serrations are 
inclined 37% degrees relative to the centre axis of the pinion 
that is, with an included angle of 75 degrees. This important 
dimension can, of course, be varied within certain limits in ac- 
cordance with the load to be transmitted and the magnitude of 
the overload a t  which tke clutch is required to slip. The size of 
the serrations is also determined by the diameter of the driving 
balls engaging therein. 

The cylindrical case-hardened steel body G of the ball clutch 
is keyed to the driven shaft H, but it is made slightly longer 
than the shouldered end of that member so that the short, 
smaller diameter concentric portion of its bore is a slip fit over 
the adjoining end of shaft A projecting beyond the pinion D, as 
shown. The purpose of this arrangement is to maintain the body 
of the clutch perfectly concentric with the pinion for ensuring 
the smooth and accurate engagement of the balls in the pinion 
serrations. The left-hand end of the body is recessed a small 

depth to admit the serrated portion of flange E, the outside 
diameter of which has a tight clearance fit in the recess. This 
overlapping part of the body serves to enclose the serrations and 
prevents the ingress of dirt and cuttings. 

With this particular example, eight hardened and ground 
steel balls, I, are employed, each being fitted closely in a drilled 
and reamed hole passing axially through the body. The holes 
are spaced exactly 45 degrees apart around the same pitch 
circle, the diameter of which is equal to the pitch diameter of 
the serrations in the annular band of the flange E, thus the balls 
are disposed radially so as to engage centrally in the width of 
the serrations, as shown in the half-section diagram. The num- 
ber and diameter of balls may be varied to  suit loading require- 
ments. A stiff coil spring J is interposed in each hole behind 
the ball and backing against the hardened steel plunger K fitted 
in the opposite end of the hole. All the plungers are the same 
overall length, and the conical portion L normally projects about 
% inch beyond the body. The end face of each plunger is 
slightly domed and well polished after hardening. 

The right-hand end of the body is reduced in diameter and 
threaded to receive the hardened steel sleeve M of the same 
outside diameter as the front end of the body. The sleeve is 
deeply bored a t  one side to be a close fit over the reduced 
portion N ground on the outside of the body. By fitting the 
sleeve over the body a t  that point its correct and accurate loca- 
tion relative to the body is not determined by the fit in the 
threads. The eight plungers bear simultaneously against the 
inner left-hand face of the sleeve; thus as that member is ad- 
justed longitudinally, all the springs J will be compmed  or 
expanded the same amount. A smaller threaded ring 0 is also 
screwed on the body behind the sleeve for locking the latter 
member in any desired setting. 

One of the main disadvantages of ordinary type ball-clutches 
is that when the driving and driven elements are separated, the 
balls can move completely out of the body of the clutch, and 
for that reason they generally cannot be preset on the bench 
or in a fixture, since there is no easy means available for holding 
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the spring-loaded balls in the correct operating position. With 
the design of clutch described, this limitation is eliminated in a 
simple yet effective way. 

Before machining the shallow recess in the left-hand side of 
the body, the eight axial holes for receiving the balls and spring 
were drilled, starting in from the right-hand end of the body 
and extending to a carefully predetermined depth, namely, to 
within about % inch of breaking through the opposite end. The 
recess was then bored to a controlled depth to ensure breaking 
into the eight holes a certain amount so as to leave the small 
lips P as shown in the half-sectioned view. When the balls 
correctly mesh in the serrations for driving purposes, the lips P 
are approximately 1/32 inch clear of the balls, thus allowing them 
to make full contact. As the body is moved axially away from 
the pinion, a very small amount, each ball is pressed against 
the lips and thus cannot move farther out of the body, which 
member can then be removed without fear of displacing or losing 
the balls and springs. 

To set the removed body for slipping at a different overload, 
it is simply mounted on a keyed plug fastened in a fixture and 
sleeve M is adjusted in the appropriate direction, during which 
the balls will remain pressed against the lips P; thus the setting 
operation is simple, rapid and reliable. 

To meet another application, this design of ball-clutch was 
slightly modified for transmitting the drive between two shafts 
in conditions where the driven shaft was required to operate 
for certain periods in a slightly axial off-set relationship to the 
driving shaft. The amount of eccentricity of the shafts varied 
from zero to 0.050 inch. This requirement prevented the use of 
any type of rigid clutch or one employing a chain and sprockets. 

The modification consisted of shortening the overall length 
of the clutch body to equal that of the shouldered end of the 
driven shaft on which it was to be fitted. That eliminated the 
short, smaller diameter bearing portion a t  the left-hand end 
of the body for fitting over the end of the driving shaft. The 
shallow recess in that end of the body was also machined suit- 

ably larger than the diameter of flange E t o  allow for the above- 
mentioned degree of off-setting. 

Safety Devices Protect Slides 
Against Overloads 

In the design of a machine, i t  may be important to protect 
a slide and its elements against excessive overloads. Where the 
slide is driven from an oscillating shaft, either of the two safety 
devices illustrated in Figs. 3 and 4 proves highly satisfactory. 
For clarity, the slides themselves have been omitted from each 
illustration. 

In Fig. 3, the movement of the slide, connected to the right 
end of link A, is transmitted from an oscillating drive-shaft B 
through a lever C. Lever C swings in an arc, an equal distance 
to each side of vertical. The lever and link are joined by a pin 

FIG. 3. The original path of transmission through this safety device is 
resumed automatically when the overload has been removed. 
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FIG. 4. This mfety device can be used where a stud projecting above the 
links would be impractical. 

D which passes through close-fitting holes in the end of the lever 
and in a bushing E located in a slot F in the link. A collar G 
is doweled to the protruding end of the pin, keeping the bushing 
in position. 

The pin also passes through a hole in the left-hand end of a 
second link H. This link is shorter and somewhat narrower than 
link A. Also, its right half is further reduced in width, and has 
a fine-pitch tooth rack machined out. The teeth have a 45- 
degree side angle and engage mating teeth cut along the upper 
edge of a rectangular block J. This block is thicker than link 
H so that it can be registered in a shallow depression in the face 
of link A to which it is secured by a set-screw K. 

Welded to the top edge of link A is a hollow stud L. A detent 
M in the bottom of the stud has two flat surfaces fitting a 
tapered slot cut across the top edge of link H. The top of the 
stud is tapped to receive an adjusting screw N. A bliid hole in 
this screw contains a spring 0 which forces the detent to re- 
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main in the slot, thus keeping the tooth rack and block in 
engagement. Within the stud, a key P prevents the detent 
from rotating. 

In the normal operation of the slide, there is no independent 
travel of the bushing E in the slot F. Instead, the path of 
transmission from lever C to the slide is through link H and 
block J to link A. Should the slide become overloaded, further 
movement of lever C and link H in either direction will raise 
the detent out of the channel, and the tooth rack will dis- 
engage block J. 

Lever C and link H are then free t o  continue their move- 
ments, with the bushing E now traveling back and forth in the 
slot F. (The length of the slot is made slightly more than the 
stroke of the slide.) Since no movement is transmitted to link 
A, the slide is protected. 

Once the overload is removed, the original path of transmis- 
sion is resumed automatically. Adjusting screw N is pre-set to 
have spring 0 impart just enough pressure to permit the detent 
to be raised a t  a specified amount of overload. A jam nut R 
maintains the setting of adjusting screw N. 

The safety device shown in Fig. 4 can be used where, because 
of space limitations, a stud cannot be located over link A. Here, 
link A, drive-shaft B, lever C, pin D, bushing E, slot F, and 
collar G are the same as their counterparts in Fig. 3, and sim- 
ilarly identified. 

The left end of link S (corresponding to link H, Fig. 3) f i t s  
over pin D. The upper edge of link S tapers to the right, and 
also forms a 90-degree vee around a hardened pin T pressed 
into the face of link A. A third link U, also fitting over pin D, is 
considerably longer than link S, and has an integral block V 
a t  its right-hand end. The back of this block straddles the 
upper and lower edges of link A. 

A plunger W, contained in a hole in the block, has a 45- 
degree point, matching a 45-degree slope on the end of link S. 
A spring X, which is retained by a cover plate Y, causes the 
plunger to exert a pressure contact against link S so that the 
sides of the vee normally bear on pin T. 
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In operation, the path of transmission from lever C to the 
slide is through link S and pin T to link A. Should the slide 
become overloaded, the resistance of A, acting through I pushes 
S down and temporarily pushes W. 

Lever C and link S are then free to continue their movements, 
with the bushing E now traveling back and forth in the slot F. 
No movement is transmitted to link A. But unlike the first 
device, the original path of transmission here is not resumed 
automatically once the overload is removed. Instead, the 
knurled knob Z on the end of the plunger shaft must be pulled 
out while lever S is raised to position. The rear of the knob 
is milled flat in order to clear link A and keep the plunger point 
in alignment with the slope on the end of link S. 

Safety Overload Mechanism Permits Adjustable Dwell 
on Reciprocating Drive 

Instant, safe, and automatic disengagement of the drive for 
a reciprocating machine slide when subjected to excessive load 
is obtained by means of the mechanism illustrated. A useful 
feature of this safety overload mechanism is that the period 
of dwell at  each end of the reciprocating stroke can be varied 
by a simple adjustment. Also, the drive is instantaneously and 
automatically re-engaged when the overload has been removed. 
The mechanism is smooth and quiet in operation. 

Driving lever A (see Fig. 5), which is fastened a t  its lower end 
to an oscillating shaft (not shown), swings through a constant 
arc. The upper end of the lever is bored to be a free swiveling fit 
on the cylindrical boss B of bracket C. Collar D is pinned to the 
boss to retain the lever without binding. The rectangular body 
of bracket C is slotted to hold rectangular sliding member F. 
Slide F is retained in the slot by a plate G, which is secured to 
the body by four screws. 

Connecting rod H can slide through a hole in F for a distance 
determined by the positions of lock-nuts J .  The length of dwell 
varies with slide distance. The end of the connecting-rod is 
attached to the reciprocating slide of the machine (not shown) 
by shaft K. 
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FIG. 5. The drive from oscillating lever A to a reciprocating machine 
elide which is attached to shaft K ia disengaged by a apring-loaded plunger 

L when overloads are applied to the elide. 

Slide F is connected to bracket C by a spring-loaded plunger 
L, the tapered now of which fits into a V-notch machined 
across the slide. The plunger is a sliding fit within a boss on 
top of the bracket. I t  is prevented from rotating by a dog-point 
eet-screw M which enters a shallow keyway N cut along the 
elide of the plunger. Spring 0 is seated in a blind hole in the 
plunger, and retained by a knurled-head adjusting screw P, 
which engages a threaded hole in the bracket boss. Screw P is 
held in any desired setting by lock-nut Q. 

In operation, slide F and connecting-rod H move with driving 
lever A, thus reciprocating the machine elide. However, when 
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additional resistance is offered to the horizontal movement of the 
machine slide - whether on its forward or return stroke - the 
plunger L will be forced out of the notch in slide F, thus disen- 
gaging the drive. When the overload is removed, the plunger will 
snap into the notch again, and the drive will be re-engaged. 

By varying the compression of the spring, which is accom- 
plished by screwing P into or out of bracket C, the point of 
loading a t  which the drive will be disengaged can be changed. 
Also, a heavier or a lighter spring can be used to suit require- 
men ts. 

Device Reduces Initial Acceleration of 
Flying Shear - Shockless Startup of Inertia 

A device designed to reduce the force necessary to set a flying 
shear in motion is shown in Fig. 6. In practice, flying shears 
employed on cold-roll forming machines may be actuated by 
any of several methods. One arrangement that results in accu- 
rate cutting-to-length of the roll-formed sections allows the 
shearing mechanism to be started and pulled by the rolled strip. 
In many cases, however, the strip does not have sufficient stiff- 
ness to overcome the inertia of the shear without buckling. By 
permitting acceleration to occur over a longer period, the mech- 
anism shown in the illustration decreases the initial force re- 
quired to bring the shear up to the speed of the strip and, there- 
by, reduces the tendency of the strip to buckle. 

The mechanism is arranged as follows: A light flag, or lever, 
mounted on a track a t  the outgoing end of the strip runout 
table, is connected to the flying shear A by a cable to a hinged 
lever B, see Fig, 6. This lever, in turn, is attached to a second 
lever C. As the roll-formed section starts the flag moving, a 
roller D, mounted on lever C, pushes against a bar E attached 
to the machine base. This setup will gradually accelerate the 
shear carriage, which is mounted on rollers or on machine ways. 
The shearing mechanism is pneumatically or hydraulically oper- 
ated to sever the rolled strip. 

When lever C reaches the vertical position, it comes into con- 
tact with a stop and the roller leaves bar E. The shear camage 

FIG. 6. Device that reducee the initial force necemary to accelerate a 
flying shear. When lever B reaches a horizontal position the shear A 

and the strip are moving at the same speed. 

has then been accelerated to the same speed as the moving strip 
and is being pulled by it. At this point, the shearing mechanism 
is immediately actuated by a micro switch and the flag is 
triggered, releasing it from the end of the strip. A spring re- 
turns the shear to the starting position and the cycle is repeated. 
Lengths of the lever arms may be varied to suit the acceleration 
required. 

Springs Cushion Shock Loads 
in Gear Drive 

Shock loading of a gear train in either direction can be 
greatly reduced with the arrangement shown in Fig. 7. The 
mechanism features a drive that operatee under increasing spring 
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p- 

FIG. 7. Gear drive that employs springs to cushion the effects of shock 
loading in either direction. 

pressure as greater angular displacement or slippage occurs be- 
tween the driving and the driven shafts. 

A square thread is machined into the bore of gear A to fit a 
threaded sleeve B, which is press-fitted on shaft C. A short 
compression spring D, gear A, and a second similar spring E 
are mounted on the sleeve in that order. This assembly is held 
together by a stop-collar F, which is pinned in place on the 
sleeve, the pin passing through the collar, the sleeve, and the 
shaft. 

The pinion G, which is mounted on shaft H, should be made 
wide enough to insure full tooth contact with gear A as it moves 
to either the right or the left. To prevent excessive lateral move- 
ment of gear A, the springs should be under compression 
when i t  is centered on the pinion. The springs should be heavy 
enough to prevent the shock load from causing the gear hub to 
jam against either the collar or the flange of the sleeve. This 

condition would render the shock-absorbing feature of the 
mechanism inoperative. 

In normal operation, when the machine is started under 
load, the gear will move laterally and compress one spring until 
the initial loading is overcome. As the machine picks up speed, 
gear A will move back toward the center of the pinion, the dis- 
tance depending on the running load applied by the machine. 
Intermittent shock loading of the machine will cause gear A to 
move back and forth on the threaded sleeve. Loading of the 
drive in the opposite direction will cause the gear to compress 
the other opposing spring with similar results. If the shock 
loading is in one direction, the mechanism may be modified 
to operate with only one spring. 

This arrangement is being successfully employed on a drive 
for a tumbling barrel, the springs having been selected by trial 
and error. A 0.250-pitch thread and a 10-pitch gear train are 
used. The driving gear G and the driven gear A are 3 and 9 
inches in diameter, respectively, each gear being mounted on a 
% -inch-diameter shaft. A 9/4 -hp, 60-rpm, geared head motor 
drives the machine. 

Toque-Controlled Drive Release 
for Tapping 

A chuck that automatically disengages the drive when a 
pre-set torque is applied to the tap is shown in Fig. 8. When 
properly adjusted, this device can effectively reduce tool break- 
age. 

Spindle A has equally spaced slots for axial location of three 
keys, the outer edges of which engage the inclined bases of 
keyways in sleeve C. The flanged lower end of this sleeve is 
fitted with three bushings with tapered bores for part of their 
lengths. For driving purposes, these bushings are held in en- 
gagement with steel balls D by the action of the compression 
spring E. The balls are housed in pockets in the base of the 
large-diameter bore a t  the upper end of body F. 

Spring E can be pre-set to release a t  the maximum torque 
that can be applied to a tap by adjusting the internally threaded 
cover G, which threads onto the body F. When this setting 
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Fxa. 8. Excess torque 
clear the driving balls 

transmimion is prevented by sleeve C rising to 
D. Re-engagement is prevented by the outward 

movement of keys B. 

has been made, the cover is secured to the body by means of a 
set-screw. 

The inner edges of keys B make contact with cone H, which 
is housed in the tapered bore of spindle A. When the pre-set 
torque is applied to the tap, continued rotation of the spindle 
causes the sleeve C to be moved upward against the action of 

spring E. When the bushings rise high enough to clear balls D, 
the drive is disengaged. At the same time, cone H is caused to 
move upward by the action of a second compression spring, the 
lower end of which bears against the threaded plug J in the 
spindle. As a result, the keys are moved radially outward by 
the wedging action between their inner edges and the cone. In 
t h i ~  way contact is maintained between the keys and the bases 
of the keyways in sleeve C. The cone and the keys have a taper 
of 1 in 20 and are self-locking. The result is that any down- 
ward movement of the sleeve and, consequently, engagement of 
the drive are prevented. 
When the spindle has been stopped, the sleeve can be re- 

leased to bring the bushings and the balls D into engagement 
again by depressing a plunger which passes through a cross-hole 
in the body F. This action causes wedge K, which is attached 
to the plunger, to be moved a t  right angles to the spindle axis 
and into contact with a mating wedge. The latter is carried on 
the lower end of a pin attached to member H and is therefore 
caused to move downwa~d to give the releasing action. 

The  tap is mounted in a bushing in the lower end of body F. 
A croacr-pin, which passea through a hole formed partly in the 
square-shaped end of the shank and partly in the bore of the 
hushing, holds the tap in place. 

Mounting Provides Double Action 
for Compression Spring 

A campression spring can be mounted so that either a push 
or a pull will put the spring under compression. In Fig. 9, spring 
A is contained between washers B and C, and is secured to the 
end of shaft D by fillister-head screw E. 

While shaft D remains etationary, force is applied to shaft 
F, which is pinned to one end of step-bored thimble G. The 
other end of the thimble has an internal thread engaging a 
slotted externally threaded bushing H which has a slide fit over 
shaft D. 

When  haft F is pulled to the right, thrust ia transmitted 
through the set-screw and washer B against the left end of the 
spring. Or, when shaft F is pushed to the left, thrust is trans- 
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F I ~ .  9. The mounting permite spring A to be compressed when ahaft F 
in moved in either direction. 

mitted through the step in the thimble bore and washer C 
against the right end of the spring. Thus, the spring is com- 
pressed either way shaft F moves. 

Linkage for Combined or 
Independent Lineal Travel 

A critical element and an auxiliary element of a mechanical 
system can be linked to a common actuator in such a way that 
either the two operate together, or the critical element operatea 
alone, if the auxiliary element is jammed. 

Heart of the linkage device is cylinder A, held in a fixed posi- 
tion in bracket B (see Fig. 10). Within the cylinder are two 
tubular slides - inner slide C and outer slide D. Cable E, enter- 
ing the cylinder from the left, is joined to plunger F. Around the 

FIG. 10. During the second 1/( inch of travel, alide D nonnally moves 
with slide C. If the auxiliary element is jammed. neither alide moves, and 

spring G is compressed. 

plunger is coil spring G. The other end of this cable is con- 
nected to the critical element (not shown) through clevis H. 

Another cable J, entering the cylinder from the right, is joined 
directly to slide D. The other end of this cable is connected to 
the auxiliary aiement (not shown) through clevis K. 

The device functions as follows: When the critical element 
is operated, it pulls the plunger to the left. The spring, being 
heavy, resists compression under normal load, and restricted 
by end plate L, causes the inner slide t o  move as a unit with 
the plunger for 1/4 inch of free travel. At this point, the end 
plate contacts the bottom of the outer slide. 

Then, for a second % inch of travel, the plunger, inner slide, 
and outer slide move as a unit. Since cable J is joined to the 
outer slide, the auxiliary element operates with the critical ele- 
ment during the second f / 4  inch of travel as is desired. 

On the other hand, assume that the auxiliary element is 
jammed. Then, in the second 1/4 inch of travel, the plunger will 
travel independently of the inner slide, which has now been 
immobilized by the stalled outer slide. During this movement, 
the spring is compressed by the pull on the plunger through the 
operation of the critical element. 

A practical application of this device is found in fighter air- 
craft. The critical element of the system is a seat ejector, and 
the auxiliary element, a headrest latch release. In this instance, 
the spring around the plunger has a 100-pound pre-load. Spring 
rate is 100 pounds per inch. The additional 25-pound load, when 
created by the freezing or .jamming of the headrest latch re- 
lease, is reduced to about 1.4 pounds a t  the input because of a 
1 to 18 ratio of the pulling force. 

Pressure Governor for 
Handwheel of Lathe Tailstock 

The danger of exerting excessive axial pressure when adjust- 
ing a lathe tailstock for a "between centers" operation can be 
averted with the governor illustrated. It can also be used to 
advantage where a small drill or reamer must be supported in a 
relatively large tailstock - increasing the sensitivity of the feed 
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and thus reducing tool breakage. The device is of simple con- 
struction and retains all the standard parts of the tailstock. 

In  Fig. 11, which shows the right-hand end of the tail-stock, 
the spindle A has a sliding fit with the casting B. The end of 
the spindle is threaded and engages the feed-screw C which ro- 
tates in the cap D. A key E holds the spindle from turning as 
it is advanced or retracted. The handwheel F is removed from 
its normal position near the end of the feed-screw and is replaced 
by a cast-steel disc G, feathered to the feed-screw by an existing 
Woodruff key H. Shaft J, threaded to the right-hand end of 
screw C, retains disc G. 

Sleeve K clears disc G and tight slide fits shaft J and is re- 
tained on J by pinned collar L. Handwheel F is rigidly attached 
to sleeve K. 

At a point on its periphery, the disc G has a 90-degree V-notch 
0. A bossed section P of the sleeve contains a detent plunger 
Q. This plunger is kept in position in the V-notch by a spring 
R. During normal operation, handwheel F, sleeve K, disc G 
and feed-screw C turn as a unit. 

Should the advancing spindle meet with excessive pressure, 
plunger Q will rise out of the V-notch. Thus, if a revolving 
center is supported by the tailstock spindle, the handwheel ad- 

FIG. 11. Transmitting the drive from the handwheel F to the feed-screw 
C through a detent plunger Q limit8 the axial pressure that can be 

exerted. 

vances the spindle until the center engages the conical opening 
in the end of the work. Further advance is resisted by the cen- 
ter, and the detent plunger automatically rides out of the 
V-notch. 

The load that the detent plunger can carry before i t  will 
disengage is adjusted by the vertical setting of a bushing S 
threaded to the inside of the bossed section. A lock-nut T serves 
to maintain the setting. For a revolving center, the mechanism 
is set a t  a point that is well below the safe loading on the balls 
and races, but will permit proper support for the work. This 
point is readily established by testing the revolving center for 
free rotation under load. 

When the detent plunger is disengaged, its alignment with 
the V-notch is maintained by a set-screw U engaging slot V in 
the plunger. Should it be desired to operate the handwheel 
without the regulating action of the governor, the bushing S can 
be lowered to fully compress the spring R. 

Press Clutch Automatically Disengaged 
after Required Number of Strokes 

An indexing die was designed for piercing a number of 
equally spaced holes in drawn sheet-metal parts or shells. The 
shells were rotated a partial revolution with each stroke of the 
press, and the operator disengaged the press clutch when the 
required number of holes had been pierced. The human element 
soon became apparent by the number of parts with one or more 
holes missing. I t  was then decided to control the number of 
strokes per shell automatically: the mechanism shown in the 
accompanying drawing was designed for this purpose. 

In the end views seen a t  the bottom in Fig. 12 and in Fig. 13, 
the crankshaft bearing and other details have been omitted for 
clarity. The press used for this operation has a sliding key 
clutch. Flywheel A, rotating in the direction indicated by the 
arrow, transmits motion to the crankshaft B through the sliding 
key C. The spring-loaded key is engaged and disengaged by 
the action of a wedge-ended lever D, which is operated by a foot- 
pedal through the clevis-rod E. 
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FIG. 12. Mechanism employed on a punch prem to disengage the clutch 
automatically after eight atrokea of the ram 

FIG. 13. Spring-loaded sliding key C shown in its engaged pomition, with 
the flywheel A rotating crankshaft B. When the ram has completed eight 
strokes, the projection on top of lever D will enter the groove in disc H, 

thus disengaging the clutch. 

In Fig. 12, the sliding key is shown disengaged from the 
flywheel, and the press ram is stationary, permitting loading. A 
toothed disc G and an attached grooved disc H, are free to ro- 
tate on a stud F, which is attached to the side of the press 
frame. Spring L applies frictional resistance to the rotation of 
discs G and H. Pin J, inserted in the crankshaft flange, con- 
tacts one tooth of disc G with each revolution of the crankshaft. 
A projection on the upper edge of lever D engages the groove 
in disc H. 

When the work-piece has been placed in the die, the foot- 
pedal is depressed and lever D is withdrawn from the groove 
in sliding key C, as seen in Fig. 13. The key then engages the 
rotating flywheel and locks the crankshaft to it. As soon as the 
crankshaft starta to rotate, pin J contacts one tooth on disc 
G, causing it and disc H to rotate a partial revolution. The pro- 
jection on lever D is now in contact with the periphery of disc H, 
thus preventing the wedge end of lever D from entering the 
groove in key C. Continued rotation of crankshaft B causes 
disc G to be rotated, one tooth per revolution, until the projec- 
tion on lever D again enters the groove in disc H. In this posi- 
tion, lever D is permitted to return to the disengaging position. 

The number of strokes per cycle is governed by the number 
of teeth on disc G and the number of grooves in disc H. I t  ie 
necessary, however, that the number of teeth on disc G be a 
multiple of the number of grooves in disc H. 

Safety Attachment Designed for a 
Reciprocating Movement 

On a machine for producing a wire product, short lengths of 
wire are drawn into the machine from a magazine, moved in 
one direction for one operation, and then in the opposite direc- 
tion for the next operation. Occasionally, a defective wire fails 
to release properly from the magazine, resulting in breakage. An 
attachment designed to eliminate jamming in cases of misfeed 
is illustrated in the accompanying drawings. 

A plan view and front elevation of the attachment during 
normal operation are shown in Fig. 14. Rod B imparts a re- 
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FIG. 14. Plan view and front elevation of attachment for eliminating 
jamming of the machine in the event of a rniefeed. 

ciprocating motion to slide A, which carries the feeding mecha- 
nism, not shown. Part C is a U-shaped piece, with i b  right-hand 
end slotted and supported on a pin mounted in lugs on slide A. 
Part D is another U-shaped piece, also slotted a t  its left-hand 
end and supported on a stud in bar B. Welded to part D are two 
straps E, which support the closed end of part D on part C. 
Part D is free to slide within part C, and both parts C and D 
are free to slide on their supporting studs. 

A spring F, nested in the hollow box section formed by the 
assembly of parts C and D, is under compression a t  all times, so 
that the closed end of part D is held in contact with the lugs 
on slide A. Also, the closed end of part C is held in contact with 
the right-hand end of bar B. In the position illustrated, which 
is normal operation, movement of bar B is transmitted to slide 
A through spring F. The tension of this spring, determined by 
trial, must be sufficient to transmit the required movement and 
still permit further compression without resulting in the break- 
age of parts. 

The operation of the mechanism under abnormal conditiona 
is illustrated in Fig. 15. In the view a t  the top, slide A has been 
prevented from moving to the right because of a defective wire 
failing to release from the feeding mechanism. Aa bar B con- 

tinues its movement to the right, movement of part D is pre- 
vented by its contact with the lugs on slide A, and the stud in 
bar B slides in the slots in part D. Also, since the end of bar B 
is in contact with the open end of part C, movement of the bar 
causes this part to move with it, against the compression of the 
spring. Thus, part C slides over the pin mounted in the lugs on 
slide A. As bar B again moves to the left, the assembly returns 
to its normal position, as shown in Fig. 14. 

If slide A is prevented from moving to the left with bar B, a 
condition such as the one illustrated a t  the bottom in Fig. 15 is 
produced. Bar B, in moving to the left, draws part D with it, 
thus compressing the spring against the closed ends of parts 
C and D. When the abnormal condition has been corrected, the 
parts again assume the positions shown in Fig. 14. 

In a subsequent application of this arrangement having space 
limitations, it was impossible to provide an attachment long 
enough to accommodate a compression spring of the required 
length and strength. Consequently, the design was altered, as 
shown in Fig. 16, to permit the use of externally supported 
compression springs. In general, the design has not been 
changed except by the addition of side extensions on part D, and 

FIG. 15. Operation of mechanism under abnormal conditiona. When 
elide A is prevented from moving to right, part D contacta luge on slide A. 
as seen in Fig. 14. When slide A is prevented from moving to left, spring 

F is compressed, ae illustrated in Fig. 15. 
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I I 
FIG. 16. Modified deaign of mechanism ehown in Fig. 14, nece~itated by 

space limitatione that prevented use of long, atrong spring. 

members G to part C, for attaching springs F. Operation ia the 
m e  as in the original design. 

Although both of these designs will perform equally well, the 
choice must be governed by space limitations, as the latter de- 
sign will require greater width, as indicated by the plan view in 
Fig. 16. However, the fact that the springs are supported exter- 
nally in this design may prove a definite advantage in that the 
tension may easily be adjusted to suit the requirements. 

CHAPTER 5 

Locking, Clamping, and Locating Devices 

Means of positively locking a mechanism, clamping a work- 
piece or part, and locating work in the proper position for some 
operation to be performed on it, or locating a carriage or table 
in the correct loading position, are described in this chapter. 
In some cases, the locking or clamping operation is performed 
automatically while in others hand operation is required. Simi- 
lar devices are described in Volumes I, 11 and I11 of "Ingeni- 
ous Mechanisms for Designers and Inventors." 

Intermittent Drive with Reverse-Locking Feature 

An arrangement that prevents reversal of an intermittent 
drive during the dwell period is shown in Fig. 1. Compact and 
quiet in operation, the device was designed for use as a high- 
speed indexing mechanism in shoe processing machinery. 

G 1 Cone brake prevents reversal of thie intermittent drive during the 
dwell period. 

119 
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A roller type indexing clutch A is driven with a reciprocating 
motion by connecting-rod B. This causes shaft C to rotate 
clockwise intermittently. Right-hand helical gear D is fastened 
to shaft C and engages with a second right-hand helical gear E 
attached to shaft F. Left-hand helical gear G mounted on shaft 
H also meshes with gear E. Two feed rollers J are fastened to 
the ends of shafts F and H, which rotate intermittently in oppo- 
site directions. 

When clutch A is driving gear D, a thrust is produced laterally 
in shaft C in the direction K. During the dwell portion of the 
indexing cycle, any attempt to make gears G and E the driving 
gears will produce a lateral thrust and displacement of shaft 
C in the opposite direction L. 

A cone brake M attached to shaft C takes advantage of this 
reversal of thrust to lock the shaft and the rollers during the 
dwell period. Thrust in the reverse direction L causes the cone 
to be displaced slightly and become tightly held in a mating 
conical bore in frame N. An increase in the reverse thrust only 
increases the holding power of the cone brake. During the 
following index cycle, the thrust produced on shaft C by helical 
gear D is again in direction K, and cone M is released from the 
conical bore. Lateral movement of shaft C is held to the mini- 
mum displacement necessary to free the cone. 

Mechanism for Adjusting Size of 
"Iris" Drawing Dies 

A mechanism designed for adjusting the size or hexagonal 
carbide-insert dies used in cold-drawing hexagonal stock is here 
illustrated. This mechanism enables one die to be used for draw- 
ing a large number of sizes. Three master d i a  cover the range 
of all the hexagonal sizes drawn in a cold-drawing mill. 

The main component of the die is a set of six carbide- 
insert pieces A, (see Fig. 2). As the stock is drawn through 
these insert surfaces, it is formed into the shape of a hexagon. 
The other members of the die act to support, adjust, or lock the 
carbide-insert pieces. 

ENLARGED VIEW 
OF SECTION X-)r 

I I 

FIG. 2. Plan view and enlarged cross-section of the die showing the ar- 
rangement of the various components. 

To understand the principle on which the adjustment of the 
carbide-insert pieces is based, reference should be made to  Fig. 
3. Here the relative movement of two of the six pieces is indi- 
cated by the arrows. Initially, the pieces are  in the position indi- 
cated by the solid lines, forming two sides of the solid-line 

FIG. 3. Carbide-insert pieces are moved in a straight line from the 
solid- to the dotted-line positions as indicated by the small arrows. Pins 

acting in elongated slots effect thia motion. 
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hexagon. If they are moved without rotation into the position 
shown by the dotted lines, they form two sides of a larger hexa- 
gon. Tbe movement of these pieces is controlled by the action 
of pins H inside elongated slots in the pieces. The pins move 
along the circumference of a circle whose center is the center 
of the hexagon. 

Referring to Fig. 2, the other members comprising this adjust- 
able die are the body B, cover C, keyed bar wedges D, lock- 
screws E, and a disc F that carries pins H. Each of these mem- 
bers has a specific function to perform. Die body B holds all 
the component parts, so that the motion of the carbide-insert 
pieces can be restricted within required limita. Cover C supports 
disc F, which is free to rotate a small distance. Cover C also 
holds the hollow stud and nut arrangement J, which positions 
the wedges D laterally. 

The purpose of the wedges is to provide a means whereby the 
carbide-insert pieces can be located properly. Adjustment is 
necessary when the drawing surfaces of the carbide-insert pieces 
wear. The lock-screws E, provide a locking function. 

Once the die has been set, which is usually done in the 
maximum open position to minimize any error in shape, it is a 
rather simple operation to adjust it to the required size. Lock- 
screws E, together with their lock-nuts, are loosened. Three 
alternate keyed bar wedges D, the tops of which have indexing 
pointers G, are next loosened to unlock the six carbide-insert 
pieces. The purpose of the indexing pointers is to insure the 
proper locating of these three bar wedges for true hexagonal 
positioning of the insert pieces in the ensuing locking opera- 
tion. 

The other three alternate wedges are left undisturbed, in 
order that the true hexagonal shape of the die will be main- 
tained in sliding the insert pieces along the flat surfaces of these 
wedges from one position to another. 

Two knurled pins (not shown) rigidly fastened to disc F and 
extending through elongated slots in cover C are used to impart 
rotation to disc F. The pins H that are engaged in the slots of 

the six carbide-insert pieces slide these pieces simultaneously 
into the new position. When in the required position, the three 
alternate wedges D are properly located by the use of their 
indexing pointers, and the six lock-screws E and their lock-nuts 
are tightened, thereby locking the die. 

Three-Axis Adjusting Mechanism 

For applications where a single supporting member must be 
adjustable in all directions, use can be made of the device shown 
in Fig. 4. This device consists primarily of a special eyebolt that 
can be swiveled around a spherical surface and locked in any 
desired position. The eyebolt can also be adjusted lengthwise. 

Bracket A serves as an attaching component that is fastened 
to the object which requires an adjustment feature. Swiveling 
of the eyebolt E is accomplished after backing off nut B, thus 
relaxing washers C and allowing spherical washer D to slide 
around the spherical end of housing F. The pivot point is about 
the center of the spherical bushing G. Washer D carries belt F. 

Lengthwise adjustment is accomplished by rotating spanner 
nut H to advance or retract housing F. Pin J rides in a slot 
of housing F and restrains rotation of the housing. 

As shown, this mechanism permits adjustment to within any 
point in the space of a 2-inch cube. 

FIG. 4. Device which can be adjusted within any point in the space of a 
2-inch cube. 
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Adjustable Disc-Stacking Magazine 

For a special machine designed for an operation on leather 
discs, a fixture had to be provided to hold discs from 1 to 6 
inches in diameter. Figure 5 shows an adjustable "nest" de- 
veloped to meet this requirement. 

An arm from a molding press moves into the position indi- 
cated by line P to pick up discs successively and then transfer 
them, one a t  a time, to a mold cavity located t o  the right of 
the stacking device. Regardless of size, the centers of the discs 
must always be in the same place. 

In adjusting this magazine to suit a change in work diameter 
i t  is necessary to swivel arms A, B, and C inward or outward. 
Movement of the arms is accomplished by rotating threaded 

h a .  5. Adjustable magazine for discs can accommodate work sizeu from 
1 to 6 inches in diameter. 

shaft M t o  move block E laterally. Arms D are pivoted on this 
block. Their outer ends are attached to arms A and B. Gear K 
on the outer end of Arm R meshes with gear J. This gear is 
mounted on the  pivot shaft of arm C. 

Movement of arms D and gears J and K causes arms A, B, 
and C to move toward or away from the center of the  stacking 
unit to suit discs of various diameters. Vertical rods 0, mounted 
on arms A and B, allow for stacking discs on top of each other 
to convenient heights. 

Tape Reel Has Quick Action and 
Constant Gripping Pressure 

Tapes used in programming machine tools and in other opera- 
tions are wound on spools, which, in turn, are positioned on a 
reel. Tapes and spools are made in different widths, but the 
spools necessarily have the same inside diameter. 

To grip the spool, most reel designs involve the tightening of 
a cap-nut on a thread which is part of the reel spindle. The 
nut prerrses against a rubber cylinder which expands in the bore 
of the spool, securing it to  the reel. Disadvantages of such action 
are that engagement and disengagement time is relatively 
long; the firmness of the grip depends on how much the cap- 
nut is tightened, which might vary from operator t o  operator; 
and some of the  components of the reel have to be changed 
whenever the spool width is changed. An added shortcoming 
is that the clutching action can only be performed manually, 
and cannot te made automatic. 

On the hand, the reel design proposed in Fig. 6 is quick acting, 
assures a constant gripping pressure, accommodates spools of 
different width without adaptation, and can be readily converted 
to operation by a mlenoid. 

The device is driven by a motor through a timing belt (not 
shown) running amund pulley A feathered to shaft B. Hub C 
is pressed on the  shaft. Flange E bolted to the frame is lined 
with a bearing which supporh the shaft. This bearing extends 
through the  bore of the hub. The portion of the shaft which 
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FIG. 6. With ball K up (solid line), part of rubber ring H is displaced; 
with ball down (broken line), all of ~ b b e r  ring is contained in neck of 

hub C. 

runs through the hub has a tapered surface F and an annular 
groove G. 

Rubber ring H has a snug fit in a neck in the hub. Pressure 
is exerted around the hub by the ring, since the inside diameter 
of the ring is smaller than the diameter of the neck. There are 
six counterboard holes equally spaced radially in the neck, each 
containing a dowel-pin J and steel ball K. The rubber ring 
keeps the balls and pins in pressure contact with shaft B. 

Reel spools have a slip fit over hub C. To position a spool on 
the reel, knob L, pinned to the shaft, is pulled to the right, and 
the rubber ring forces the balls and dowel-pins down radially 
on taper F. Since the rubber ring is now completely contained 
within its neck, the spool is able to slip over it. 

To grip the spool, the knob is thrust to the left, the dowel-pins 
being forced out by the taper, settling in groove G in the shaft. 
(This is the position illustrated in Fig. 6.) Simultaneously, the 
balls move out radially, partly displacing the rubber ring in 
the neck. The displaced rubber fills the clearance between the 

outside of the hub and the inside of the spool, and is sufficient 
to exert a firm grip on the spool. This grip remains constant 
from spool to spool, since it is outside the control of the oper- 
ator. 

Total radial movement of the dowel-pins is calculated so that 
the volume of the penetration of the balls in the rubber equals 
the clearance area. Relatively large tolerances are permissible, 
because of the compressibility of the rubber, which takes up 
the variations. 

I t  is possible to connect the left end of shaft B to a two- 
directional solenoid for automatic operation. The solenoid has 
to be actuated only when a spool is being positioned or re- 
moved. A micro switch can be used to sense the axial position 
of the shaft, and the machine can be wired in series with the 
micro switch so that it will not start if the spool is not firmly 
gripped. 

Quick-Acting Clamp with 
Wide Work Capacity 

An unusual gripping and releasing mechanism which enables 
instant adjustment of a clamping jaw to  suit widely different 
sizes of work is a feature of the special vise-like assembly fix- 
ture illustrated in Fig. 7. This clamp was primarily designed 

I I*, 11P. I I I 
FIG. 7. Ingenious arrangement on this fixture enables quick clamping of 

work despite large variations in work thickness. 
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for holding packs of thin sheets that vary considerably in width. 
Packs vary in over-all width from approximately 5 to 16 
inches. 

The different pack sizes are made up by the operator in the 
assembly fixture, according to requirements. To minimize clamp 
setting time it was desirable to provide a clamp which, although 
hand-operated, would be capable of being adjusted rapidly. 
I t  had to be suitable for imparting a sufficiently powerful grip 
on packs of all sizes. 

The principal working member of this device is a hollow ram 
A which can be readily slid to the right or left except when 
retarded by the action of pawls B. In loading the fixture, the 
ram is pushed by hand until clamp C bears against the pack 
of work sheets. Then handwheel D is revolved to apply pressure 
through rod E. This rod extends completely through hollow 
ram A. At the left-hand end, there is a threaded enlarged diam- 
eter on the rod which engages a thread in the ram. 

Consequently, after clamp C has been positioned against the 
work, it is positively tightened by revolving handwheel D. This 
action causes an adjustment of the threaded portion of rod E 
in the threaded left-hand end of the ram, and thus exerts pres- 
sure on clamp C and on the work. This can happen because 
pawls B prevent any right-hand movement of the ram until 
they are released. 

Release of the pawls is effected by striking a sharp blow 
against ring F. This causes ejector pins G to strike against the 
pawls with sufficient force to overcome the pressure of the 
springs which tend to force the pawls to the right. The pawls 
operate in grooves cut in ram A, as seen in section X-X. 

In a modification the two pawls B are substantially of the 
same shape and size as those in Fig. 7, in respect to their contact- 
ing peripheries (see Fig. 8). However, each pawl has an integral 
tail a t  right angles to the contacting portion. In each case, the 
pawl tail passes through a clearance slot machined in the right- 
hand side of the fixture body. 

Fastened to the top of the body over both slots is a steel plate 
which bridges the slot. Screwed into this plate is a fine-pitch 

FIG. 8. Safety overload on this modified design guards against work dis- 
tortion and damage. 

headless set-screw, the lower end of which bears against the side 
of the pawl tail. A lock-nut secures the screw in any desired 
height setting. The purpose of the two screws S is to restrict 
the amount of swiveling movement of each pawl in the direction 
of its frictional contact with the ram grooves. A light compres- 
sion spring bears against the inner side of each pawl tail so as 
to maintain the contacting peripheries of the pawls in a light 
frictional engagement with V-grooves of the ram. 

Instead of two ejector pins, the ring mechanism F has a coni- 
cal bore which is large enough to pass over the rounded tips of 
the pawl tails, as shown by dotted lines. When the ring is moved 
swiftly toward the body, the sides of the conical hole strike 
the pawl tails and cause the pawls to release. 

Cam-Jaw Chucks for Twisting Rod 
Two chucks having cam jaws furnish a powerful grip which 

twists steel rod used in reinforced concrete. One of the chucks, 
Fig. 9, anchors one end of the rod. The  other, Fig. 10, rotates 
the opposite end of the rod to produce the required twist. 

The anchoring chuck has a bracket A mounted on the frame 
of the machine. Rod B to be twisted is located against a pad 
C transversely movable within the bracket by means of a toggle 
arrangement with lever D. At two other points on its periphery 
the rod is under the pressure of knurled cam jaws E and F. 
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FIG. 9. Thia anchoring chuck prevents one end of the steel rod from 
rotating. 

A link G joins the jaws so that they can pivot in unison around 
their respective shafts H and J. Extending from the link is an 
operating arm K. 

When slipping a rod into position in the machine, lever D 
and arm K occupy the positions illustrated. The arm ia then 
moved down, and the jaws pivot counterclockwise, to lock 

SLCTION X-X 

FIG. 10. The driving chuck rotates the opposite end of the rod to pro- 
duce the required twist. 

the end of the rod against the pad. As the machine starts to 
twist the opposite end of the rod, the cams tend to  tighten their 
grip. To release the rod, lever D is lowered. This action causes 
locating pad C to retract. 

The driving chuck, Fig. 10, has two cover plates L and M, tied 
together by bolts N. The outside of each plate is turned down 
to form integral bearing diameters 0 and P. Diameter P is bored 
to receive the end of rod B. Located between the cover plates 
is a large gear Q. This gear has two hubs; each is drilled radially 
and beveled at three points to receive the lobes of cam jaws R. 
The jaws pivot on bushings S, which are  mounted over the 
bolts N. Also, the two rows of jaws are separated by a disc T. 

When the machine is running, a pinion, which is engaged to 
the gear, rotates it in the direction indicated by the arrow. The 
cam jaws immediately pivot in and start twisting the rod, the 
opposite end of which is fixed in the anchoring chuck. To release 
the twisted rod, the gear is reversed momentarily. Like the cam 
jaws in the anchoring chuck, those in the driving chuck have 
knurled bearing surfaces to provide a better gripping action. 

Variable Stroke and Quick-Action Lock 
for Reciprocating Slides 

The device of Fig. 11 was designed to cause two slides to be 
moved by hand and then be securely locked in a predetermined 
position. 

FIG. 11. Manually operated mechanism provides stroke adjustment and 
rapid locking for two opposed reciprocating alidea. 
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The cross-section a t  X shows the construction of this manual 
drive mechanism and the positions occupied by working mem- 
bers when in the unlocked position. A section of the vertical 
machine wall A, on which an integral boss is located, is bored 
to receive flanged sleeve B. The portion of the sleeve extending 
beyond the machine wall is reduced in diameter and threaded 
for circular lock-nut C, which holds the sleeve in place and may 
be adjusted by means of a spanner wrench. 

Two identical links, E, see Fig. 11, can pivot about shoulder 
studs D, The opposite ends of links E are attached to the 
slides. 

Sliding within a hole bored through sleeve B is cylindrical 
plug F which is keyed in place to prevent independent rotation. 
The plug has a conical head which rides within a counterbore 
in the flanged end of the sleeve. The largest diameter of this 
head is ground with parallel sides for a short distance to pro- 
vide a close sliding fit within the counterbore. This lends addi- 
tional support to the head and helps to maintain its accurate 
alignment during locking movements. The surface of the coni- 
cal head, which is formed a t  an angle of 10 to 1 2  degrees from 
the axis, should be hardened and polished smooth. 

Four equally spaced holes are drilled radially through the 
side walls of sleeve B into the counterbore. These holes are the 
same diameter and are located in the same plane. Sliding freely 
within each hole is a pin G, both ends of which are rounded. All 
four pins must be accurately machined to the same over-all 
length and hardened. 

The inner ends of the pins bear against the conical head of 
the plug while the outer ends extend into a shallow annular 
groove H which is machined concentrically in the bored hole in 
machine wall A. The width of this groove is slightly greater 
than the diameter of the pins, and the depth need be only about 
1/16 inch. The purpose of this groove is to prevent scoring the 
surface of the bore in contact with sleeve B. 

A clevis-pin J is threaded into the center of plug F, fine-pitch 
threads are cut on the larger pin diameter at the clevis end. A 

standard hexagon nut is screwed on the opposite (right-hand) 
end of the clevis-pin to lock it in position. This arrangement 
permits both radial and endwise adjustment of the clevis-pin. 

Operating lever K has a forked end for fitting over the end 
of pin J. The width of the lever end is almost the same as the 
smaller diameter of sleeve B. A cam-like curvature is formed on 
the upper right-hand corner of the lever as shown at X in Fig. 
11. The cam radius increases gradually as the curve approaches 
the top surface of the fork. The thickness of the forked end of 
the lever, together with the location of pivot-pin L, are carefully 
determined so that a clearance Z of about 0.025 inch will be 
provided. 

To lock sleeve B within its bearing hole, lever K is simply 
pivoted upward as shown a t  Y. This action causes plug F to be 
drawn to the left. The conical head of F contacts pins G forcing 
them outward and into annular groove H. Sleeve B is thus 
locked within the bearing hole in wall A, and further movement 
cannot be transmitted to the two links E. 

To operate the machine-slides, lever K is depressed to the 
vertical position, thereby releasing the locking pressure. The 
lever, clevis, plug, and sleeve members can then be rotated in 
unison to impart the desired motion to the machine-slides. 

Finger Holds Down Paper Stack 
on Printing Press 

On printing presses, some type of suction device generally 
feeds the paper by lifting the leading edge of the top sheet in 
the stack and drawing the sheet forward into grippens. To 
avoid the tendency of the top sheet to pull the next sheet with 
it - as sometimes happens because of static electricity in the 
paper - a mechanical hold-down finger can be added to the 
press. Through a cam and double bellcrank construction, the 
finger operates in time with the suction device, and separates 
the top sheet. 

Figure 12 shows three positions of the mechanism. In  view 
X, the finger A holds down the stack of paper after the leading 



1 34 LOCKING, CLAMPING, AND LOCATING DEVICES LOCKING, CLAMPING, AND LOCATING DEVICES 135 

FIG. 12. Hold-down finger A is synchronized with suction cup B through 
cam J and bellcranks D and F. 

edge of the top sheet has been lifted by suction cup B. The bot- 
tom of the cup is cut a t  an angle, as shown, so as to raise the 
sheet edge sharply. Guide C, fastened to the cup, moves up and 
down with it. 
The finger is attached to one arm of small bellcrank D, which 

pivots on shaft E in the lower arm of large bellcrank F. Two 
spring-loaded plungers G and H control the position of the lower 
arm of the small bellcrank. Cam J, revolving continuously in 
time with the movement of the suction cup, causes the large 
bellcrank in turn to pivot on shaft K under the direction of 
follower L. 

When the suction cup comes down on the stack, the finger is 
pulled back, and under the pressure of plunger G, it is f o r d  
upward against the guide, as in view Y. At this point, the lobe 

of the cam bears on the follower, and the suction cup lifts the 
edge of the top sheet. 

Then, as the lobe leaves the follower, plunger G loses control 
of the lower arm of the small bellcrank and plunger H takes 
over, as in view Z. The guide, meanwhile, forces the finger 
down, directing it into the lip formed by the raised edge of the 
top sheet. When the finger is fully in place, as in view X, the 
suction cup assembly raises the sheet into the grippers which 
feed it into the press. 

Cycling is continuous, with the cam revolving once for each 
sheet fed. A feature of the mechanism is that the finger is 
located by the position of the feed cup, so is not affected by vari- 
ations in the height of the paper stack. 

Toggle-Action Drill Jig That 
Clamps Work a t  Four Points 

In drilling hold-down bolt holes through the steam cylinder 
heads of duplex piston pumps, i t  was found that the location of 
the holes was often inaccurate. The original jigs employed for 
drilling such holes were simply flat plates of the same shape as 
the cast heads to be drilled. These bushing plates were equipped 
with vertical pads around their peripheries to form nests for the 
castings. However, due to variations in the size of the castings, 
many of the work-pieces fit loosely in the jigs, resulting in inac- 
curate location of the drilled holes. To overcome this difficulty, 
the drill jig seen in Fig. 13 was designed to accurately clamp the 
work at four points by means of a single toggle action. 

The two clamping arms A are slidably mounted on bushing 
plate B by means of studs C. The central portion of these studs 
pass through large holes in the arms to permit their free move- 
ment. Pins D loosely fit in the centrally located projections of 
the clamping arms, and their lower, enlarged diameter ends are 
provided with flats to fit slots milled in the bushing plate. This 
permits the arms to pivot about these pins and to  slide along the 
slots when operating handle E is rotated. 

Cam F, which is rotated by handle E about stud G, is con- 
nected to clamping arms A by links H. These links can pivot 
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FIG. 13. Work-piece X, which is a cant steam cylinder head for a duplex 
piston pump, is rigidly clamped at four points in this toggle action drill 

jig. 

about the loose-fitting studs J .  A spring-loaded latch K holds 
the cam, levers, and arms in the work-clamping poaition shown 
(the loading position). 

As the cam is rotated counter-clockwise, latch K will be ro- 
tated clockwise and links H will become aligned with each other. 
Clamping a m  A are moved apart 80 that the jig can be placed 
over work-piece X. The cam is then turned clockwise to the 
poaition shown, and arms A are pulled together firmly to clamp 
the work for drilling. 
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Cam-Operated Stock Clamp 
for Piercing and Blanking Dies 

Difficulty is often encountered in operating piercing and 
blanking dies if some means is not provided to keep the stock 
rigidly pressed against the back gages of the die. This is es- 
pecially true if a high degree of accuracy is desired. The stock 
will usually weave when being pushed through the gages, or 
it will jump when struck by the punches. These conditions are 
particularly aggravating when handling heavy stock. 

To overcome such trouble, a mechanism was designed which 
automatically presses the stock against the back gage without 
requiring any effort on the part of the operator. This device 
also has the advantage of reducing the number of scrapped 
parts. 

Shown in Fig. 14 are two hardened and ground slides A 
mounted in ways at the front of the die-block B. These slides 
are spaced as far apart as possible. The lwer C swivels in a 
clevis bracket D, which is screwed and doweled to the top shoe. 
A spring E in the top shoe keeps the lever up against a Z-shaped 
retainer F when the die set is in the open position. 

As the press ram descends, the lower end of the lever C strikes 
the angular surface on the slide A, forcing the slide up against 
the stock. Of course, the device must be so designed that the 
slide is pressed firmly against the stock just before the punches 
enter the stock. On the up stroke, the slide A is retracted, 
allowing the operator to move the strip easily through the 
gages. 

Swing Stop for Automatic Lathe 

A unique mechanism for operating a swing stop on an auto- 
matic lathe is shown in Fig. 15. This mechanism permits the 
stop to be swung to a position in front of the headstock spindle 
to stop the axial feed of the bar stock a t  the beginning of the 
automatic cycle. Thereafter, the stop is held clear of the work, 
and, a t  a predetermined point in the cutting cycle, a mechanism 
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FYG. 14. As the top shoe of a die eet deacenda lever C strikes A,  pushing 
A to the right and clamping the stock. 

(not shown) is operated to impart a second feed movement t o  
the stock. 

The swing stop A is secured to one end of a shaft which can 
swivel in a bearing in the headstock. The opposite end of this 
shaft carries an arm that is connected by link B to the follower 
arm C, the latter being pivoted a t  its left-hand end on a pin 
fitted to the frame. Downward movement of the stop A is im- 
parted by a compression spring D enclosing a pin, the upper 
end of which makes contact with the arm C. The lower end of 
this pin is attached to the frame. Upon completion of the initial 
feed of the bar stock, stop A is swung upward by cam E, which 
is engaged by a roller on arm C. 

The shaft on which cam E is mounted operates the mech- 
anism that feeds the stock through the collet, and is driven 
intermittently from the back-shaft of the lathe, through a one- 

FIG. 15. Mechanism for operating swing atop A on an automatic lathe to 
control axial feed of bar stock. 
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revolution-and-stop clutch (not shown). With this arrange- 
ment, the cam E is rotated through two revolutions while the 
continuously driven front camshaft F, which controls the turret 
and cross-line motions, makes one complete revolution during 
each cutting cycle. 

When the stock is to be fed a second time, a trip-dog, attached 
to a disc on the camshaft F, engages a spring-loaded pawl fitted 
to the right-hand end of the bellcrank lever G. The lever, 
which is carried on a forked bracket secured to the frame, swivels 
in a clockwise direction against the action of the spring-loaded 
plunger H. As a result, a stepped pin fitted to the left-hand end 
of lever G is swung to a position above an angle bracket attached 
to the lower end of link B, so that movement of the link and of 
stop A is prevented. Simultaneously, the shaft carrying cam E 
is rotated, causing the stock to be fed. 

Air-Operated Clamping Mechanism 
for Cylinder Boring Fixture 

The cylinder boring fixture shown in Fig. 16 is equipped with 
an air-operated clamping mechanism designed to hold the work 
securely without distortion. The work (cylinder C) is located on 
saddle B which is a close fit over the tongues E' on brackets E. 
Cylinder C is located or centered by means of the pivoting 
bracket K, which is shown in the open position by dotted lines K'. 

Air cylinder G which actuates the clamping mechanism is 
slidably mounted on bracket F, so that when air is admitted 
into the cylinder, the piston rod J will move to the left while 
the cylinder G will move to the right. The open or non-pressure 
head end of the air cylinder is connected to the equalizer bar N 
which actuates the clamping levers D'. The outer end of 
piston rod J fitted to piston H is connected to lever D. 

Air admitted to cylinder G a t  connection P acts on piston H, 
compressing the release spring 0 and moving levers D' and lever 
D to the clamping positions shown. In these positions the levers 
exert the required clamping pressure on the work a t  points S. 
A long bearing surface a t  S (as shown in the separate view in 
the lower right-hand comer of the illustration) distributes 

I I 
FIG. 16. Cylinder boring fixture equipped with air-operated equalizing 

clamping levers. 

the load over a larger area. The vent V in the non-pressure end 
of cylinder G permits only atmospheric pressure to act on the 
right-hand side of piston H. When air pressure is released from 
the closed end of the cylinder, spring 0 causes the upper end of 
lever D' to move to the right and the upper end of lever D to 
move to the left so that the clamping pressure is released a t  
points S. 

Clamping and Indexing Mechanism 
for Drill Jigs 

A multiple-purpose drill jig that incorporates an arrange- 
ment to automatically clamp a work-piece simply by lowering a 
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hinged jig plate into position is shown in Fig. 17. In addition, 
components can be rotated and indexed for drilling a number 
of radial holes without being unclamped between operations. 
Although it was originally designed to accommodate collars and 
pinions in a variety of widths and diameters, the jig can be 
adapted to handle many other types of cylindrical parts. 

Basically, the jig consists of an adjustable V-block A to sup- 
port the work-piece B, a hinged jig plate C with a replaceable 
bushing to locate and guide the drill and a means of clamping 
and rotating the part. The V-block is raised or lowered in guide 
block D by turning the knob end of adjusting screw E. A pointer 
on scale F indicates the diameter of collar that can be drilled 
a t  each vertical position of the V-block. 

Gear G transmits the rotary motion of shaft H through a gear 
train to gear nut J which moves externally threaded sleeve K in 
an axial direction. The gear nut is axially retained by a bushing 
and the outer-bearing support plate. Shaft L has a sliding fit 
in the bore of the threaded sleeve. A pin is pressed into shaft L 
and is fitted into slots in clamp M. Shaft L and clamp M must 
rotate together but can move axially about fg inch in relation 

SaTim X-X 

ma. 17. Drill jig with mechanism for clamping and indexing a variety of 
cylindrical parts. Clamping action ia concurrent with lowering of hinged 

jig plate. 

to each other. A coil spring pushes clamp M toward the work- 
piece and is allowed by thrust bearing N t o  rotate freely with 
the clamp and the shaft. Forward motion of shaft L is restrained 
either by the work-piece through clamp M and its retaining pin 
or by threaded sleeve K through lock-nuts. The latter is the 
case when clamp M is not in contact with the work-piece. 

Clamp 0, lever P, and an internally threaded sleeve with its 
retaining collar Q and lock-nut R may be rotated as a unit in a 
fixed axial position. A thrust bearing allows free movement of 
the parts under any heavy clamping force applied to the work- 
piece by clamp M. Index holes are provided in bearing support 
plate S for insertion of threaded stop T. This stop is used to 
accurately position lever P and, therefore, the work-piece for 
the drilling of radial holes. 

Axial position of clamp 0 can be adjusted to suit work of 
various widths by advancing or retracting this member within 
the internally threaded sleeve which is held in place by lock- 
nut R. In similar fashion the lock-nuts on the end of shaft L 
provide a means of adjusting the axial position of clamp M. 

This jig is simple to use. A work-piece is placed on the 
V-block which is then set to the proper height by means of 
the adjusting screw. The rotary motion of lowering the jig plate 
into position is converted to the horizontal translation of 
threaded sleeve K. Clamp M (and its retaining shaft) are forced 
by the compressed spring to duplicate this movement and 
clamp the work-piece properly. Extension pieces U are screwed 
into the faces of the clamps to increase the range of the jig. 
Clamp 0 is pre-set axially to locate the work-piece properly, 
The lock-nuts on shaft L should be adjusted so that the pin is 
not in contact with either end of the slot in clamp M when the 
work-piece is securely gripped. This will prevent friction be- 
tween the threads in parts J and K when the work is rotated. 

After drilling the first hole in the work-piece, lever P is in- 
dexed to the stop for the second hole. Additional radial holes 
can be produced by moving the threaded stop to the next index- 
ing position and repeating this operation. Clamping pressure 
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is maintained on the work-piece since thrust bearing N allows 
the spring to rotate freely with clamp M. Adjustable work stops 
V prevent parts from being pulled up when the drill is retracted, 
and spring-actuated latch W holds the jig plate down in posi- 
tion for drilling. CHAPTER 6 

Reversing Mechanisms of Special Design 

Described in this chapter are various arrangements for ob- 
taining reversal of motion. Other reversing mechanisms are 
described in Chapter 6 of Volumes I and 111 and Chapter 
7 of Volume I1 of "Ingenious Mechanisms for Designers and 
Inventors." 

Sensitive Feed Arrangement 
for Coil-Winding Machine 

Machines employed for winding fine wires into coils require 
sensitive feed arrangements that permit extremely quick re- 
versals. For example, in winding wire 0.001 inch in diameter, 
with the bobbin rotating at 6000 rpm, reversing should be 
accomplished in a distance of 0.001 inch in a hundredth of a 
second. Although such quick reversals are usually obtained by 
fine screw feeds or by friction wheels, the arrangement shown 
in Fig. 1 is a unique solution to  the problem. 

A steel band C (see Fig. 1) is driven a t  constant speed by 
means of pulleys A and B. The band passes through two elec- 
tromagnets, MI and M2, which are mounted on wire guide 
carriage D of the coil-winding machine. When the carriage 
comes to the right-hand stop E, which is a micro switch, mag- 
net MI is de-energized and magnet M2 energized. The carriage 
is thus attracted to the lower portion of the band and moved 
to the left. When the carriage contacts the left-hand stop F 
(another micro switch), magnet M2 is de-energized and MI 
energized, thus moving the carriage to the right. 
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FIG. 1. Wire guide carriage D of a coil-winding machine is reciprocated 
between micro switches E and F by a steel band C which is alternately 

attracted to two electromagnets MI and Mz. 

Speed of the steel band can be varied to obtain different rates 
of feed, and the location of the micro switches can be altered to 
change the length of carriage stroke. 

Excessive-Torque Reversing Mechanism 
A rotating drum type hopper, used to feed small molded parts 

into a chute, was subject to occasional jamming. The simplest 
way to free the jam was to reverse the direction of hopper rota- 
tion. To do this automatically, the illustrated mechanism was 
designed. 

Two bevel gears A and B (see Fig. 2)  are free to turn on 
drive shaft C. Smaller bevel gear D, which is keyed to the 
hopper shaft, is in constant mesh with the two larger bevel 
gears. Keyed to the drive shaft is a central driving member E. 
Two stepped hubs F and G, each free to turn on the drive shaft, 
carry pins H and J. 

Spiral springs K and L connect the two hubs to their respec- 
tive bevel gears by means of pin M in the case of spring K, and 
a similar pin, not shown, in the case of spring L. The primary 
function of the spiral springs is to absorb any shock load that 
might occur in the event of the hopper jamming. Driving dog 
N is secured to member E by means of a shoulder screw on which 
it is free to pivot. The dog is held against one of the two stop- 
pins 0, by toggle spring P. 

During normal operation, drive shaft C rotates in the direc- 
tion of the arrow. With driving dog N in its left-hand position 
as shown, motion is transmitted from member E to stepped hub 
F, and from there, through spiral spring K to pin M. This causes 
bevel gear A to become the driving gear with respect to driven 
bevel gear D on the hopper shaft. Under these conditions, bevel 
gear B merely idles. 

Any jamming that occurs during operation of the unit causes 
an increase in the torque necessary to drive the hopper. As a 
result, spiral spring K is placed under load. When sufficient 
pressure is built up between pin H and driving dog N to over- 
come the initial tension in toggle spring P,  the dog will pivot 
about its mounting screw and come to rest against the right- 
hand stop-pin 0. This releases the driving load from the corn- 
ponenta on the left. 

Continued rotation of drive shaft C in its normal direction 
causes the right-hand side of the driving dog to engage pin J 
in stepped hub G. Through spiral spring L, and a pin similar 
to M, the driving force is now transmitted to bevel gear B. This, 
of course, causes the hopper to rotate in the opposite direction. 

FIG. 2. Direction of hopper rotation, driven by gear D, ia reversed by the 
pivoting action of a driving dog N whenever excessive torque ie built up. 
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Reciprocating Traversing Device 
with an Adjustable Stroke 

A mechanism designed for leading wire onto a spool in uni- 
form layers is shown in Fig. 3. The arrangement incorporates 
a simple means of producing a smooth, reciprocating motion to 
the wire guide, In addition, the length of stroke of the guide is 
easily adjusted to accommodate spools of various widths. 

The wire guide A is free to slide on a guide rod B and is tra- 
versed by a lead-screw C. Brackets D and E serve as bearings 
to support both the lead-screw and the guide rod. A bevel gear 
F is secured on shaft G, which is connected to the drive for 
the wire spool. Two additional bevel gears H and J are in mesh 
with gear F and rotate in opposite directions on the guide rod. 
Gears H and J each have a saw-tooth clutch plate attached to 
one face. A driving clutch member K having teeth on each face 
is pinned to the lead-screw between the gears. The direction in 
which the lead-screw is driven depends on the position of the 
driving clutch member K. 

In the illustration, part K is shown in position to rotate the 
lead-screw in the direction that will cause the wire guide to 
move toward a collar L on the guide rod. Before reaching the 
collar, the wire guide compresses a spring M. When the spring 
is compressed, the wire guide stops. However, the lead-screw 
continues to rotate and moves to the right, pulling sleeve N 
with it, thus lifting a spring-loaded ball 0 out of the right- 
hand V-notch in the sleeve. A key in bracket E keeps the sleeve 
from rotating with the lead-screw, and two collars P pinned to 
the lead-screw hold the sleeve in place axially. 

Once the ball is out of the right-hand V-notch, the pressure 
of spring M on the wire guide will cause both the guide and 
the lead-screw to move toward the right. This motion wiIl con- 
tinue until the ball dmps into the left-hand V-notch provided in 
sleeve N. 

Clutch member K will then be engaged with the clutch plate 
attached to gear J ,  and the lead-screw wiIl rotate in the opposite 
direction. This will cause the wire guide to move toward collar 

REVERSING MECHANISMS OF SPECIAL DESIGN 
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Q and spring R. On reaching spring R, the lead-screw reversing 
cycle is repeated. Collars L and Q may be placed a t  any distance 
apart within the length of the guide rod to suit various spool 
widths. 

The mechanism operates smoothly with just a slight pause 
before reversal of the wire guide a t  the end of each stroke. The 
rapid motion of the guide when the ball lifts out of the notch 
compensates in part for the pause. 

Reversing Two-Speed Geneva Drive 

A proposed aerial camera required a mechanism to drive a 
prism in a certain series of movements. Specifically, these were: 
(1) turn 60 degrees counterclockwise, (2 )  stop momentarily, 
(3) rotate an additional 60 degrees in the same direction, (4)  
pause for an instant, (5) turn back clockwise 120 degrees, (6)  
stop again momentarily, and then repeat the cycle. The device 
was to be driven by a motor having constant, uniform speed; 
and the transition between rest and motion had to be shock- 
free. The compound Geneva mechanism illustrated in Fig. 4 
was designed to satisfy all of these requirements. 

The driving member, crank A, is fastened to the drive shaft. 
This crank carries two rollers B and C capable of entering slot D in 
a Geneva wheel E, which serves as the prism carrier. The length 
of the crank and the distance between its center of rotation and 
that of the Geneva wheel are such that the rollers engage and 
disengage slot D radially. In other words, the angle between 
slot D and the center line of the crank is 90 degrees at  the 
moment of engagement. This insures smooth, shock-free opera- 
tion. 

Attached to crank A (and the input shaft) is a spur gear F 
which meshes with a spur gear G. The ratio between these two 
gears is 2 to 1. Gear G carries two rollers H and J ,  located 120 
degrees apart and capable of entering slots K and L in Geneva 
wheel E. The distance between the rollers H and J and the cen- 
ter of gear G, and the distance between the center of gear G 
and Geneva wheel E, are such that the rollers engage slots K 
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I 

FIG. 4. Plan view showing details of Geneva mechanism. Members are 
in position to start cycle of movements required for a prism in an aerial 

camera. 

and L radially. These slots are positioned 60 degrees apart on 
member E. 

In operation, the drive starts its cycle in the position' shown 
in Fig. 4 and crank A is rotated counterclockwise. This causes 
roller B to leave slot D and gear F to drive gear G clockwise. 
Roller H, mounted on gear G, simultaneously engages slot K 
and turns wheel E through 60 degrees. At this point, roller H 
moves out of slot K, wheel E stops momentarily, and roller J 
enters slot L. Once engaged with slot L, roller J turns wheel E 
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through an additional 60 degrees. Since the gear ratio is 2 to 1, 
gear G has, therefore, gone through 240 degrees of rotation and 
crank A through 120 degrees, placing roller C in a position to 
enter slot D. Continued turning of crank A revolves wheel E 
clockwise through 120 degrees and the cycle starts anew. 

No locking arcs such as those used in conventional Geneva 
mechanisms are necessary, since there is always one of the four 
rollers in engagement with the wheel. This insures a positive 
correlation between the input and output movements a t  all times. 
The device is capable of speeds up to about 250 rpm. 

Ratchet with Forward 
and Reverse Movements 

A ratchet mechanism which transmits rotation to a shaft in 
one direction and, after a period of rest, reverses the motion to a 
lesser degree is shown in Figs. 5 and 6. This mechanism was 
designed for use on a machine which produces ornamental wire 
screening, and operates a mechanism that feeds the sheet of 
screening through the machine. I t  is required that the screen- 
ing be fed through intermittently, advancing a predetermined 
distance, remaining a t  rest while a press operation is being 
performed, and then moving a predetermined distance in the 
reverse direction to permit withdrawal of the forming punches 
after the operation has been completed. 

Front views of the mechanism a t  different positions of the 
cycle are shown in Figs. 5 and 6. In this mechanism, shaft A 
carries the ratchet wheel B which is keyed to it. Due to the 
reversing action of the mechanism, the conventional saw-toothed 
ratchet wheel cannot be used; therefore, the teeth on the ratchet 
wheel are a series of 90-degree notches. With this design of 
tooth, i t  is necessary for the thrust of the pawl to be approxi- 
mately perpendicular to the contact surfaces, otherwise the 
pawl will jump out of the notches. 

In operation, lever C swings freely on the hub of the ratchet 
wheel, receiving an oscillating motion from a cam-operated 
connecting-rod. Lever C carries pawl D, which is heavier on 
one side in order to be unbalanced. An extending arm of pawl 

FIG. 5. Ratchet set for movement of slide-bar E to left, in a methaniam 
for forward and reverse movements. 

D is connected to one end of slide-bar E, which is supported on 
a stud fixed to the machine. A light spring provides frictional 
resistance to the movement of the slide-bar during part of the 
cycle. The bar is of reduced thickness at the right-hand end 
and a flanged bronze bushing applies the frictional resistance 
under the action of the spring. The length of the bushing shank 
is such that friction is applied to the thicker section of bar E 
only, as can be seen in the top view. 

Referring to Fig. 5, which shows the mechanism a t  the rnid- 
point of the cycle, lever C is moving toward the left, and pawl 
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FIG. 6. Mechanism showing ratchet engaged for slide-bar movement to 
right. 

D is engaged with one of the notches in the ratchet wheel. As 
lever C moves to the position shown by the dotted outline, it 
rotates shaft A through the action of the ratchet wheel. The 
movement of lever C draws bar E with it, the bar moving with- 
out any resistance a t  this point. 

On the return stroke, one end of pawl D rides back over 
ratchet wheel B without transmitting motion to it. In Fig. 6, 
the mechanism is illustrated at the point where the heavier 
portion of bar E has contacted the bronze supporting bushing 
and the latter now can move only against the resistance created 
by the spring. This causes pawl D to reverse its position so 
that the other end engages a notch in the ratchet wheel, as 
shown. The reverse movement of shaft A begins a t  this point. 

The resistance applied to the movement of bar E holds pawl 
D in engagement until lever C has reached the end of its travel 
to the right, as shown by the dotted outline. When lever C be- 
gins the forward stroke, the resistance applied to bar E causes 
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pawl D to immediately reverse and engage another notch in 
ratchet wheel B for the forward stroke. This mechanism pro- 
duces a forward rotation of shaft A equal to the movement of 
five ratchet teeth and a reverse movement equal to that of two 
teeth. 

Reversing Linear Feed with Adjustable Stroke 

A means was required for guiding wire onto reels by recipro- 
cating a guide head between the flanges. In order to accommo- 
date different flange widths, as well as varying distances between 
hubs, it was found necessary to provide an adjustment for the 
linear travel and relative location of the head. Further, to be 
able to wind different wire sizes on the reel, the linear speed of 
the guide head had to be variable. The mechanism shown in 
Figs. 7 and 8 was designed for the application. 

The guide head A, Fig. 7, is free to travel back and forth on 
two nonrotating shafts B supported by two brackets C. A lead- 
screw D engages a full thread in the guide head and is supported 

FIG. 7. Front view of feed device which provides a continuously revers- 
ing linear movement. Drive wheel and linkage, ahown in Fig. 8, are 

omitted for clarity. 
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Fro. 8. Partial aide view of mechani~m shown in Fig. 7. Movement of 
guide head can be varied by adjueting the poaition of pin Q. 

in journal bearings in brackets C. Stop collars E can be moved 
along the lead-screw and locked in any required position by 
means of set-screws. 

A ratchet gear F is fastened to the lead-screw. Bracket G, 
supported on the lead-screw by integral journal bearings, carries 
a spring H, a slide J, and a pawl K. The slide is restrained from 
rotating by a pin L, but can move up and down in a slot in 
bracket G. Pawl K, mounted in the slide, is free to pivot around 
pin M. A set-screw N ia used to adjust spring H. 

Driving wheel P (Fig. 8), which rotates only in one direction, 
is equipped with a radially adjustable pin Q and is connected 
to the bracket G by the link R. This latter link is free to pivot 
about both of the connecting pins. 

If, in operation, driver P rotates a t  constant velocity counter- 
clockwise, bracket G will oscillate between points U and V. 
When moving toward V, pawl K will override the teeth of the 
ratchet gear and transmit no motion to the lead-screw. In the 
opposite direction, the pawl will engage the ratchet gear and 
rotate it counterclockwise. This, in turn, will move the guide 
head in direction S. 

When the linear movement of the guide head is stopped by 
collar E, lead-screw D is unable to turn, as the guide head is 
retained by shafts B. If bracket G is still forced to move toward 
U and the lead-screw cannot rotate, pawl K will force slide J up 
and compress spring H. This will allow pawl K to flip over from 
position Y to 2. The oscillating movement of bracket G then 
will rotate the lead-screw clockwise and reverse the direction 
of travel of the guide head. When the guide head comes to  the 
opposite stop collar E, the cycle is repeated. 

By adjusting the position of pin Q in direction X or W, the 
oscillating bracket movement can be varied in magnitude. This, 
in turn, will vary the linear movement of the guide head to 
accommodate different wire sizes. 

Machine Counter with Dwell Interval 
Operated Through Slotted Discs 

On a warp machine used in the textile industry, the counter 
which keeps tabs on the amount of yarn drawn is operated 
through a device which incorporates a series of slotted discs to 
obtain a desired amount of lost motion. The reason for this is 
that the device must reverse its rotation several turns after draw- 
ing a certain length of yarn, then must rotate forward the same 
number of turns before more yam is drawn, a t  which time the 
counter must pick up where it left off. 

A drawing of the device appears in Fig. 9. The main element 
is a gear A. Within the gear bore is a series of eight discs B. 
Fastened to the right-hand face of the gear is a flanged plate C. 
On the left-hand face is a second flanged plate D. The latter 
is free to rotate, but is restricted from axial movement by a 
groove in its periphery which engages dog-point set-screws E 
in the gear. Plate D carries connecting-rod F, the top of which 
is joined to the counter (not shown). The entire assembly is 
bolted to the frame G of the machine. 

One of the discs is shown in Fig. 10. Each has a large open 
area in the form of a curved slot H, and a hole J. The width of 
the slot is made greater than the diameter of the hole. This 
construction permits the large diameter of a shouldered pin K,  
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FIG. 9. When gear A is reversed, plate D remains fixed while the lost 
motion is absorbed. 

Fig. 9, to bear in the slot of one disc, and the small diameter of 
the pin to fit the hole of the preceding disc. (For the first disc, 
the small diameter fits a hole in plate C. Similarly, the inner 
face of plate D has a hole accommodating the large diameter of 
the pin, the small diameter of which bears in the slot of the last 
disc.) 

FIQ. 10. Slot H in the disc accommodates the large diameter of one pin, 
and hole J, the small diameter of another pin. 

When gear A is running forward and yarn is being drawn, it 
revolves as a unit with plate D around shaft L, and the con- 
necting-rod operates the counter. The line of transmission 
extends from the gear to plate C, then to each shouldered pin 
and disc, and finally, to plate D. Then when the gear must be 
reversed for several revolutions, plate D remains fixed and the 
counter does not operate. The reason for this is that as the 
reversal is set up, the pin in plate C must be dragged from one 
end of the slot in the first disc to the other before the 
first disc joins in this reverse rotation. Similarly, there is a 
delay of almost a complete revolution before each of the follow- 
ing discs in turn starts its reverse rotation. Thus, a total of 
approximately seven revolutions of backward turning is avail- 
able if required. 

When the gear again runs forward, plate D remains fixed 
until all the pins in turn have been dragged to the opposite end 
of their respective disc slots. At that time, yarn again is drawn 
from the machine and plate D resumes its movement, and the 
counter again operates. 

Direction-Changing Drive 

A large number of machine tool components such as lathe 
saddles, milling and boring machine tables, and boring machine 
heads, incorporate subassemblies that move a t  right angles to 
each other. Usually, each of these subassemblies must be inde- 
pendently reversible. It  is also frequently necessary to synchro- 
nize the movement of the subassemblies to obtain combined 
movement of 45 degrees. A patented, compact direction-chang- 
ing drive, capable of performing all these functions through the 
actuation of a single control lever, is described. 

The outside of the gear-box, from which the gears and control 
lever have been removed, may be seen a t  the left in Fig. 11. 

Four gears, C, D, E, and F, comprise the train. Two of them, 
C and F, are sliding gears and are mounted on the two output 
shafts G and H. The remaining two are fixed gears: gear D is 
an intermediate gear and gear E is the driving gear, being 
mounted on input shaft J. Both sliding gears are moved by 
the action of a single control lever K, view B-B. 
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SECTION A 4  

J 
FIG. 11. Compact gear-box provides single-lever selection of eight direc- 
tional output combinations of shafts G and H from a unidirectional input 

shaft J. 

When the control lever is moved at right angles to the center 
line of sleeve L, sliding gear F will be shifted by means of arm 
M. This provides positive control over the engagement of the 
sliding gear with either intermediate gear D or driving gear E. 
This may be more clearly seen in the developed section of the 
gear train, Fig. 12. Movement of the control lever in a direc- 
tion parallel to the center line of sleeve L will cause the shifting 
of sliding gear C through the action of push-pull rod N and offset 
bellcrank 0. In this way, through the movement of only one 
control, eight drive motions can be called upon. A ninth, neu- 
tral position is represented by the gear arrangement shown in 
Fig. 12. 

The position of the control lever, together with the positions 
assumed by the involved gears for each of the eight obtainable 
output motions, are shown in Fig. 13. In each of these cases 
input shaft J is rotating in a counterclockwise direction as 
viewed from the output side of the unit. When control lever K is 
pulled away from the gear-box, as seen a t  P, gear C is moved to 
the left into engagement with driving gear E. This causes output 
shaft G to rotate in a clockwise direction as indicated by the 
arrow. I t  may be noted that intermediate gear D and driving 
gear E are engaged a t  all times. 

FIG. 12. Developed section of gear train showing types of geara and their 
paition when the control lever is in a neutral poeition. 

FIG. 13. Diagrammatic repreeentation of the gear and lever positions for 
each of the eight output variations pomible with the direction-changing 

drive. 
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At Q is shown the condition resulting from pushing the control 
lever toward the gear-box. Gear C is now forced to the right 
into engagement with gear D. The rotation of output shaft G is 
reversed, rotating in the same direction as the input shaft. 

To activate output shaft H only, the control lever is first re- 
turned to neutral. When it is then moved to the left, as a t  R, 
sliding gear F is engaged with the driving gear and a clockwise 
rotation is imparted to shaft H. Reversal of this motion is 
accomplished by moving the control lever to the right, thus 
engaging gear F with gear D. This arrangement is seen a t  S in 
Fig. 13. 

Four additional sets of movements may be had by combining 
the basic settings. An example of this is seen a t  T where both 
output shafts are being rotated in a clockwise direction. In this 
case, the control lever is pulled away from the gear-box to en- 
gage gear C with gear E, and then moved to the left so that 
gear F will also be engaged with gear E. 

To reverse both output shafts to a counter-clockwise rotation, 
as at  U, the control lever is pushed toward the gear-box and 
then moved to the right. This slides both gears C and F into 
engagement with gear D. The remaining two settings, shown 
a t  V and W, illustrate the two additional sets of movements 
that can be obtained by means of simple two-directional shift- 
ing of the single-lever control. 

Adjustable Reversing Traverse Mechanism 

A mechanism designed for guiding flat wire on reels by tra- 
versing a feed unit back and forth between the reel flanges is 
shown in Fig. 14. The reels were of different widths, and with 
various distances between the hub faces and the flanges. It was, 
therefore, necessary to provide an adjustment for the amount of 
linear movement of the feed unit and also for the relative loca- 
tion of the movement alternations. 

The wire-feeding unit reciprocates back and forth along two 
nonrotating shafts A, Figs. 14 and 15. These shafts are sup- 
ported by two brackets B, only one of which is shown. Bracket 
C (the wire-feeding unit) is free to slide on shafts A. This 

I I 
FIG. 14. End view of mechanism that provea an adjustable reversing 

traverse movement. 

bracket carries a swinging lever D, which is provided with two 
half-thread arms that alternately engage one of two threaded 
portions of rotating shafts F. Either one of shafts F may be 
a driver to transmit rotation in the reverse direction through 
gears J. The threaded portions of shaft F may both be right-hand 
or both left-hand, depending upon the direction of rotation of 
gears J. Bracket C also carries a swinging weight E which has 
lower projections that alternately contact the upper surface of 
lever D. 

Bracket G can be moved along shafts A and locked in any 
required position by means of a set-screw. This bracket carries 
a cam-plate H and a bar I. A similar bracket with parts H and 
I positioned in reverse positions, as shown in the dotted dia- 
grams a t  the left in Fig. 15, is mounted on the other end of 
shafts A. Brackets G are positioned to  control the distance by 
the feeding unit and the location of the movement relative to 
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FIG. 15. Top and front viewe of mechanim that provides a reversing 
traverse movement which is adjustable for poeition and length of traverse. 

the machine. The wire is guided between two pins K moved on 
bracket C. 

Bracket C is moved in the direction indicated by the arrow 
when one of the half-threads on lever D engages one of the 
threaded shafts F. When this occurs the cylindrical projection 
of weight E has contacted plate H, caueing weight E to be tipped 

off center, as shown in Fig. 14, so that one of its projections con- 
tacts the upper surface of lever D. Lever D, however, cannot 
pivot a t  this point because the projection on its left-hand end is 
retained by the projecting portion of bar I. 

In the top view of Fig. 15 bracket C has moved to a point 
where the projecting end of lever D is about to emerge from 
under bar I. When bar I has been cleared, lever D will be per- 
mitted to swing under the action of weight E. This will cause 
disengagement of the half-thread from one shaft F and engage- 
ment with the other shaft so that the direction of the linear 
movement of the feeding unit is reversed. 

The purpose of bar I is to closely control the timing of the 
mechanism reversal and to prevent the half-nuts from lifting out 
of the shaft threads while weight E is swung to the opposite side. 
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CHAPTER 7 

Reciprocating Motions Derived from Cams. Gears, and Levers 

Described here are mechanisms which give reciprocating mo- 
tions derived from cams, gears and levers. Cams, gears and/or 
levers may be used to vary the stroke in some way or to impart 
a mechanical movement essential to meet a particular operating 
requirement. 

Other reciprocating mechanisms, based on the action of gears, 
cams and levers are described in Chapter 9, Volumes I and 11, 
and Chapter 7, Volume I11 of "Ingenious Mechanisms for De- 
signers and Inventors." 

Slow Reciprocation of Grinding Wheel 
Obtained from High-Speed Drive 

Slow reciprocation of the abrasive wheel on a special center- 
less grinding machine is obtained from the high-speed rotary 
movement without the need for a reduction gear by means of 
the mechanism shown in Fig. 1. Reciprocation is accomplished 
by means of an axial cam drive and an additional pulley on 
the grinding wheel spindle. 

Grinding wheel spindle A can rotate and slide in adjustable 
bearings B. Sleeve C, on which grinding wheel D is mounted, 
is pinned to the spindle. The wheel is rotated by belt E,  which 
is mounted on a split pulley (F and G). Half-pulley F is 
screwed on sleeve C, while adjustable member G is secured to 
F by set-screws. By varying the axial location of member G, the 
effective diameter of the pulley and, consequently, ita speed 
can be changed. A second pulley H - this one freely mounted 
on the spindle - is rotated by belt J. Mounted between thie 

1 66 

FIG. 
cam 

I J 
1. Slow reciprocation of grinding wheel D ie obtained by an axial 
drive mechanism. Freely mounted pulley H must rotate at  a differ- 

ent speed than the wheel-driving eplit pulley F and G. 

pulley and the right-hand bearing is a bronze washer K, and a 
pin L is pressed into the left-hand face of the pulley. 

A helical cam surface provided on the right-hand end of 
sleeve C is kept in contact with pin L by spring M. Belts E  
and J can both be driven from the same shaft, but they must 
rotate the split pulley (F and G)  and pulley H a t  different 
speeds in order to reciprocate the grinding wheel. If these pul- 
leys were rotated a t  the same speed, there would be no relative 
motion between the pin and the contact point on the cam sur- 
face. However, as soon as there is a difference in the pulley 
speeds, the grinding wheel is reciprocated. The rate of recipro- 
cation depends upon the difference in pulley speeds, and the 
length of stroke is controlled by the rise on the cam surface, as 
indicated on the drawing. 

Geared Five-Bar Linkage 
for Straight-Line Motion 

On an  automatic machine where i t  was desired to  guide a 
machine member along a straight line it was not possible to 
provide a guiding surface for the member. The solution ie shown 
in Fig. 2. 
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FIG. 2. Simple mechanism for obtaining straight-line motion through 
gearing. 

In this movement driving shaft A carries gear B which is in 
mesh with gear C. Gear B is keyed to shaft A, and gear C, to 
shaft D. Both gears carry two studs E and F a t  equal radii 
from the centers of their respective shafts. They are also located 
so that angle Y is always the same for both studs. Links G and 
H, which are attached to the two studs, are of equal length. 
When gear B rotates, it drives gear C, and point I moves on a 
straight vertical line. 

Reciprocating Cam with Half-Cycle Dwell 

An irregular reciprocating motion was required on a machine 
used in the production of a formed wire part. This indicated 

the necessity of a cam. Due to the absence of a rotating part to 
which a conventional cam could be attached, it was decided 
to use a nearby reciprocating member to carry a straight cam. 
This, however, presented one drawback in that a reciprocating 
cam transmits motion to the follower on both the forward and 
the return strokes, the movement being reversed on the latter. 
As this was not permissible, the modified cam shown in Fig. 3 
was designed. 

Cam-slide A rides in a dovetailed groove machined in a sta- 
tionary part B of the machine. Follower C contacts the cam 
surface of the slide, as shown a t  X. Adjacent to the cam-slide is 
a short groove in which rides a small slide D. Friction is main- 
tained on the slide, which is slightly higher than the cam Bur- 

FIG. 3. Follower receives motion from reciprocating cam during forward 
stroke, but dwells during return stroke. 
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face, by spring E. The spring is retained by a stud that passes 
through a slot in the base of the slide. Two pins F and G pro- 
trude from the side of the cam. 

The components can be seen at X in the position they assume 
a t  the beginning of a stroke. As the cam-slide moves in the 
direction of the arrow, follower C traces a path along the cam 
outline, as shown a t  Y. Continued movement of the cam permits 
pin F to contact slide D and force it under the follower, as illus- 
trated in view Z. Due to the height of the small slide, the fol- 
lower is lifted out of contact with the cam. This completes the 
first phase of the cycle of operation during which the desired 
reciprocating motion was transmitted to the follower linkage. 

On the return stroke of cam A, pin F breaks contact with the 
small slide, which is held stationary by spring friction. The fol- 
lower, being supported on slide D, also remains stationary. At 
the end of the return stroke, pin G strikes the opposite side of 
the small slide, forcing it to the left, as shown again at  X. In 
this manner, movement of the follower takes place during the 
initial half of the cycle only. During the second half of the cycle 
a dwell period is substituted for the follower movement. 

Mechanism that Develops Two Reciprocations 
with One Drive-Shaft Revolution 

On a machine designed for producing a twisted wire product, 
it was necessary that two reciprocations back and forth be im- 
parted to a wire guide for each rotation of the driving shaft. It 
was also required that the twi&ing spindle be given two cycles 
during the same period, each cycle consisting of one and one- 
half rotations in either direction, in synchronization with the 
guide. To accomplish these movements, the trammel gear mech- 
anism shown in Fig. 4 was developed. The wire guide is indi- 
cated a t  E. Shaft J operates the twisting spindle. 

The drive-shaft revolves disc A in the direction indicated by 
the arrow. Disc A is provided with two perpendicular radial 
grooves, in each of which one of two blocks B is free to slide. 
These blocks are pivoted on studs carried on connecting-rod C, 
which is attached to slide D. Slide D carries the wire guide 

FIG. 4. Mechanism that incorporates a trammel gear for effecting recip- 
rocating and oscillating motione. 

and a rack F that meshes with gear G. Gears G and H are 
fastened together and rotate freely on the stud shaft on which 
they are mounted. Gear H meshes with gear I ,  which is attached 
to the twisting spindle shaft J. 

Blocks B, being placed in slots perpendicular to each other, 
maintain their relative positions regardless of the circumferential 
position of disc A. As the disc revolves, the outer block B is 
caused to rise in its groove by the movement of the inner 
block B. The rotation of disc A acting on the outer block B 
causes the inner block to be drawn to the right as i t  rises. The 
combination of the two movements causes the blocks to move 
around the path of an ellipse which has its major axb on a center 
line extending between the center of disc A and the center of the 
connecting-rod stud on slide D. 



172 RECIPROCATING MOTIONS - CAMS, GEARS, LEVERS RECIPROCATING MOTIONS - CAMS, GEARS, LEVERS 173 

The dotted outlines of the slots in disc A and of the con- 
necting-rod C indicate their relative positions when disc A has 
been rotated about 60 degrees from its original position a t  the 
beginning of the cycle. At this point, slide D has moved die- 
tance X. When disc A has completed 90 degrees of rotation, the 
inner block will be on the center of rotation in the groove which 
is vertical a t  that time, and the outer block B will be on the 
right-hand side of center in the horizontal groove. This com- 
pletes the movement of slide D in one direction. Continued ro- 
tation of disc A will reverse the movement of slide D and return 
i t  to the starting point a t  180 degrees of disc rotation. Thus, 
a one-half rotation of disc A produces one complete cycle in the 
movement of slide D. 

The length of the stroke given to slide D is governed by, and 
is equal to, the center distance between the studs in blocks B. 
Incidentally, by providing an adjustment for the inner stud, 
variations in the length of the slide stroke may be accomplished. 
The action of the movement is not affected except in the degree 
of shaft J rotation, which is governed by the movement of slide 
D. 

Modified Eccentric Provides 
Rest Interval 

In the fabrication of a wire product, a slide-actuated mech- 
anism was required to transfer the part being made from a load- 
ing station to a work station, and then to an unloading station. 
The part was to be loaded on the forward stroke of the transfer 
slide, and unloaded on the return stroke. I t  appeared that a 
rotating eccentric disc offered the simplest method of moving 
the slide. This did not, however, prove entirely satisfactory 
because the velocity of the slide was too great when passing the 
unloading station to permit certain discharge of the part. 

The difficulty was overcome by modifying the eccentric mech- 
anism to provide a rest interval a t  the mid-point of the return 
stroke without otherwise affecting the work cycle. Figure 5 
shows a mechanism that was satisfactory. Side views of the 
device are shown a t  X and Y and an end view a t  Z. 

X " t 

FIG. 5. By having the center of disc C momentarily coincide with the 
axis of shaft A ,  a rest interval is introduced in the action of this eccentric 

mechanism. 

The shaft A which drives the mechanism is supported on 
bearings, not shown, and rotates in the direction indicated by 
the arrow. Keyed to this shaft is a block B fitting a rectangular 
slot cut through a disc C. Encircling the disc is a ring D integral 
with the rod E which extends to the transfer slide. Wear plates 
F support the disc. A bar G on block B carries studs that retain 
springs H. The opposite ends of springs H are anchored to studs 
attached to the wear plates. 

A cam-plate J is fastened to one face of the disc. The greater 
part of the periphery of the cam-plate forms a n  arc that is con- 
centric with the disc. Supported on a stationary bracket K is 
a roller L with which the cam-plate comes into intermittent 
contact during the functioning of the mechanism, and thus sets 
up a rest interval. 

In view X, the disc center is offset from the shaft axis by 
a distance d, being in effect a conventional eccentric arrange- 
ment. The springs serve to keep the block a t  one end of the 
rectangular slot in the disc. In the position shown, the rise 
section of the cam-plate has just contacted the roller. Further 
rotation of the shaft causes the roller to act on this section, 
creating a movement of the disc center toward the axis of the 
shaft. 
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As can be seen in view Y, the curved section of the cam-plate 
has mounted the roller. (The vertical position of the bracket 
is such that distance r equals the radius of the cam-plate.) Dur- 
ing this period, the axis of the shaft and the disc center coin- 
cide, so no movement is transmitted to the eccentric ring. Thus, 
during the rotation of the shaft, the transfer slide remains a 
complete rest for an interval determined by the magnitude of 
angle a. 

The radial position of the block and cam-plate J on the disc 
is, of course, arranged to time the rest interval to the desired 
point in the return stroke of the slide. As the shaft continues 
to rotate, the contact of the cam-plate with the roller is ter- 
minated, and until contact is again made, the mechanism oper- 
ates in the manner of an ordinary eccentric. 

Two Slides Reciprocated Intermittently 
from One Source 

Figure 6 shows a device used on a machine for producing a 
woven wire product. Its purpose is to carry strands of wire 
into the required positions in proper sequence. 

Three views show the mechanism a t  different points in its 
operating cycle. Referring to view X, spur gear A rotates 
freely on a stud that is carried by a long bar B, moved by a 
cam (not shown). 

Gear A meshes with two rack slides C and D, one above and 
one below. Rack C is free to slide and is retained by plate E. 
Two pins F protrude from this plate and act as stops. 

Rack D is retained by plate G. This plate, however, is held 
against it under the pressure of springs held by a series of studs 
H, so that the rack must overcome a degree of frictional resist- 
ance before it can move. Both racks carry rods J, which are 
flattened and drilled on their outer ends to form eyes for guiding 
the wire strands. 

View X presents the mechanism a t  the beginning of the cycle. 
At this point, rack slide C is in contact with right-hand etap-pin 
F. When bar B is moved to the left, rack D resists movement 
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due to spring-loaded plate G. As rack C is not subject t o  such 
pressure, the gear is caused to rotate in a counterclockwise 
direction, rolling on the lower rack while carrying the upper rack 
with it. 

This movement continues until, a t  the midpoint of the for- 
ward stroke, rack C is halted by left-hand stop-pin F - the de- 
vice then being in the position shown in view Y. At this point, 
bar B has advanced through distance V, while rod J has traveled 
twice that distance. 

Rack C is now restrained, so that continued movement of 
the main bar will overcome the friction of rack D. Now, rotation 
of the gear is reversed as it rolls on the upper rack while carry- 
ing the lower rack with it. This movement continues until the 
end of the forward portion of the cycle, leaving the mechanism as 

FIG. 6. Eyelet rode, J, are advanced and retracted intermittently by 
rotation of gear A on reciprocating bar B. 
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shown in view Z. The gear has advanced through distance W 
from its position in view Y while the lower rod J moved twice as 
far, bringing the eyes of the two rods into alignment in the 
forward position. 

During the return half of the cycle, rack C is drawn back 
to the right-hand stop and rack D follows. In this manner, the 
upper rod is the first to move forward and the first to return. 
The operating cam is designed to provide a period of rest a t  
each position so that work can be performed on the wire strands. 

Mechanism Which Increases Movement 
by Levers and Chain 

On a packaging machine it was necessary to provide a transfer 
movement for operating a slide. However, the movement of the 
slide had to be much greater than could be obtained with a 
direct connection. The drawings show a mechanism designed to 
provide the necessary increase of movement for the added slide. 
In  Fig. 7 the mechanism is shown by solid lines a t  the beginning 
of the movement, and in dotted line? at the end of the move- 
ment, and also in an intermediate position. A bottom view of 
the mechanism is seen in Fig. 8. 

FIG. 7. Lever and chain mechanism designed to impart a traverse much 
greater than obtainable through a direct connection. 

FIG. 8. Bottom view of mechanism which increases movement by levers 
and chain. 

Bar A transmits motion from the existing slide to lever B of 
the added mechanism. Lever B is free to pivot in the same 
direction on fixed stud C. Sprocket D is locked on stud C. The 
sprocket is connected by a roller chain to sprocket E on shaft F. 
The shaft is free to turn in its bearing on the upper end of lever 
B. Lever G is attached to shaft F and carries a stud to which 
bar H is attached. Bar H transmits motion to the added slide. 

When bar A is moved in the direction indicated by the arrow, 
lever B pivota in the same direction. As this occurs there is a 
change in the wrap-around position of the chain on sprocket D. 
This causes lever G to swing on the sprocket axis. Rotation 
continues until lever B reaches the end of its movement, at 
which position lever G has made a half-rotation. Its position 
ia horizontal, as a t  the beginning of the cycle. However, lever 
G has been reversed relative to lever B. Thus, double the 
length of lever G has been added to the horizontal movement of 
shaft F. 

Positions of lever G a t  the ends of the movement are con- 
trolled by the ratio of sprockets D and E relative to movement 
of lever B. The increase in the movement of bar H over that of 
bar A is indicated by the difference in the dimensions X and Y. 
Increase or decrease in the movements of bar H may be accom- 
plished by a change in the length of lever G or, if adjustment is 
desired, lever G may be slotted to permit relocation of its stud 
which carries bar H. 
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Bead Chain Drive Turns Shaft 
on Moving Perpendicular Axes 

In a mechanism designed for use on a wire fabricating ma- 
chine for the purpose of guiding slowly moving strands of wire 
through a machine, rotary motion is transmitted from a shaft to 
two elements which continually change their positions relative 
to the drive-shaft. In addition, the driven shafts are positioned 
with their axes of rotation perpendicular to each other. The in- 
tention is to place the wire strands at various angles off their 
normal position at selected points in the cycle as determined by 
the wire pattern requirements. Figure 9 is a plan view of the 
mechanism; Fig. 10 is a front view; and Fig. 11 is a view of Fig. 
9 from the right. 

In the sketches the drive shaft A carries a bead chain sprocket 
B and may rotate in either direction. Bead chain idler sprocket 
C rotates on a stud mounted to the bed of the machine. Slide 

FIG. 9. Plan view of wire guide ahowe drive A and ita relationship to the 
syatem of motiona of the wire W ae controlled by movement of slides D 

and K. 
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FIG. 10. Bead chain drive of disce F and I requires but little torque. Thie 
is a front view of the rnechaniam. 

D, which is cam-operated, carries the sprocket E and disc F, 
keyed together and rotating freely on a stud. Two idler eprock- 
ets G are applied to maintain chain contact. Disc F carrim a 
grooved pin which engages one strand of wire W to periodically 
place it in an angular position relative to its original straight- 
through position. Slide K, also cam-operated, carries a pillow 
block and shaft on which sprocket H and disc I are mounted. 
Disc I, like F, also has a grooved pin. Idler sprockets J are 
mounted on brackets carried by slide K. 

In operation, slides D and K are moved intermittently by 
individual cams which are designed to provide the motion as 
programmed by the pattern to be produced in the product. In  
Fig. 9 the wire W is shown moved from ita normally straight 
path. Figure 10 shows all parts in the same relationship as in 
Fig. 9, but another wire, W2, has also moved from its normally 
straight path. If the pattern required, either or both slidee D 
and K could remain stationary while the disca F and I are given 
a number of rotations. In some wire design sequences, one slide 
may remain permanently in position while the other slide is 
moved in a required sequence. Because drive-shaft A rotatea 
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FIG. 11. Continuous rotation of wire guides on discs F and I sets up a 
"lay" pattern woven in a wire fabric, as shown by this right-hand view of 

the machine component plan seen in Fig. 9. 

continuously, discs F and I also rotate continuously, regardless 
of the positions or movements of the slides. Any movement of 
slides D and K varies the angularity of the wires. In Fig. 9, 
disc F is shown dotted in its extreme position to the riglit, and 
indicates the change in the position of the wire as compared 
with the position represented by the solid outlines. 

This mechanism operates a t  low speed under light load; there- 
fore, a bead chain is ideally suited for transmitting motion 
from the drive to the perpendicular planes of rotation. 
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Reciprocating Drive Functions Around Roller Chain 
During the development of a new product, the need arose 

for a simple reciprocating drive capable of operating under 
heavy loads. A stroke of 24 inches in length was required, but 
space considerations ruled out the use of conventional crank 
and lever type drives. 

To meet these conditions, the illustrated sprocket and roller 
chain drive was developed (see Fig. 12). Either one of the two 
sprockets A or B can be used as the driving member, the re- 
maining sprocket serving as an adjustable idler. Roller chain C 
is of standard design with one exception, one of the link rivets 
has been replaced by a long pin D. On each end of this pin is 
a roller E, held in place by cotter-pins. 

In operation, the rollers are located between two follower- 
plates F, and also drive against them. The followers fit closely 
within slots in housing G and are held in place by cotter-pins on 
both the top and bottom. A gap is cut in one leg of the follower- 
plates to provide clearance over the sprocket hubs when the 
housing is a t  either end of the stroke. Bracket H is welded to 

FIG. 12. Roller chain imparts reciprocating driving motion to mechine 
slide (not shown). Rollers E engage follower-platee F which carry slide 

bracket H with them in both directiona of travel. 
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housing G and bolted to the machine slide to be reciprocated 
(not shown). 

As the roller chain moves with the two rollers E, located be- 
tween the follower-plates, linear motion is imparted to the 
housing and then to the machine slide. When the chain link 
supporting the rollers reaches one of the sprockets, it descends, 
changing direction and returning on the lower span of the chain. 
Remaining between the two followers, the rollers now drive the 
housing and the machine slide in the opposite direction, provid- 
ing the desired reciprocating motion. 

Gear and Clutch Mechanism 
for Variable Operating Conditions 

The various slides of multiple-slide wire-bending machines 
must be operated at different lengths of stroke, speeds of 
travel, and dwell periods a t  points of reversal because of dif- 
ferences in the thickness, springiness, and shape of the material. 

The principal operating features embodied in the mech- 
anism are shown in Fig. 13. A short connecting-rod A has one 
end affixed to an eccentric (not shown), attached to a continu- 
ously revolving shaft. The other end of the rod is attached to 
lever B by means of pin C. Lever B is fastened to shaft D by key 
E, the shaft being mounted in bearings supported by the ma- 
chine frame. Also keyed to shaft D and located behind lever B, 
is a spur gear F. 

Gear F meshes with gear G, which is mounted to rotate freely 
on stationary shaft H which is rigidly attached to the machine 
frame. Both gears are of the same size and are located on hori- 
zontal center lines. Swinging freely on a slightly reduced 
shouldered portion of shaft H is a lever I. One end of this lever 
is linked to the connecting-rod J by means of pin K, and the 
opposite end is linked directly to a former-slide. 

The lower end of lever I has a large boas W, in the center of 
which is a tapered hole. Fitting smoothly in this hole is a 
circular cone clutch ring L, which is keyed to the stationary shaft 
H by key M. Shaft H projects beyond the clutch ring, the ex- 
tension being externally threaded for lock-nuts N. By adjusting 
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kl~. 13. Gear and dutch mechanism which produw a reciprocating 
motion with dwell periodr. The driving and driven membere are connect- 

ing-& A and d ,  respectively. 
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the setting of these nuts, variable pressures can be imposed 
on the clutch ring in its engagement in the tapered recess of 
lever I. With this arrangement a certain degree of frictional 
restraint can be imparted to the swinging movements of lever I 
and connecting-rod J ,  as well as all other driven members con- 
nected to  them, a t  each point of movement reversal. 

Lever I and gear G are connected by two stop-dogs R which 
bear on the sides of lever I. The face of the gear has a concentric 
T-slot 0. Two T-bolts P are placed in this slot through the 
rectangular opening Q. Two hardened steel stop-dogs R, pro- 
vided with tongues to suit slot 0, are circumferentially adjust- 
able. They may be locked to the face of the gear by nuts S on 
T-bolts P. 

Each stop-dog has a tapered contact nose T for bearing 
against a flat lug U on each side of lever I. If the dogs are ad- 
justed to bear directly against lugs U, there are no dwell periods. 
On the other hand, by setting one of the dogs back from its cor- 
responding lug U to leave a gap, as indicated, the drive between 
gear G and lever I will be interrupted, and there will be a short 
period of inaction, or dwell, of the lever and the former-slide. By 
applying sufficient pressure on the clutch ring, any movement 
of lever I and the former-slide will be arrested when the dwell 
point. are reached, yet the lever will be permitted to slip over 
the clutch mechanism when a positive driving pressure is again 
imparted to the lever. 

In operation, the relative positions occupied by the respective 
levers and gears at  the beginning of the forward working stroke 
of connecting-rod A are shown by the heavy lines in Fig. 13. 
Rod A and lever B have, in fact, moved a slight amount toward 
the right to bring the stop-dog on the left-hand side of lever I 
into direct contact with bearing lug U on the same side of the 
lever. The positions of the driving and driven levers are indi- 
cated a t  a and c, respectively, and from this position all move- 
ment of rod A to the right will be transmitted positively to the 
connecting-rod J with all members moving in exact unison. Con- 
necting-rod J and the former-slide attached to it will travel a t  
precisely the same speed as connecting-rod A, since gears F and 

G have a one-to-one ratio and levers B and I are the same 
length. 

When rod A reaches the extreme right-hand limit of its move- 
ment, as shown by the dotted lines at  6 ,  rod J and lever I will 
have reached position d. With the return movement of rod A, 
however, the driven members will remain stationary for a certain 
period, or until the stop-dog R on the right-hand side of lever I 
is brought to bear against lug U on that side of the lever. When 
this contact takes place, the lever will be drawn toward the left 
in unison with the movement of rod A. At the termination of 
this return stroke, when rod A and lever B have been drawn 
slightly to the left of the positions indicated a t  a, a second dwell 
period will occur, which lasts until the left-hand dog R bears 
against the adjacent lug of handle I. 

The dwell periods may be varied by setting the dogs in dif- 
ferent positions on the driven gear. Respective movements of 
levers B and I will then be different; the latter will have a 
shorter length of travel. The different stroke lengths are 
shown a t  e and f .  

A modification to  produce a wider range of stroke and dwell 
adjustments is illustrated in Fig. 14. This is accomplished by 
using gears of other than a one-to-one ratio, and by providing 
a series of connected holes in the end of the driving lever B to 
permit varying the radial setting of rod A. The fifteen-tooth 
intermediate gear shown reverses the stroke direction. 

Linear Movement Reduced 
by Differential Chain Drive Mechanism 

A machine producing a woven wire product was required to 
have two strands of wire traversed across i t  simultaneously at 
different rates of travel and over different distances but with 
the same time cycle. Figure 15 shows a mechanism designed to 
perform this task. 

Bar A ia slidably dovetail-mounted in a stationary part of the 
machine, and is caused to reciprocate by a cam, not shown. Bar 
B is slidably dovetail-mounted in bar A, and carries two sprock- 
ets C which are free to rotate on their studs. Block E is at- 
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FIG. 14. Modification of mechanism shown in Fig. 13, which provides 
reversal of stroke direction and various stroke length8 and dwell periods. 

tached to a stationary part of the machine. Two chains D en- 
gage sprockets C, one end of each chain being attached to block 
E ,  the other end being attached to bar A. The guides that 
direct the path of the wire are not shown. One of these guides 
is attached to bar A,  and the other to bar B. 

In the upper view, the assembly is shown a t  the mid-point of 
the traverse movement. In the lower view, the assembly is seen 
a t  its extreme left-hand position. In operation, the bar A, in 
moving toward the left, cames with it the two lower ends of 
the chains D. This movement results in an increase in the 
tension of the chain on the right, and a decrease in the tension 
of the chain on the left, so that motion is transmitted to the 
bar B through the right-hand sprocket C. As the left-hand 

sprocket C travels with bar B, it is impossible for slack to de- 
velop in the left-hand chain D. 

Thus, due to the fact that the upper ends of the chains D are 
fixed in position and that the sprockets are movable, a differ- 
ential motion is produced which results in a 50 per cent reduc- 
tion in the length of the travel movement of the bar B, as indi- 
cated by the distances X and Y, in which X represents the 
movement of bar A, and Y represents the movement of bar B. 
The bar B therefore follows the same motion pattern as bar A, 
but to a reduced magnitude. 

Variable Reciprocating Motion 
Derived from Uniform Rotation 

On a machine used in making a formed wire product, the 
partly completed piece is transferred to various positions for 
the different operations. One of these transfer movements is 
accomplished by the use of an eccentric operating a reciprocating 
member. Owing to variations in the size of the work-pieces, it 
is necessary that the distance through which the part travels 

FIG. 15. Differential chain mechanism designed to reduce linear move- 
ment of slide. 
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from the point of transfer be varied without stopping the ma- 
chine. It  is also necessary that the loading position, which is 
the location a t  which the cycle is started, remain unchanged, 
regardless of the adjustment in length of stroke. 

Figure 16 shows a mechanism that was designed to obtain 
the desired variable reciprocating motion from uniform rotation 
of an eccentric. Eccentric A, which rotates at a uniform rate to 
operate the mechanism, transmits reciprocating motion to slide 
B through the follower C. This slide is supported in machine 
frame E, and carries another slide F, which is free to recipro- 
cate in the dovetailed slot in slide B. Slide G, also supported in 
machine frame E, carries a roller H which engages an angular 
slot in slide F. At one end of slide F is mounted another roller 
P, which engages a groove in the adjustable block J. This block 
is keyed to the vertical shaft K, which is supported in bracket L. 
Shaft K also carries worm-gear M which meshes with worm N. 
The worm, mounted on bracket L, is rotated by handwheel 0 to 
adjust angle of block J. 

In operation, the rotation of eccentric A, which is shown in 
the plan view (center sketch) with follower C in its extreme 
right-hand position, causes slide B to move to the left. As slide 
G is connected to slide B by roller H in slide F, slide G is also 
moved to the left. As roller P operates in the groove in block 
J (which is shown set a t  an angle with relation to the line of 
motion of slide B),  the movement of slide B causes slide F to 
move in the slot in slide B. 
This movement of slide F, caused by the action of roller H in 

the angular slot in slide F, results in motion being transmitted 
to slide G, in addition to the motion that is directly applied by 
the movement of slide B. However, because of the angularity of 
the slot in slide F, any movement of this slide in the direction 
shown produces motion of slide G in the reverse direction, or 
to the right. This reverse motion subtracts from the movement 
transmitted to slide G by slide B, the movement of slide G being 
the resultant of the two motions. 

In the partial plan view (top sketch), from which some of 
the parts have been omitted for clarity, slide B has completed 

PARTIAL PLAN V I  

SIDE VIEW 

FIG. 16. Mechanism designed to obtain variable reciprocating motion of 
work-transfer elide G on a wire-forming machine from an eccentric A that 
ie rotated at a uniform rate. The length of stroke of slide G ia controlled 
by the angular setting of block J, which can be varied by rotating hand- 

wheel 0. 
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its movement to the left, roller C having reached the high point 
on eccentric A. Also, slide F has been moved by the action of 
roller P in the groove in block J. Comparing the position of 
roller H in the plan view with its position in the partial plan 
view, it will be noted that its horizontal position relative to the 
center line of slide F has been moved to the right a distance 2, 
which represents the distance lost in the movement of slide 
G due to the upward movement of slide F. The actual move- 
ment of slide G is distance Y, which is equal to the rise of the 
eccentric A (as indicated by distance X) minus the distance 2. 

As previously mentioned, the angularity of block J can be 
adjusted by the handwheel 0 through worm N and worm-wheel 
M. If block J were set with its groove parallel with the line of 
motion of slide B, there would be no movement of slide F within 
slide B. As a result, there would be no lost motion, and the 
movement of slide G would be equal to the movement of slide 
B. If block J were rotated counter-clockwise beyond this par- 
allel setting, the resultant downward movement of slide F would 
cause an increase in the movement of slide G over that of slide 
B. The setting of block J should not be perpendicular or almost 
perpendicular to the line of motion of slide B, since binding 
would occur. 

I t  should be noted that in the plan view (center sketch) 
the axes of shaft K and roller P exactly coincide, This condition 
will exist a t  all times when roller C is a t  the low point on eccen- 
tric A, regardless of the angularity of block J. Therefore, the 
loading point of the transfer movement will remain unchanged, 
regardless of the stroke adjustment. 

Modified Eccentric 
Provides Adjustable Die Stroke 

On a machine employed for producing stamped wire products, 
one of the dies is carried on a reciprocating slide. In the orig- 
inal design of the reciprocating mechanism, shown a t  the top 
in Fig. 17, the slide C on which the die was mounted fitted into 
a dovetail in the bed of the machine, and was reciprocated by 
an eccentric B carried on a rotating shaft A. Despite the fact 

FIG. 17. In original design of reciprocating mechanism (top), the high 
point of eccentric A wore rapidly. In modified design (center and bot- 
tom), contact plates D are adjustably mounted on slide C to provide take- 

up for wear. 

that the contact surfaces of the eccentric and plates D were 
hardened, wear on the high point of the eccentric soon resulted 
in lost motion. 

Since the only means of correcting the lost motion was to 
refinish the contact surfaces of the eccentric and the wear plates 
and then to apply shims behind the plates, i t  was decided to 
redesign the mechanism to provide take-up for wear. This was 
accomplished by means of the modifications ahown in the center 
and bottom views of Fig. 17. The redesigned mechanism also 
provides a means for varying the length of stroke of slide C. 

In the center view, the outline of the original eccentric is 
shown in broken lines, while the modified eccentric is shown 
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solid. With this modification it can be seen that dimension X 
has been shortened, producing a space Z that results in some 
lost motion before slide C begins moving to the left. As the 
"throw" of the eccentric is equal to Y-X, the reduction in 
dimension X increases the throw, and the modified eccentric 
is therefore capable of moving the slide a,greater distance. Since, 
however, the contact plates D are spaced the same distance apart 
as  in the original design, the effective throw of the eccentric is 
not fully utilized and the travel of slide C is exactly the same. 

When the high point of the modified eccentric becomes worn, 
resulting in a reduction in dimension Y and the travel of the 
slide, the slide travel can be increased by reducing the distance 
between the contact faces of plates D. This is easily accom- 
plished since the plates are adjustably mounted on slide C in 
the modified design. 

Blocks E, carrying screws for accurately adjusting the posi- 
tion of plates D, are also mounted on the slide. Bars F, secured 
to the machine bed, carry adjustable screws which limit the 
slide stroke. 

Adjustable-Stroke Driving Mechanism 
Reciprocating Slide 

The unusual lever driving mechanism shown in Fig. 18 was 
designed to replace an ordinary connecting-rod arrangement 
used to impart a reciprocating motion to a machine slide. This 
slide, indicated a t  H, was an essential part of a wrapping ma- 
chine and had to be driven by a constantly revolving shaft in 
the machine. Adjustments in the position of the reciprocating 
stroke were frequently necessary. 

When making adjustments with the original equipment, it 
was necessary to stop the machine, sometimes three or four times 
in succession, before obtaining the correct amount of slide travel 
or proper positioning of the reciprocating slide in its guideways. 
With the new drive, provision was made for obtaining adjust- 
ments without interfering with the machine drive in any way. 
The mechanism for the control was designed to accomplish 
its purpose in a quick and safe manner. 

Referring to Fig. 18, member A is the driving shaft which 
rotates in a horizontal bearing B. Shaft A is driven a t  a con- 
stant speed of rotation in a clockwise direction by a simple 
spur gear drive (not shown) a t  the rear of bearing B. 

To the front end of shaft A is keyed a cast-iron circular disc 
C, which carries the projecting crankpin D fastened in place by 
a lock-nut a t  the rear of the disc flange. The crankpin is immov- 
able in the disc and cannot be adjusted to obtain variations in 
the length of stroke as in the original drive. Mounted on the 
crankpin is the connecting-rod E, this being retained in the 
correct endwise position by the collar F. 

A connecting-rod G, having the same effective length as E, 
is linked at its right-hand end to the reciprocating slide H by 
pin K. 

Slide H moves in the horizontal plane within the stationary 
dovetail guide track L. The remaining end of links E and G and 

FIG. 18. Adjustable-stroke driving mechanism for reciprocating alide 
pet for minimum stroke length of elide H. 
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the lower end of link N are linked by and pivot about stud P. 
The upper end of arm N is attached to the front of the adjust- 
able slide R by a fulcrum stud Q. 

Slide R is actuated by a fine-pitch lead-screw b. The upper 
end of the lead-screw is guided in the fixed bearing plate e 
fastened to the top of the guide bracket. A handwheel f is keyed 
to the projecting upper end of the lead-screw, so that it may 
easily be rotated. The top surface of the retaining plate W at 
the right-hand side has the accurately measured gradations g. 
The small pointer h, fastened on top of slide R, is set adjacent 
to the graduation marks to facilitate setting the slide. 

The position of the stroke of H is adjusted by rotating hand- 
wheel F to change the position of stud Q. I t  should be noted 
that as the length of link N is not infinite, the length of stroke 
will change a small amount as its position is changed. 

Converting Oscillating Circular Motion 
into Variable Reciprocating Movement 

An unusual lever mechanism designed to transform a uniform 
circular oscillating motion into a periodically varying reciprocat- 
ing movement is shown in Fig. 19. This simple and inexpensive 
mechanism was devised to drive the former slide on a special 
wire-forming machine. The slide had to be reciprocated with a 
gradually accelerating rate of speed (faster than that of the 
driving shaft) for a portion of its stroke and an equally deceler- 
ating rate of speed for the remaining portion of its stroke. Means 
also had to be provided for increasing or diminishing the dura- 
tion of these accelerations and decelerations and for altering the 
length of stroke without stopping the operation of the mech- 
anism or machine. 

The driving shaft and the cast iron disc attached to it are 
oscillated through 120 degrees by an eccentric, not shown, acting 
through a short link arm. 

An elongated radial slot is machined in the front face of the 
disc. The length of the slot is determined by the length of stroke 
required for the driven slide and the permissible outside diam- 
eter of the disc. A phosphor-bronze slider block, fitted into this 

I I 
FIG. 19. Mechanism designed to drive a former elide on a special wire- 

forming machine. 

slot, is secured to the end of a lever by means of a threaded 
shoulder-pin and lock-nut. 

The lever is linked to a connecting-rod by means of a pivot 
pin, located in a slot machined in the center of the lever. A 
collar pinned to the projecting end of the pivot pin retains the 
connecting-rod, but allows it to swivel about the pin. The pivot 
pin may be adjusted to any desired position along the slot, and 
is locked in place by a nut a t  the rear of the lever. 

The opposite end of the connecting-rod is attached directly to 
the driven slide (not shown), which has to reciprocate hori- 
zontally. The lower end of the lever is mounted on a stationary 
fulcrum stud that is fixed to the side of a cylindrical adjust- 
ing rod. This horizontal rod is camed in two bearing bosses on 
the machine frame. The lever, thus mounted, can swivel freely 
upon the stud. A flat on one side of the adjusting rod provides 
a bearing surface for the location of the stud and the side of 
the lever. 

Each end of the rod is reduced and threaded, and is provided 
with a knurled lock-nut which bears against the end face of the 
bearing boss. By adjusting the two lock-nuts, the rod can be 
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moved horizontally to give any desired setting for the fulcrum 
stud. A key is provided within the right-hand bearing boss to 
prevent the rod from rotating. 

As shown, the rod has been adjusted so as to bring the center 
of the fulcrum stud exactly in line with the vertical axis of the 
driving shaft and disc. With this setting, the lever will move 
an equal distance - 60 degrees - each side of the vertical cen- 
ter line of the mechanism. The disc is shown about to commence 
its forward oscillation in a clockwise direction. This position 
of the elongated slot in the disc is denoted by X. Both the 
lever and the dide attached to the left-hand end of the connect- 
ing-rod thus are in their extreme left-hand positions. 

As the disc moves clockwise, the lever will be drawn to the 
right. However, since the lever is fulcrumed at a much greater 
radius than that of the shoulder-pin on the disc, the slider 
block will gradually move down the slot and approach the cen- 
ter of the disc. Throughout that portion of the stroke of the disc 
between positions X and XI,  the connecting-rod and the at- 
tached former slide will travel at  an increasingly faster rate 
than the driving shaft. 
When the lever has passed position XI,  however, the slider 

block will gradually move outward in the disc slot, and the 
driven slide will be correspondingly slowed down. This decelera- 
tion will be at  exactly the same rate as an acceleration occurring 
in the first portion of the stroke. When point X p  has been 
reached, reversal occurs. 

Throughout the return stroke from Xz to XI, the speed of 
the lever and the driven member will be increased; their speed 
will be decreased when the lever passes point XI. Thus, for 
each complete oscillation of the disc and its driving shaft, the 
driven slide will receive two accelerations and two decelerations 
of equal duration. 

The maximum stroke is obtainable by adjusting the pivot pin 
so that the connecting-rod is set a t  the highest point within 
the slot in the lever. By moving the pin to the opposite end of 
the slot, so that it lies a t  the shortest possible distance from 
the center of the fulcrum stud, the minimum stroke is obtained. 
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Variations of stroke length ranging between these maximum 
and minimum values can be readily obtained by changing the 
position of the fulcrum stud relative to the vertical axis of the 
mechanism. Such changes can be effected while the mechanism 
is running merely by adjusting the lock-nuts and the lateral posi- 
tion of the adjusting rod in its bearings. 

Unique Pumping Mechanism 
Applied to a Homogenizer 

A mechanism designed to impart pulsations to three plungers 
has been incorporated in a homogenizer. Hydraulic suction and 
pressure are alternately obtained in this equipment by rubber 
pulsators R through the action of pistons P (see Fig. 20). 

The pumping portion of the mechanism, with ball suction 
and discharge valves and a pressure relief value, is shown a t  the 
right-hand end of the drawing. The driving mechanism con- 
sists of a camshaft D, on which are mounted three cams C1, C2, 
and CS, which actuate pistons P. There are three seta of parallel 
pistons, plungers, etc., which extend toward and through the 
pump housing. 

Camshaft D is geared to drive-shaft B. Pistons P, their cylin- 
den, and part of their operating mechanism are constantly im- 
mersed in the actuating fluid, which is oil. 

Each pulsator R is made of synthetic rubber and bonded to 
a sleeve E. A metal support S inside the pulsator is connected 
to cylinder F. Each piston is provided with a collar H that 
transmits the pressure of spring J .  

Rocker arms A pivot on shaft T. Each cam rides against a 
ball-bearing roller G which is mounted on a stub shaft in a 
corresponding arm A. A second ball-bearing roller on this arm 
contacts the left end of the piston. In  the position shown in 
the illustration, cam C1 has pushed piston P into the discharge 
mition, against the pressure of spring J .  When the camshaft 
makes a half revolution, cam C1 will have moved 180 degrees 
to permit piston P to move toward the left and uncover ports 0 
to compensate for any slight oil leakage from the cylinder and 
prepare for the discharge stroke. 



198 RECIPROCATMG MOTIONS - CAMS, GEARS, LEVERS 

I I 

FIG. 20. Triplex type of pumping mechanism which imparb three pulaa- 
tiom to a homogenizer with each revolution of a camshaft. 

Pressure inside the rubber pulsator is relieved a t  this time, 
and it contracts to create a vacuum inside cylinder F1. Liquid 
then flows into this cylinder through the ball suction valve V. 
When cam C1 makes another half revolution, arm A moves 
piston P into the position shown, and forces oil into the rubber 
pulsator. The pulsator then expands and forces liquid out of 
cylinder F,, through the ball discharge valve V, and out through 
the discharge connection. 

The pump, being of a triplex design, makes three pulsations 
for each revolution of the cam-shaft, which insures a relatively 
constant flow of oil. The discharge pressure is measured by a 
gage connected to the cylinder a t  K. 

CHAPTER 8 

Crank Actuated Reciprocating Mechanisms 

The special designs of crank mechanisms described in this 
chapter are for transmitting motion to slides or other parts 
having a reciprocating action. These drives may be arranged 
to produce some special movement, such as, for example, 
arresting the motion of the slide momentarily during some part 
of the stroke or providing a quick return movement to reduce 
the idle period; or the design may be special in that certain 
parts of the mechanism are to be operated a t  constant or 
varying velocities. 

Other crank-actuated reciprocating mechanisms are described 
in Chapter 9, Volume I and Chapter 8, Volumes I1 and I11 of 
"Ingenious Mechanisms for Designers and Inventors.'' 

Oscillating Shaft Driven 
with Simple Harmonic Motion 

In a printing machine i t  was desired that a shaft be rotated 
through 180 degrees, and a t  the same time that the angular mo- 
tion of the shaft be simple harmonic. 

A mechanism that fulfills the requirements is shown in Fig. 1. 
Its mode of operation is as follows: To the input shaft A is 
fastened gear B, which is in mesh with gears C and D (both hav- 
ing the same diameter). Gears C and D rotate discs G and H 
through the shafts E and F, in the same direction and with the 
same angular velocity. Discs G and H carry crankpins I and K. 
They, in turn, carry the rack L, which is in mesh with gear M. 

199 
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FIG. 1. With drive-shaft A ,  in constant rotation, this mechanism cause8 
output shaft N to oscillate with simple harmonic motion through 180 

degrees when proportioned according to the stated formula. 

When discs G and H rotate they will impart a simple harmonic 
motion to gear M and output shaft N. The angle + through 
which N rotates is determined by 

- 

360 ?F r 

With geometrical proportions shown in the sketch, + = 180 de- 
grees. 

Rapid Return and Dwell Period 
Provided by Spring-Loaded Eccentric 

A conventional eccentric and connecting-rod were used to 
apply holding pressure on a wire product during a machine- 
forming operation. Although this setup was satisfactory for the 
job a t  hand, a product design change made it necessary to mod- 
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ify the clamping motion slightly to furnish a quicker release of 
the wire part. This revised mechanism is shown in Fig. 2. 

Eccentric A is free to rotate on hub B of carrier dog C. The 
carrier dog is, in turn, keyed to shaft D, which rotates in the 
direction indicated by the arrow. Pin E is the only connection 
between the eccentric and the dog. The pin, passing through 
eccentric A, contacts carrier dog C during part of the operating 
cycle. 

The end of pin E that protrudes from the front of the eccen- 
tric supports bushing F. An external annular groove cut into 
the bushing carries one end of tension spring G. A pin H and a 
bushing J, supported by the machine frame, carry the opposite 
end of the spring. The machine-slide to be reciprocated (not 
shown) is attached to the upper end of connecting-rod K. 

When the mechanism is functioning, carrier dog C rotates 
with shaft D in a counterclockwise direction until the dog con- 
tacts the end of pin E. Further movement of shaft D will cause 
eccentric A to rotate, a t  the same time extending spring G. The 
eccentric, as shown at X, is in its uppermost position, or point of 
greatest pressure application to the work. Pin E, a t  this point, 
is slightly above the center of shaft D. Continued rotation 

ha .  2. Modified eccentric providee rapid return of machine-slide fol- 
lowed by a dwell period. 
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of the eccentric will cause the high-pressure point to be passed, 
a t  which time spring G will pull the eccentric sharply in its 
normal direction of rotation. As a result of this movement, 
connecting-rod K and its attached machine-slide undergo a 
rapid partial return. 

At Y, in Fig. 2, can be seen the position assumed by eccentric 
A and pin E a t  the end of their spring-induced rotation. The 
tension of spring G prevents additional rotation of the eccentric 
until carrier dog C once again contacts pin E. Thus, in addi- 
tion to a rapid partial return of the machine-slide, a dwell 
period is provided. 

Generating Two Reciprocating Strokes for One 
An arrangement that produces two strokes for each stroke of 

a reciprocating driving member is shown in Fig. 3. Alternate 
movements generated in each direction are of different lengths. 
This mechanism was designed and used to position a forming 
head on a machine for processing a wire product. 

Lever A is mounted on two studs B and C which are located 
on a stationary part of the machine. Two curved slots permit 
movement of the lever of these studs. Each slot is machined 
to a radius centered on the opposing stud (B or C) when the 
lever is in the position shown in view X. Driving member D 
and driven member E are pivoted on lever A by means of studs 
G and H, respectively. In addition, a spring F resists motion of 
the lower end of the lever to the left. Member D is actuated by 
a cam on the wire-forming machine. 

View X shows the device a t  the midpoint of the movement of 
bar D to the left. In this position studs B and C are in contact 
with the ends of their respective slots. As driving member D 
completes its travel to the left, lever A pivots on stud C in the 
lower slot to the position shown in view Y. This causes member 
E to move a distance L in the same direction. On reversal of 
member D, lever A again pivots on stud C returning member E 
to the center position. 

After driving member D passes the midpoint, continued move- 
ment to the right causes lever A to pivot on stud B, again mov- 

Fm. 3. &er arrangement that provides two strokea for every stroke of 
a reciprocating drive rod D. Alternate atrokee in each direction are of 

dierent lengthe. 
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ing member E to the left. At the end of this stroke, member E 
is in the position shown in view Z and has traveled a distance 
M. This is greater than distance L in view Y, due to the change 
in the fulcrum from stud C to stud B. The location of stud H 
relative to  studs B and C also influences the amount of move- 
ment given to member E. 

The purpose of spring F is shown in Fig. 3. In view X mem- 
ber D is moving in the direction shown by the arrow and the 
resistance of member E and its load holds the end of the lower 
slot in lever A in contact with stud C. When member D returns 
t o  the mid-position in the opposite direction, the resistance of 
member E and its load tends to permit lever A to pivot on stud 
H .  However, sufficient resistance to this movement is applied 
by spring F to the lower end of lever A, thus insuring that it 
pivot on stud C. The spring also insures that lever A pivot on 
stud B in returning to the mid-position from the right. 

Rotating Crank that Provides a Dwell 
in Reciprocating Motion 

In a certain mechanism it was necessary to obtain a recipro- 
cating motion with a dwell period at one end of the stroke. 
This was accomplished by designing the crank and cam mech- 
anism shown in Fig. 4. 

The device consists of a crank rotating in the usual fashion 
but  with its crankpin arranged to move radially in a slot pro- 
vided in the crank-arm. Used in connection with a suitable sta- 
tionary cam, a cross-head driven by a connecting-rod can be 
made to follow many different modifications of the reciprocating 
crank movement. Although the cam-follower in this case is 
located on the center line of the crankpin, it can be located to 
suit operating conditions. 

Crank A is keyed to shaft B. Crankpin C and cam-follower 
D are arranged to move radially with a block E which slides in 
a slot in the crank-arm. The block is retained in the crank-arm 
by gibs F. The cam-follower and crankpin are secured to block 
E by means of a screw and nut, as shown in cross-section X-X 
of the assembly. 

Y 

SECTION X-X 

FIG. 4. Rotating crank and cam mechanism producea dwell in recipm- 
cating movement. 

The reciprocating motion with a dwell is obtained when cam- 
follower D moves within a recessed cam-groove G in a stationary 
plate H during the swing of the crank, as indicated in view Y. 
By referring to the diagrams showing the movement of the 
crank device, view Z, it will be apparent tha t  when the follower 
D passes points numbered 0, 1, 2, and 3, the driven member 
will follow the normal crank-arm arc. However, since the path 
through points numbered 5 and 6 is concentric with the point 
a t  which the connecting-rod is attached to the cross-head or 
other reciprocating member, no horizontal movement can occur 
as the cam-follower moves through this portion of its path. In 
diagram Z, the diagonal dotted line between points 0-0 and the 
dotted line between points 5-6 represent two positions of the 
connecting-rod. 

Since part of the horizontal movement of the driven member 
is lost at  the dwell portion of the cycle, the length of the crank- 
arm radius must be suitable for the desired total movement. The 
transition from movement to dwell period can be varied to suit 
conditions. 
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Crank-Driven Plate Obtains Near-Uniform Velocities 
Through Compensating Cam 

In  a certain manufacturing process, sheets arriving on one 
conveyor section are transferred to another section by means of 
a suction plate. This plate is crank-driven through a connect- 
ing-rod and has a straight-line movement between the ends of 
the sections. Sheeta arrive a t  regular intervah, and it is essential 
that the movement of the suction plate by synchronized and 
approximately uniform during the pick-up and deposit of each 
sheet, since the transfer cannot be made instantaneously. 

The design of the transfer mechanism created a problem, 
because simple linkage would obviously convert the constant 
angular velocity of the crank to a continuously varying linear 
velocity of the suction plate. 

The time in the cycling of the plate when a uniform movement 
was wanted corresponded to 10 degreea of crank rotation during 
the pick-up of the sheet, and another 10 degrees during its 
deposit. 

A compensating cam solved the problem. As can be seen in 
Fig. 5, auction plate A is joined by connecting-rod B and link 
C to crank D. The crank is keyed to drive-shaft E which rotatee 
a t  a constant speed. Compensating cam F, having a drop G and 
a rise H, is rigidly attached to the frame. 

At one end, link C carries a roll J which is spring-loaded 
against the cam. The drive-shaft rotates clockwise. When the 
roll contacts the drop on the cam, the effective length of the 
crank is decreased, and, thus, the velocity of suction plate is 
reduced. Conversely, the velocity of the suction plate is raised 
when the roll is on the rise on the cam. 

The drop and rise areas are so located on the cam as to pro- 
duce the near-uniform velocities a t  the desired points in the 
cycle of the suction plate. In one instance, an unwanted accel- 
eration of the plate is cancelled by a drop in the cam, and 
in the other instance, an unwanted deceleration ia cancelled by 
a rise in the cam. 

Winding Head for Skeins of Embroidery Floss 
Skeins of embroidery floss are formed by winding the thread 

around two stationary bars. As each skein is formed, i t  is 
moved along ihe bars, away from the winding head, to be cut 
and labeled. The path of a winding a m  swinging around the 
outside of the two bars must not be restricted by any type 
bracket, such a s  might be required for retaining the bars in a 
stationary position. The illustrated mechanism, utilizing a 
Scotch yoke, is being used in such a machine. 

Floss to be wound passes through a hole drilled in the center 
of shaft A (see Fig. 6). The shaft is supported in bearing 
bracket B and is retained by collar C. From there it continues 
through hollow winding arm D. The winding arm is revolved 
at high speed, wrapping the floss about the two stationary arms 
E mounted in bracket F. 

Support for this bracket is obtained from pins G and H, which 
can slide in holes drilled through integral bracket ears. Two 

FIG. 5. The net &ect of compensating arm F is to produce near-uniform 
velocities at two pointa in cycle of suction plate A.  
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SECTION X-X 

FIG. 6. Head for skein-winding machine featurea Scotch yoke for redpro- 
cating movable bracket-support pins. 

identical angle supports J and K, screwed t o  the machine base, 
are drilled to receive the outer ends of the pins. The inner 
ends of the two pins are threaded into bosses on either side of 
Scotch yoke L. Cam M, mounted on shaft A, rides within the 
yoke. 

The cam is timed to move pin G into engagement with support 
J when the winding arm is passing between bracket F and sup- 
port K as illustrated. As the winding arm approaches the left- 
hand side of the unit, the yoke and attached pins move to the 
right. This advances pin H into engagement with support K, 
while retracting pin G from the opposite support. A path is thus 
opened between bracket F and support J to permit unrestricted 
passage of the winding arm. 

Bracket F is supported a t  all times. During the time that 
winding arm D is approaching either vertical position, and just 
after it leaves that position, both pins are engaged simultane- 
ously. The appropriate pin is completely disengaged only during 
the instant necessary for the winding arm t o  pass. The rela- 
tionship of the working members to each other may be more 
clearly seen in section X-X. 

Oscillating Drive-Shaft Actuates Slide 
at Variable Speed and Stroke 

A slide to move light packages across a wrapping table had 
to be driven by an oscillating shaft and lever. The position, 
length, and amplitude of the lever arm were fixed, since the 
lever also actuated another mechanism synchronized with the 
motion of the slide. It was not possible to attach the lever 
directly to the slide because of certain peculiarities of the slide 
motion. 

First, the slide stroke had to have a range of adjustment, from 
a 9-inch minimum to a 10%-inch maximum (direct attachment 
of the lever and slide would have produced a 13-inch fixed 
stroke). Second, in its forward movement the slide initially had 
to travel in unison with the lever for a distance of 2 inches, 
then gradually decelerate; and in its return movement, the 
slide initially had to accelerate gradually t o  a point 2 inches 
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from the end of the stroke, then travel in unison with the lever. 
Third, provision had to be made to vary within small limits the 
distance that the slide traveled in unison with the lever. It was 
required that the distance of unison alide vary from 2 inches 
a t  the maximum slide stroke to 3% inch= a t  the minimum 
stroke. 

The mechanism that was devised is shown in Fig. 7. The 
upper and lower views show, respectively, the position of the 
elements a t  the beginning and end of the forward stroke. Slide 
A is dovetailed to  and reciprocates along guideway B formed in 
the vertical side of frame C. Oscillating drive-shaft D and lever 
E are supported on the same frame, but at  a considerable dis- 
tance from the slide. 

I I 

FIG. 7. Converting the oscillation of drive-ahaft D to a reciprocation of 
slide A through thia mechanim permite the atroke to be of adjustable 

length and made at varying velocity. 

The top of lever E has a slot through which is pinned a 
long rod F. At one end, rod F is joined t o  arm G, which, in 
turn, pivots on bar H fastened to slide A. Link J pivots around 
an adjustable point in slot K of arm G, and the left-hand end 
of the link is pinned to the upper limb of bellcrank L. The bell- 
crank swings on bar H, and its lower limb carries a roller fitting 
slot M in plate N. It will be noted that one section of the slot is 
shorter and parallel to guideway B, and the other section is 
longer and a t  a decline. The extent of these two sections, as 
well as the angle of the decline, is carefully determined in ac- 
cordance with the desired total length of slide travel and range 
of speed variation. 

Providing bell crank L is prevented from rotating, arm F 
will push slide A in unison. At the start of the stroke, bell 
crank L is prevented from rotating by keeping the distance 
between the attached roller in M and the slide A constant. 
When the roller enters the inclined part of slot M, the distance 
increases causing bell crank L to rotate clockwise. The clock- 
wise rotation of L causes A to move to the left with respect to 
ann F, thus causing deceleration. If the stud connecting J and 
G is lowered, rotation of L will increase deceleration as i t  can 
cause greater rotation of G. Lowering of the stud will also 
change the distance of unison travel. However, the distance 
of unison travel can be readjusted by changing the position of 
N in slot 0. Elevating the position of the stud between J and G 
will decrease the amount of deceleration. 

Drives for Reciprocating Members 
with Varying Relative Motion 

When designing special-purpose machinery for packaging ar- 
ticles of various kinds, i t  is often necessary t o  have two elements 
move in unison for a period of time and then have one travel 
forward at an accelerated rate. Generally, there is insufficient 
space to enable each movement to be obtained by the usual 
method with cams, links, and multiple slides. Such an arrange- 
ment may alao m u l t  in excessive overhang or undue remote 
operation. 
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FIG. 8. Tranafer device in which an ejector is made to travel at a faster 
aped during part of the cycle. 

A packaging machine may be required to hold the article to 
be wrapped, transfer it into ita wrapper while performing some 
of the folding operations, and finally eject it into some other 
receptacle. Alternatively, the machine may be required to apply 
a hold-down plate to an article while it is being elevated and 
enveloped on three sides by the wrapper. After this, the wrap- 
per is folded onto the base of the article and then onto the end 
faces. In  the next movement, the article is transferred over a 
folding plate to complete the wrapping, and the package is 
carried to the following work station. 

The requirements of the first method are met by the arrange- 
ment shown in Fig. 8. An article A is temporarily held between 
a pair of blades B, a t  the rear of which there is a sliding plunger 

C. These components are carried through the various move- 
ments by means of a crank D, driving a slotted lever E. A link 
F connects lever E to a sliding carriage G. For actuating plunger 
C separately, there is a bellcrank lever H, one end of which is 
forked to engage a roller J. This roller is carried by a stud sup- 
ported on a bearing bracket K attached to  the bar carrying 
plunger C. The other arm of bellcrank lever H is fitted with a 
roller L, which engages the track of a stationary cam M. The 
pivot stud of lever H is secured to sliding carriage G. 

When the article A has been introduced between plates B, the 
carriage assembly moves to the right. As the article reaches 
work station X, it is thrust into the wrapper W, since plunger 
C has by this time moved the trailing edge of the article to the 
leading edge of blades B, through the action of cam M on bell- 
crank lever H. At this point, blades B have almost reached the 
end of their travel, and because of the form of cam M, the 
plunger is traveling a t  an increased rate. As a result, the article 
is pushed from between the blades, and is deposited ready for 
the following operation. 

A mechanism designed for the second set of conditions is illus- 
trated in Fig. 9. I t  is shown at the completion of its stroke and 
about to return to the starting position, indicated by the 
phantom view. With the mechanism in the starting position, 
the article A is pushed up through well B, together with the 
wrapper so that the latter is folded into an inverted U-form. 
The top of the article is held in contact with stop plate C by a 
platform (not shown). Plate C rests on the article for the dura- 
tion of the period that the latter is being enveloped by the 
wrapper, and travels with it until the partially enclosed article 
has been positioned a t  the next work statian in the packing 
sequences. 

The plate is mounted on a sliding carriage D to which is also 
attached a pusher E. The latter is fitted with wrapper-folding 
members (not shown) that make the two rear side folds on the 
package. Carriage D is reciprocated on guide ways F by means 
of a link arm G, pivoted on lever H. Member H, in turn, is 
driven by a crank J by means of a connecting-rod K. 
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FIG. 9. Crank-driven mechanism with a stationary cam to vary the 
speed of member M for wrapper folding. 

A second sliding carriage L, to which is attached a bottom 
folder M, is moved on the same guide ways as camage D by 
means of link N. This link is pivoted on the long arm of bell- 
crank lever P. The latter, in turn, is pivoted on a stud on car- 
riage D. The short arm of bellcrank P cames a roller R which 
engages a cam slot S in a stationary plate T. 

As the stop plate C and the plunger E are being moved to the 
right to engage the rear of the partially wrapped article A, the 
bottom folder M initially moves forward at a faster rate beeauee 
of the upward curvature of the cam slot S. Thereafter the rate 
is reduced, and the folder finally dwells while pusher E moves 
the article on to the next work station. At this stage, the 
article has been enclosed on four surfaces by its wrapper and 
an inward fold has been made a t  the rear of each end of the 
package. 

CHAPTER 9 

Variable Stroke Reciprocating Mechanisms 

Means of adjusting the length, speed or timing of the recip- 
rocating stroke are described in this chapter. Other variable 
stroke reciprocating mechanisms are described in Chapter 9, 
Volume I11 of "Ingenious Mechanisms for Designers and In- 
ventors." 

Fixed Stroke Converted 
into Variable Stroke 

The demand for varying widths of a flat wire product where 
previously only one standard width was processed made it 
necessary to provide existing machines with a simple mechanism 
to insure even winding onto spools. Even winding was accom- 
plished without modifying the width of the spools by providing 
an adjustment for the stroke of the guiding member. 

As can be noted in Fig. 1, when double screw A is rotated, 
it transmits reciprocating motion to the slide C through the 
forked, swinging follower B. 

To provide for adjustment in the length of travel, a few mod- 
ifications had to be made. A rack-and-pinion and "Scotch yoke" 
arrangement was devised which consisted of a gear, rack, roller, 
slide-bar, and support block, Gear D rotates freely on a stud 
in slide C and meshes with rack E which is attached to a sta- 
tionary part of the machine. Any linear movement of slide C 
produces rotation of gear D, the pitch diameter of the gear D 
being such that it will be given a complete half-revolution as 
the slide C covers its range of travel. The hub I of gear D has 
a T-slot containing a T-bolt on which roller P rotates freely. 

215 
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F'IG. 1. This mechanism, which originally conehted of a double screw 
and slide arrangement to give a fix& stroke, was modified by the addi- 
tion of a rack-and-pinion and a "Scotch yoke" to provide an adjustable 

droke. 

Movement of the T-bolt in the T-slot permits adjustment 
of the position of roller F relative to the axis of gear D. Roller 
F engage a slot in elide-bar G which, in turn, is supported in 
block H. To the opposite end of bar G is fastened the guide 
which delivers the product to the spools. 

The center of roller F is offset from the center of rotation of 
gear D, a distance y. As gear D rotates, the center of roller 
F describes a semi-circle, with radius y, about the axis of gear 
D. Roller F acts in the slot of slide G, and a half-revolution 
of gear D rotates to the opposite side of the center of gear D. 
The relative movement between the bar and the gear is 2y. 
Since the center of gear D movea through a distance x due to 
the linear movement of slide C, the combination of the two 
movementa reaults in a total length of travel of slide G equal to 
x plus 2y. 

If the roller F were placed on the opposite side of the center 
of gear D, with the slide C in the position shown, the total 
movement of slide G would equal x minus 2y. Furthermore, if 
roller F were placed exactly over the center of gear D, roller F 
would merely rotate on its center, and the total movement of 
slide G would be the same as that of slide C. 

Although the added motion is harmonic it is small enough not 
to be objectionable. 

Variable Straight-line Reciprocation 
from Uniform Rotary Motion 

On a machine producing a woven-wire product, some of the 
strands of wire are displaced varying amounts to produce a 
random decorative pattern. This is done by converting a uni- 
formly rotating input to a straight-line reciprocation which can 
either change length or be the same length from action to 
action. 

Shaft A (see Fig. 2), mounted in a stationary part of the 
machine, rotates a t  a uniform rate in the direction indicated 
by the arrow. The shaft carries and is keyed to  a disc B, which 
in turn carries a pin C that extends from one side. 

Ring D is grooved to varying depths on equally spaced radial 
lines, each of which is numbered in the drawing. The ring is 
mounted on plate E, and is free to rotate. Two guide bars F 
are carried by the plate, and slide freely in channels, being re- 
tained by strips G. These guide bars are wide enough to sup- 
port the ring in the back. 

Plate E carries an extension on its top, t o  which the guide 
for the wire is attached. Stop-pin H, at the bottom, serves to 
hold the sliding parts in the starting position between move- 
ments. 

In the position of pin C shown, i t  ia entering the No. 1 
groove in the ring, and the ring thus has to rotate in the direc- 
tion indicated by the arrow. Until the pin contacts the bottom 
of the groove, the movement of the ring is rotative only. But 
when the pin reaches the bottom of the groove, it transmits to 
the ring (and thus, to the plate) a linear movement as well. 
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The amount of linear movement given the plate is governed 
by the depths of the grooves in the ring. Since, in this instance, 
the No. 2 groove is the shallowest, it will produce the greatest 
amount of plate movement. Grooves Nos. 3, 5, 7, 9, and 11 are 
deep enough so that the pin cannot contact their bottoms. Thus, 
when the pin is engaged in any of these grooves, the ring rotates 
without any accompanying linear movement of the plate, as is 
desired. 

On the machine to which this mechanism is applied, the 
axes of the rotating parts are in a horizontal plane, so that the 
weight of the plate will return it to contact stop-pin H after 
each reciprocation. In an application where the axes are vertical, 
a return spring will be required. 

Adjustable Eccentric 
In the design of various types of machines, an eccentric 

motion is often needed to operate certain mechanisms. A rela- 
tively simple arrangement for obtaining such eccentric move- 
ment from a rotary drive is shown in Fig. 3. The resultant drive 
is positive and can be varied quickly and easily, thus avoiding 
time-consuming dismantling and reassembly. 

In construction, adapter A, made from a rectangular piece 
of stock, is turned on one end. In addition, a hole is bored 

FIG. 2. Length of linear movement of plate E is controlled by the re -  
spective depths of the twelve groove8 in ring D. 

By the time the pin reaches the vertical center line of the 
mechanism, both the ring and plate E have moved upward a 
distance equal to x. Continued movement of the pin transfers 
the No. 1 groove to the position previously occupied by the 
No. 12 groove, each rotation of disc B indexing the ring t o  the 
next groove. 

I \ v o r a  or ‘c 
OTHER DRIVE 

I 1 

FIG. 3. Simply constructed adjustable eccentric. 
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through the part and a keyway is provided to fit the driving 
shaft. A female dovetail is milled in the rectangular section a t  
the opposite end. From a square piece of stock, a male dovetail 
slide B is then machined to fit the adapter. One end of this 
member is turned to fit a connecting-link arm C. Two side- 
plates D, made from flat stock, are bolted to the sides of the 
adapter with socket-head cap-screws, as shown. Each plate 
also has a hole tapped to receive headless set-screws E, which are 
used for adjusting the amount of eccentricity and for locking 
the slide B securely in place duritlg operation of the connected 
drive. 

The slide and adapter may be scribed with gage lines, if 
desired, in case minute adjustment is needed. 

Eccentric Driving Mechanism 
Permits Stroke Adiustment During Operation 

Small variations in the stroke length of a reciprocating slide 
can be made while it is operating, by means of the mechanism 
shown in Fig. 4. Driving disc A has an integral shank revolving 
in fixed bearing B, where it is retained by bearing cap C. Driv- 
ing gear D, keyed to the shank, revolves continuously. 

I I 

FIQ. 4. By revolving handwheel R, the throw of cmnk pin C can be 
varied without stopping the elide. 

The disc face contains a dovetail E milled across its diameter. 
Crankpin block F, fitting the dovetail, has an integral crankpin 
G, over which is fitted one end of a connecting-rod H. At its 
other end, the rod is attached to the reciprocating slide (not 
shown). 

Rod J ,  by which the device is adjusted, has a shouldered 
section K fitting the bore of disc A. Key L causes the rod to  
revolve with the disc yet permits a short axial movement of 
the rod along the bore. A hard pin M is pressed a t  an angle into 
the end of section K. This pin engages a hole that is drilled in 
the crankpin block. 

Rod J extends from any convenient distance to a control 
point. At its right end, the rod is reduced in diameter and can 
rotate in sleeve P. An external thread on the sleeve engages 
a threaded hole in angle-bracket Q. By revolving handwheel R, 
keyed tothe sleeve, the sleeve can be adjusted axially. Threaded 
ring S locks the sleeve, once i t  has been adjusted. Rod J moves 
axially in unison with the sleeve, by means of the stop collars 
T and thrust bearings U. 

If the stroke of the slide has to be lengthened, ring S is re- 
leased, and the handwheel revolved counterclockwise. This 
movement is transmitted to the rod, and pin M is retracted a 
corresponding amount from the crankpin block, causing the 
block to move radially outward in disc A. Thus, crankpin G has 
a greater throw. By revolving the handwheel clockwise, the 
throw of the crankpin is similarly decreased. 

Mechanism for Effecting 
a Varying Reciprocating Motion 

On a wire-forming machine, a reciprocating slide was re- 
quired to move at a uniform rate of speed during part of the 
cycle and, a t  a predetermined point, to  increase in speed for 
the remainder of the cycle. The motive power for operating this 
slide was taken from a uniformly reciprocating slide and then 
transformed into varying reciprocating motion by the mech- 
anism here shown. 
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FIG. 5. Three-slide arrangement, utilizing gears in the capacity of a 
lever. varies motion supplied by a uniformly reciprocating eource. 

Rod A (see Fig. 5), reciprocates a t  a uniform rate of speed 
and drives slide B. This slide carries gears C and D which are 
keyed together, yet rotate freely on a stud. Gear D meshes 
with the rack E which is fastened to a second slide F. The larger 
gear meshes with rack G on a third slide H. All three slides are 
dovetailed in the stationary slide bracket J. 

Dog K and spring retainer L are attached to slide B, while 
spring retainer M is secured to slide H. A stop N ia fastened - - 

across the lower dovetailed slot. 
In operation the uniform reciprocation is obtained from rod 

A which moves slide B to the left. As long as contact between 
parts M and K is maintained by means of the tension spring, 
the central and lower slides will move in unison. The gears 
cannot rotate at this point as there is no change in the relative 

positions of slides B and H. Therefore the three slides will 
move together during this phase. 

I t  will be noted that, at  Y in the diagram, rack G has con- 
tacted stop N, thus preventing further movement of slide H. 
As slide B continues its movement, gear C is forced to rotate 
due to the relative movement between it and the now station- 
ary rack G. Gear D, which rotates with the larger gear, trans- 
mits this motion to the upper slide through rack E. Slide F 
now moves a t  a greater speed than slide B. The ratio of gears C 
and D governs the extent of the increased speed of slide F as 
compared with that of slide B. 

On the return stroke of rod A, the upper and central slides 
will move to the right in the same speed ratio with respect to 
each other as they did on the forward stroke. This will continue 
until dog K contacts spring retainer M, a t  which time all three 
slides will once again move together. 

Adjustable Eccentric 
Produces a Variable Throw 

Rotary movement of a driving shaft must be converted fre- 
quently into rectilinear movement for the actuation of such 
members as slides or levers. One of the most common and effec- 
tive means for accomplishing this conversion is the combination 
of an eccentric and connecting-rod. In i ts  conventional form, 
however, an eccentric is applicable only when a fixed length of 
stroke is desired. If, on a particular machine, it is necessary to 
vary the stroke length imparted to the driven members, i t  is 
advantageous to employ an adjustable eccentric drive mech- 
anism. 

Figure 6 shows the design of such an adjustable eccentric. 
Outer eccentric member A has a running fit within the head of 
a connecting-rod (not shown) which couples the eccentric to 
the reciprocating machine member. A large hole is bored through 
the outer eccentric member, being offset distance X which is 
determined by the amount of throw required. 
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FIG. 6. In this drive, throw of outer eccentric A is adjusted by rotating 
sleeve B carrying drive-shaft C. 

Mounted in the bored hole is flanged sleeve B. Sleeve B is 
bored to receive, and is keyed to, drive-shaft C. The shaft hole 
is located eccentrically in the sleeve, the amount of offset pro- 
vided in the illustrated unit being X. Circular lock-nut D is 
threaded on the right-hand end of the flanged sleeve to retain 
it in place. Spanner holes are drilled in the face of the lock- 
nut to facilitate removal and replacement. 

The flanged end of sleeve B has a series of accurately spaced 
vee serrations machined on its periphery. The serrations mesh 
with similar internal serrations provided on ring E. Capscrews 
and dowels, passing through eccentric member A from the oppo- 
site side, locate and retain ring E in the recess provided. The 
dowels must be of sufficient size in order to bear the main driv- 
ing load. 

With sleeve B situated so that shaft C is on the horizontal cen- 
ter line in the position shown a t  1, maximum throw of the 
eccentric is obtained. If lock-nut D is backed off, and sleeve B 
is rotated 180 degrees in relation to the outer member, shaft C 
will be coincident with the center of the eccentric, Position 2. 
At this setting, no motion will be delivered to the machine 
slide. Sleeve B may be located a t  any intermediate position be- 
tween the neutral and maximum throw settings. 

Steplessly Variable Stroke Movement 
An arrangement employed on an optical profile-grinding ma- 

chine that enables the length of stroke of a horizontal recipro- 
cating slide to be steplessly varied is shown in Fig. 7. Of compact 
design, the unit has provision for bolting directly to a speed re- 
ducer. 

Body A is keyed to the shaft of the reducer and houses a slide 
B. This slide incorporates a crankpin and is retained by a cover 
plate (not shown in the elevation). From the pin, motion is 
transmitted to the machine slide by a connecting-rod. 

Satron X-X 

FIG. 7. Device for steplessly varying stroke of a reciprocating drive. 
Stroke can be changed while drive is in motion. 
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Two pistons 6, forming part of a closed hydraulic system, 
determine the position of the slide B and, consequently, the 
throw of the crankpin and the stroke of the machine slide. The 
pistons C are controlled by pistons D, the cylinder bores being 
connected by transverse ports as seen in the elevation. To facili- 
tate charging and setting, a piston E with screw adjustment is 
provided for each branch of the hydraulic circuit in this mech- 
anism. 

Adjustment of the stroke can be effected while the machine 
is running by turning a handwheel connected to the worm F. 
This member meshes with a worm-wheel G which in turn is 
threaded into a stationary housing H, permitting the worm- 
wheel to move into or out of the housing when the worm is 
rotated. A left-hand stub Acme thread is used for this purpose. 
From the worm-wheel, drive is also transmitted through a sliding 
phosphor-bronze key to the inner ring K, which has a right-hand 
thread. In consequence, this ring is always moved in the hous- 
ing in the opposite axial direction to the worm-wheel. 

Movement is transmitted from the worm-wheel or the inner 
ring to one of the pistons D, depending on the direction of the 
stroke adjustment, through a ball which runs in a track on 
the end face of the appropriate member (K or G). As one piston 
is raised, the other is permitted to move downward by reason of 
the right- and left-hand thread arrangement, and a correspond- 
ing motion is imparted to the pistons C and slide B which carries 
the crankpin. 

Mechanism That Imparts Variable and Unequal Strokes 
to Opposed Reciprocating Slides 

Incidental to the modification of an existing machine, it waa 
found necessary to actuate two opposed reciprocating elides. 
Forming tools were to be mounted on each of the slides. The 
drive for the mechanism had to be powered by a constant-speed 
shaft that also motivated other machine movements. The length 
of stroke of one slide had to be variable, and the stroke of each 
slide had to start and end a t  the same instant. Also, the slides 

FIG. 8. Drive mechanism for opposed reciprocating slides that permits 
stroke adjustment of one slide. 

were always to move in opposite directions. The mechanism 
illustrated in Fig. 8 was designed to satisfy these conditions. 

The two levers A and B are mounted to pivot freely on 
headed studs C and D, respectively. The top half of lever B 
and lever A are of the same length. The levers are mounted 
along the same horizontal center line in machine frame E. The 
upper end of each lever is slotted for short connecting links 
F and G. Each link pivots on a headed stud H. The opposite 
end (not shown) of each of these connecting links is coupled to 
a reciprocating slide. 

The two levers are mounted a t  approximately the same dis- 
tance each side of the driving shaft J which extends from a 
bossed portion of the machine frame. The levers are constrained 
to pivot in opposite directions by means of the long steel con- 
necting-rod K. The right-hand end of the connecting-rod is 
coupled to lever A by the headed stud L secured to the lever a t  a 
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fixed center distance from the fulcrum stud C. The connecting- 
rod pivots on stud L. The left-hand end of connecting-rod K is 
attached to lever B in such a way that its point of pivoting may 
be changed. 

A crank pin R is pressed in disc Q which is keyed to driving 
shaft J .  A slide S pivots about pin R and slides in slot T in con- 
necting-rod K. The rotation of crank pin R slides S in slot T 
and reciprocates K. K, in turn, reciprocates B and A in oppo- 
site directions. The amount of throw of pin R is such that link 
F moves the required distance. The size of the reciprocation of 
G can be varied in any instance by altering the position of stud 
M in slot N. 

Lever Type Driving Mechanism Permits 
Stroke and Dwell Adjustments 

The lever type mechanism shown in Fig. 9 was incorporated 
in the drive of a wrapping machine, and was required to operate 
a transfer slide which transported wrapped packages from the 
machine to a conveyor belt alongside. A drive shaft with an oscil- 
lating rotary movement of 35 degrees was the source of motion 
for the driving mechanism. Another factor involved in the re- 
ciprocation of the transfer slide was that it had to be readily 
adjustable to suit the various sizes of packages normally handled 
by the machine. 

Drive shaft A, shown a t  X in Fig. 9, is mounted horizontally 
within a bearing hole through the small upright boss B. 

Securely keyed to the drive-shaft are two identical levera D, 
one being situated a t  each side of boss B. They are retained in 
position by means of the headed end E of the drive-shaft a t  the 
right-hand side, and collar F, cross-pinned to the shaft, on the 
left-hand side. 

Pin G, which supports lever-arm H, passes through in-line 
holes in the upper end of the twin levers D, and is retained by 
collar J. The upper limb of the lever-arm H pivota about pin K 
within the forked end of connecting-rod L. Connecting-rod L ia 
linked directly to the transfer slide of the wrapping machine. 

FIG. 9. Knurled nuts of the lever type driving mechanism here shown 
may be adjusted during operation to vary the dwell duration and elm 

the points of connecting-rod reversel. 

The lower limb of the lever-arm lies a t  a slight angle to the 
upper limb, and is slotted to receive the end of rod M. A pin N 
joins these two members so that they are free to pivot. 

The opposite end of rod M can slide within trunnion block 
0. A shaft, machined on one side of the block, rides in a bearing 
hole in a large boss P. Collar Q is pinned t o  the shaft to retain 
the trunnion block in position. 

For the major portion of its length, rod M is threaded to 
receive four knurled nuts R, which are located as shown. The 
nuts are adjustable, and are normally secured in any desired 
setting by simply locking them together in pairs. 
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The diagram a t  the right-hand side of X shows the relative 
positions assumed by the various components as drive-shaft A 
starts to move in a counterclockwise direction. 

At this point in the cycle, connecting-rod L is in its retracted 
position, that is, situated 4 inches to the right of vertical axis 
X-X. It will be observed that levers D are inclined at an angle 
of 25 degrees to the right of the same axis. 

Distance S must be calculated according to the duration of 
the dwell period required a t  each end of the stroke. In the 
illustrated example, this distance is regulated so that the con- 
necting-rod and the transfer-slide will remain inactive a t  each 
end of the stroke during a 5-degree travel of shaft A. 

As the mechanism moves from its starting point in the direc- 
tion of the arrow, connecting-rod L remains stationary due to 
the resistance of the transfer slide. L will remain stationary 
until the levers D have completed the 5 degrees of movement, 
whereupon knurled nuts R, at  the right of the trunnion block, 
will contact that member, as shown a t  Y in the illustration. 

As the drive-shaft continues its movement beyond this point, 
rod M is prevented from sliding any further to the left. Thus 
connecting-rod L receives the combined movements of levers D 
and lever arm H. This action may be visualized by referring to 
diagram Z in the illustration. The diagram shows the relative 
positions of the components when drive shaft A has reached 
the end of its forward oscillation. kt this stage, levers D are 
inclined 10 degrees to the left of vertical axis X-X, while the con- 
necting-rod has moved 2% inches to the left of the same axis, 
a total travel of 6% inches. 

As the return stroke commences, the connecting-rod again 
remains stationary, due to the resistance of the transfer slide, 
for the first 5 degrees of drive shaft travel. After this distance 
has been covered, the knurled nuts R, on the left-hand side 
of the trunnion block, reach their limit of movement, and mo- 
tion is once again transmitted through the connecting-rod to 
the transfer slide of the machine. 

Duration of the dwells a t  each end of the stroke may be 
altered by adjusting the setting of the knurled nuts on rod M 

while the machine is operating a t  slow speeds. The nut-setting 
may also be altered to effect variations in the points of reversal 
of the stroke. By setting both pairs of nuts in contact with the 
end faces of the trunnion, the dwell periods will be eliminated 
and the connecting-rod will then have its maximum length of 
stroke. 

Common Drive for Two Slides 
with Partially Synchronized Travel 

A lever drive mechanism installed in a wire-bending machine 
now allows a high degree of versatility in the equipment. The 
mechanism has permitted two existing tool-slides to  operate 
with partially synchronized travel, so that different sizes and 
forms of wire can be handled, and a greater variety of bent 
shapes can be produced. 

Both tool-slides reciprocate in the same horizontal plane, but 
are a considerable distance apart in the machine. The mecha- 
nism transmits the drive from a common shaft, centrally located, 
which oscillates through an arc of 40 degrees. The first tool- 
slide has a short, fixed travel; the other, a considerably longer 
and adjustable travel. Although both tool-slides start and 
stop together, the second moves in unison with the first only 
during the initial portion of the forward travel and the final 
portion of the return travel. In the interim the second tool-slide 
increases in speed so as to compensate for its greater length of 
travel. 

A full-scale diagram of the mechanism appears in Fig. 10. 
The oscillating drive-shaft A is carried in the bearing bracket B. 
Keyed to the drive-shaft and oscillating with it is a lever 
C. Through a slot in the top of the lever is cross-pinned a con- 
necting link D. The opposite (left-hand) end of this link, not 
shown, is joined to the first tool-slide, which has the short, 
fixed travel. 

A bellcrank E fulcrums on a stud F extending from one side 
of the lever. The second tool-slide with the long, adjustable 
travel, is joined to another connecting link G cross-pinned in a 
slot in the upper arm of the bellcrank E. 
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FIG. 10. At the etart of the forward etroke, the bellcrank E move in 
unison with lever C. 

The lower arm of the bellcrank extends laterally, being sup- 
ported by a roller assembly H mounted on the top of the bracket. 
The height of the assembly is designed so that the arm is in 
light contact with the roller when the mechanism is in its start- 
ing position, as shown in Fig. 10. The vertical center line of 
the roller is offset about % inch to the right of the vertical center 
line X-X of the drive shaft. 

The ratio of the radii of the arms of the bellcrank determines 
the strokelength range of the second tool-slide. In this particu- 
lar instance, the radius of the lower arm is approximately two- 
thirds that of the upper arm. 

At i b  extremity, the lower arm of the bellcrank contains a 
short dowel pin J which has a sliding fit in the slot K of a link L. 
This link pivots in a channel in the bearing bracket, and is a 
slight distance behind the lower arm of the bellcrank. A stroke 
adjusting screw M is located in an integral rib in one side of 
the bearing bracket, to the right of the bellcrank. As will be 
explained, this screw controls the extent that the second tool- 
slide travels in unison with the first tool-slide. 

To the left side of lever C is doweled and screwed a short rec- 
tangular plate N. This plate extends a c r m  the adjacent side 

of the bellcrank, and serves to transmit the forward motion of 
the lever to the bellcrank. Because of the slightly different angu- 
larity of the bellcrank, its side is somewhat clear of the plate. 
So that both tool-slides can start in unison, a set-screw 0 in 
the plate is adjusted to bear on the bellcrank. 

When the drive-shaft starts its forward, or clockwise, oscilla- 
tion - indicated by the arrow - lwer C lies a t  an angle of 30 
degrees to the left of the line X-X, and the upper arm of the 
bellcrank lies at  an angle of 27 degrees; and pin J is on the hori- 
zontal center line Y-Y of stud F. Movements of the lever and 
bellcrank continue in unison until the lever is vertical, as  in 
Fig. 11. At this point, link L has also pivoted clockwise into 
contact with screw M, and pin J has descended part way down 
slot K. 

Since no further pivoting of the link is possible, continued 
movement of the lever is not transmitted uniformly to the bell- 
crank. Instead, the bellcrank fulcrums on stud F for the final 10 
degrees of forward oscillation, Fig. 12; pin J descends to the bot- 
tom of the slot, and the link pivots to the left. Thus, the upper 
arm of the bellcrank, with its combined movements, travels in a 

RG. 11. When link L abuta screw M the bellcrank E starta to fulcrum on 
atud F. 
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FIG. 12. At the end of the forward stroke, pin J has descended to the 
bottom of slot K. 

considerably longer arc than the lever, causing the second tool- 
slide to travel a correspondingly greater distance and at a greater 
speed than the first tool-slide. 

As counterclockwise rotation begins, the lower arm of the 
bellcrank rides over the roller assembly H, forcing pin J to rise 
in the slot. At the same time, the link pivots to the right into 
contact with screw M. Then, the bellcrank and lever move in 
unison for the balance of the return stroke. Thus, during the 
return stroke, the second tool-slide starts rapidly, then slows 
down to the speed of the first tool-slide - the reverse of the 
action during the forward stroke. 

Two Rotary Slides Reciprocated 
in Synchronism on a Single Shcrft 

Two machine slides were required to rotate on a common 
shaft and, at the same time, to reciprocate along the shaft in 
opposite directions. A simple means had to be provided for 
altering the stroke length of both slides so that they could be 

adjusted to travel either equal or unequal distances with their 
reversal points occurring simultaneously. A mechanism incor- 
porating these features is shown in Fig. 13. 

Shaft A, shown a t  V, rotates slowly and carries the two ma- 
chine slides B and C. The slides are forced to rotate with the 
shaft by means of keys D and E which are fastened to their 
respective members. A keyway F is machined along the length 
of the shaft to provide a sliding fit with the keys. 

Reciprocating movements are imparted to  slide B by T-shaped 
lever G, which pivots on stationary headed stud H. Connecting- 
rod J, providing the main source of motion, is free to pivot on 
stud K which connects it to the elongated slot at  the lower end of 
the T-shaped lever. The length of the elongated slot is deter- 
mined by the desired variation in stroke length of member B. 

1 A I 

FIG. 13. Adjustable lever type mzchanism provides eynchronous recip- 
rocation of two opposed, rotating slidea. 
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The upper end of lever G is forked to straddle a cylindrical 
extension boss on the end of slide B. Each arm of the fork is 
linked with an annular groove in the extension boss by means 
of a hardened steel trunnion block L. In this way, the machine 
slide is free to rotate at  the same time that it is being recipro- 
cated. 

Centrally located with respect to stud H, in the integral right- 
hand, or short, limb of lever G, is an elongated slot. Mounted 
in this slot is headed stud M whose opposite sides are flattened 
slightly to prevent it from turning in the slot, yet allowing it to 
slide freely. The stud is secured to the limb by lock-nut N. 

A larger diameter of stud M has a sliding fit within an elon- 
gated slot cut along the lower limb of bellcrank 0. The bellcrank 
pivots on a stud similar to H. Both of these studs are located 
the same distance from shaft A, and the same distance each 
side of vertical axis Z-Z. The uppper end of the bellcrank is 
forked, and is attached to slide C in the same way that lever G 
is attached to slide B. 

The diagram at V shows the relative positions of the members 
when connecting-rod J is a t  its extreme left-hand position. With 
stud M locked in an appropriate position in the slot of lever G, 
and with the connecting-rod a t  its terminal point, slides B and 
C will be equidistant from vertical axis Z-Z as shown a t  P. As 
connecting-rod J moves to the right (arrow) on its return stroke, 
lever G will move counterclockwise, pivoting on stud H. This 
motion causes revolving slide B to move to the left. Similarly, 
bellcrank 0 will swivel in a clockwise direction, moving slide C 
to the right in unison with slide B. When connecting-rod J has 
reached the extent of its travel to the right, the two slides will 
still be equidistant from vertical axis Z-Z, as can be seen a t  W. 

The illustration a t  X shows the position of the lever mech- 
anism with connecting-rod J once again at  its extreme left-hand 
position. In this case, stud M is set closer to fixed stud H, there- 
by conveying a smaller radial movement to the bellcrank. In 
this way, slide C will be moved through a shorter stroke than 
that imparted to slide B. The slides will, however, still move 
in unison, ending their sliding movements at  the same instant, 

FIG. 14. The output motion to the elide, right, is changed in its stroke 
length by alternating the use of latches B and M. 

although a t  unequal distances from vertical axis Z-2, as seen 
a t  Y. 

Slide Motion Differential 
The object of the device is to change the length of slide stroke 

to position T or K by selection of latches M and B (see Fig. 14) .  
The drive is rotating shaft 2. Levers A and L follow open track 
cams D and 0. This view shows lever L blocked out by latch M. 
Lever A follows cam D under tension from spring C. Connect- 
ing-rod F is driven to the right, carrying the intermediate lever 
to successive positions G, H, J. The standing lever is thus 
carried to position I .  

When lever A is latched out and lever L is allowed to follow 
cam 0 there is the same mode of operation but a different mo- 
tion. The standing lever moves only to point Q, and the slide 
goes only as far as T. 
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Slide with Automatic Reversal and Adjustable Stroke 
A half-nut that engages two lead-screws alternately is the 

heart of a slide mechanism having both automatic-reversal and 
adjustable-stroke features. Drawings of the principle of the 
device appear in Fig. 15. 

The frame consists of two end plates A, square bars B, and 
round bars C. Both lead-screws D are supported in the end 
plates and are axially retained by collars E. During the opera- 
tion of the slide mechanism, the lead-screws revolve continu- 
ously in opposite directions. The drive for this movement is 
introduced through the extended left-hand end of one lead- 
screw and transmitted to the other lead-screw through meshing 
pinions F. 

FIG. 15. Half-nut H is disengaged from the lead-screw D by the thrust of 
the trip block N. 

Cross-head G, the member required to reciprocate, has a slid- 
ing fit on the round bars C. The half-nut H is splined to the 
top of the cross-head and is able to move transversely. This 
half-nut, which has the shape of an inverted T, has two thread 
sections, one adjacent to each lead-screw. 

A keeper plate J prevents the half-nut from rising from the 
cross-head. This plate is joined to the base of the half-nut by 
cap-screws which run through spacing blocks K. Actually, the 
half-nut never remains in the neutral position illustrated but is 
engaged to one lead-screw or the other. 

To set the stroke area as well as the length of stroke, two stops 
L are fixed along the frame where desired. These stops straddle 
the square bars B, to which they are clamped by keeper plates 
M. One end of each stop extends over an opposite side of the 
frame, and supports a trip block N. The working face of each 
trip block is set a t  an angle of 10 degrees to the center line 
of the device. In the working face is a spring-loaded ball detent. 

A shift 0, with a 10 degree bevel a t  either end, causes change 
of engagement of H. 

In operation, one of the lead-screws moves the half-nut until 
the shift bar depresses the ball detent in the corresponding trip 
block, which then thrusts the half-nut out of engagement until 
it is slightly past a mid-center position over the cross-head. 

The completion of the traverse movement of the half-nut H 
is caused by the action of detent Q on P. 

Two Opposed Slides Driven 
with Rapid Variable Strokes 

One phase of the operation of a particular wrapping machine 
involves the transfer of cartons across a stationary table. Each 
carton is gripped on two opposite sides by a pair of slides. Figure 
16 shows a simple lever type driving mechanism designed to 
actuate the two slides with a synchronous movement in opposite 
directions. 

Slides A and B may move freely within their respective dove- 
tailed guide ways which are provided across the top of a cast- 
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FIG. 16. An adjustable mechanism which drives two opposed slides from 
a single reciprocating rod. 

iron baseplate. This baseplate is bolted to the frame of the 
machine in line with driving arm C which is a source of recipro- 
cating motion. 

Across the center portion of the baseplate is machined a third 
dovetailed guide way D situated at right angles to the first two. 
Riding within it is slide E. Lug F, which is integral with the 
third slide, is slotted to receive the end of the driving arm. 

Machined along the top of slide E is a narrow T-shaped slot 
into which is fitted a steel sliding block G. This member is 
drilled to receive shoulder stud H. Mounted on the projecting 
portion of this stud are the ends of two identical levers J and K. 
The opposite ends of these two levers are connected to slides A 
and B respectively, as shown. 

The sliding block G is locked in position by means of clamp 
screws L and M. Screw L is threaded through the rear end wall 
of slide E, while screw M passes through a small plate N. This 
plate is secured to the front face of the slide. When the lever 
mechanism is set for normal working conditions, the clamp 
screws L and M. Screw L is threaded through the rear end wall. 

Operation of this mechanism and the manner of its adjustment 
will be clearly understood by referring to Fig. 16. The solid 
lines show the driven slides in their innermost position which 
occurs when slide E is fully retracted. T o  obtain the most 
efficient operation of the mechanism, the angle subtended by 
levers J and K in this position must never be less than 90 de- 
grees. In practice it will be advisable to  limit the terminal posi- 
tions of these levers to a minimum included angle of 100 degrees. 

As driving arm C moves forward forcing slide E ahead of it, 
levers J and K will straighten out. This action will force the 
driven slides apart equally. The maximum forward stroke im- 
parted to these driven members will occur when the center of 
shoulder stud H lies on axis X-X along which the slides 
travel. 

Further travel of slide E beyond axis X-X will cause the driven 
slides to retract in unison until they reach their innermost posi- 
tions as shown by the light broken lines. A return stroke of 
the driving arm will produce a duplication of these movements. 

Alterations in stroke length of the driven slides are obtained 
by adjusting the throw of the crankpin on the driving shaft (not 
shown). Variations in the working positions of the driven 
slides are obtained by adjusting the position of sliding block G. 
To facilitate setting of this block, the top surface of slide k may 
be graduated and the baseplate marked with a zero line. 

Dwell periods may be procured at each terminal point in the 
movements of slides A and B if desired. By allowing block G 
to have a certain amount of independent sliding movement 
within slot in slide E, a corresponding motion will be subtracted 
from the stroke of the driven slides, thus imparting a dwell at  
the retracted positions of slides A and B. This type of setting 
is easily possible by merely adjusting clamp screws L and M. 
Each of these screws should be provided with a simple lock-nut 
arrangement. Provided slide E is located at a 90-degree angle 
to axis X-X, and levers J and K are the same size, then driven 
slides A and B will move in synchronism through identical dis- 
tances in opposite directions. 



2 4 2  VARIABLE STROKE RECIPROCATING MECHANISMS 

Two Slides Operated Longitudinally 
and One Also Crosswise 

For application on a wire fabricating machine, it was neces- 
sary to design a mechanism that would guide two strands of 
wire uniformly back and forth, and a t  the same time, recipro- 
cate the one wire in a perpendicular plane. The wire to which 
the two movements are imparted must be stationary during a 
portion of the cycle. A view of the mechanism a t  the beginning 
of its motion, Fig. 17, is a front elevation, while Fig. 18 shows a 
plan view a t  an intermediate point of the cycle. 

The mechanism includes a slide A which is mounted on a 
stationary part of the machine. The slide receives a uniform 
motion from a grooved face-cam (not shown) located a t  its left 
end. The slide carries a block B which is dovetailed to receive 

FIG. 17. Mechaniem for wire fabricating machine which moves two elide8 
lengthwise and one of them crosswise. 
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FIG. 18. Mechanism for wire fabricating machine when one-quarter of 
slide movement has been completed. 

slide C. Rack plate D, also attached to a stationary part of the 
machine, meshes with pinion E. This pinion is attached to disc 
F. Both of them rotate freely on a stud mounted on slide A. 

Disc F carries a series of spring plungera which engage pockets 
in the bottom side of gear G and transmits motion to it. This 
gear is also free on the stud. It meshes with gear H, which 
carries a pin X that engages a slot in lever I. The lever is also 
free on the stud. The end of the lever has a second slot a t  the 
right-hand end which engages a pin Y on slide C. A spring- 
loaded pawl J mounted on slide A engages the teeth of gear G, 
permitting rotation of the gear in one direction only. 

When slide A begins its movement to the right from the 
position seen in Fig. 17, gear E will move with i t  and rotate in 
the direction indicated by the arrow, due to its engagement 
with rack D. Disc F and gear E will rotate as a unit. Gear H, 
meshing with gear G, is also caused to rotate. This cauees pin X 
to impart an oscillating motion to  lever I, which is transmitted 
to slide C through Y. Slides A and C carry the wire guides at 
their outer ends in parallel lines. 

In Fig. 18, slide A has moved through a part of its motion and 
has caused the gears to reciprocate slide C through lever I. At 
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this point, gear H has made a partial revolution, which has 
caused slide C to move from its central position, shown in Fig. 
17, to its extreme position in one direction. I t  will now reverse 
to its extreme position in the opposite direction until the high 
point of the cam that actuates slide A is reached. Then the 
movement of slide A will be reversed. 

The reverse movement of slide A reverses the rotation of gear 
E and the attached disc F, but the motion will not be trans- 
mitted to gear G because with the engagement of pawl J with 
gear G, spring plungers K are forced out of their pockets. From 
this point there is no oscillation of lever I. I t  remains irnmov- 
able until the re tun  stroke of slide A. The number of reciproca- 
tions of slide C relative to the movement of slide A is governed 
by the ratio of the gear train. 

CHAPTER 10 

Mechanisms Which Provide Oscillating Motion 

Mechanisms which provide oscillating motion are described 
here. Similar mechanisms are also described in Chapter 10, Vol- 
ume I11 of "Ingenious Mechanisms for Designers and Inven- 
tors.', 

Sprocket Operated Geneva Drive 
Provides Wide Design Possibilities 

The normal Geneva drive in which the roller is moved around 
a circle has limitations which make the mechanism useless for 
certain purposes. The most severe limitation is that the sum of 
the time consumed in indexing and the time of dwell correeponds 
to the time that it takes for the roller to move one revolution 
around the axis of the driving component of the device. 

Instead of moving the roller around a circle, it is possible to 
move it along a different path and thereby obtain more freedom 
of design. Figure 1 shows one possible divergence from conven- 
tional design. Sprockets A, B, C, and D are driven by a chain E 
on which there is fastened roller F. Indexing disc G has two slots 
spaced 180 degrees apart. 

The roller is shown in a position where it is just about to 
enter a slot of the indexing disc. With proportions as shown on 
the drawing, the disc G ie accelerated during 30 degrees of 
movement, then moved with a constant velocity through 120 
degrees, and decelerated during 30 degrees. The disc then re- 
mains in its dwelling position until roller F enters the next slot. 

245 
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FIG. 1. Geneva drive in which actuating roller does not need to follow 
circular path. 

Flexibility is a feature of this design because the number of 
slots, the number of rollers, and the length of the chain can be 
changed to suit various purposes. 

Constant Pivot Linkages 
Replace Ball Bearings 

Radar antennas are often constructed so that they rotate 
about a horizontal axis of no more than 180 degrees (from hori- 
zon to horizon). I t  is necessary to have an unobstructed area 
around the center of rotation so that the radar beams can pass 
freely. Therefore, many radar antennas are mounted on ball 
bearings. One such ball bearing is known to be 13 feet in diam- 
eter. 

These large, expensive ball bearings can now be replaced by 
relatively low-cost constant pivot linkages, two forms of which 
are shown in the sketches. Figure 2 shows a parallelogram link- 
age. A and B are fixed pivot points and A, and B1 move through 
circular arms having the same radius. Therefore C1, too, will 
move in a circular arc. The same holds true for C2. Thus, the 
circular element will rotate around C as center when either arm, 
AIAz or B I B z  is moved. 

The system shown in Fig. 3 has more links than the foregoing 
design but is more compact. In the drawing, B and C are fixed 
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F?G. 2. Constant pivot linkage system rotates circular form ClC2 around 
C when either arm AlAz or BlBz is moved. 

points. The triangle B,BB2 is equal and similar to triangle 
B4AB3. Similarly, triangle CClC2 is equal and similar to 
triangle AC4C3 ; also B, B4 equals BzB3;  and finally C1C4 
equals C2C3. When the link CClC2 is moved, the ring-formed 
piece will rotate around A through 180 degrees of arc. 

Converting Rotary Motion 
from Continuous to Oscillating 

A device that transforms a continuous rotary motion into an 
oscillating rotary motion is shown in Fig. 4. The arrangement 
is compact and the axis of the rotation of the output is per- 
pendicular to that of the input. 

FIG. 3. This pivot system has more levers than that in Fig. 2 but is 
more compact. 
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PIG. 4. Arrangement that producee an oscillating rotary output from 
o continuous rotary input. The mechanism is shown at a different pos i -  

tion in each view. 

Driving arm A has a drive-pin B which engages in a semic i r -  
cular groove in a driven member C. This driven member is per- 
mitted to pivot freely on pin D which is retained at each end 
in a support block E. Pin D is press fitted in one block and  s l ip  
fits in the other. I t  is important that the axis of pin D in t e r sec t  
the axis of drive shaft F and the axis of drive-pin B a t  a corn- 
mon point. Oscillating output of the mechanism is derived from 
the integral arm extending from member C. The total move- 
ment of this arm, in degrees, is equal to twice the angle a t  which 
the axis of the drive-pin intersects the axis of rotation of a r m  A. 

Adjustable Oscillating Movement 
Derived from Rotating Shcrft 

Adjustment of the effective length of a crank may be m a d e  
with the device in operation by means of the arrangement shown 

in Fig. 5. Cranks A' and E', together with their respective 
shafts, are bored through to receive cylindrical rack F with a 
sliding fit. Pinion gear G, shown a t  Y in the illustration, meshes 
with the cylindrical rack. Gear G is pinned to threaded shaft 
H. Square nut J, which is threaded on shaft H, rides within a 
guide-slot in the crank body. This nut is secured to the end of 
coupler rod C'. The same arrangement is provided in the body 
of crank E'. 

Cylindrical rack F is operated by the mechanism illustrated 
a t  Z. Gear wheel K, mounted on shaft L, meshes with the cylin- 
drical rack. Also mounted on shaft L is a worm-gear M that is 
driven by a worm N. An operating handle and a calibrated 
dial, both located outside of the crank housing, operate in con- 
junction with the worm. 

When the operating handle is rotated, gear wheel K is moved 
through the action of the worm and worm-wheel. This rotation 
of gear wheel K imparts a linear movement to cylindrical rack F. 

FIG. 5. Effective length of the crank may be altered during operation 
by means of a gear train. 
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Pinion gear G and shaft H are then rotated, which, in turn, 
alters the position of coupler rod C'. 

Eccentric Gears Feature of 
Bag-Folding Device 

One functional requirement of folder blades on a machine 
for making foil bags is that the first fold should not interfere 
with the second fold. This is necessary to prevent wrinkling and 
turning of the edge of the first fold. A pair of eccentric gears 
was arranged as shown in Fig. 6 to accomplish the proper folding 
action. 

Eccentric gear A is secured to the shaft integral with part B 
which carries folder blade C. Similarly, eccentric gear D and 
folder blade E are attached to part F. The pitch radii on the 
gears are indicated by RA and R D  in the illustration. Bearings 
in housings integral with the machine frame G supports parts 
B and F. Eight bag-forms H are mounted on a turret (not 
shown) having a Geneva motion which intermittently indexes 
one after the other into position between the two blades for the 
folding operation. A drive connected to part B rotates blades C 
and E through an angle of 180 degrees to fold the foil on each 
form in its turn. 

FIG. 6. Eccentric gears arranged to facilitate folding of foil on a form in 
a bagmaking machine. Interference between the folds is prevented. 

In operation, as folder blade C rotates 135 degrees, blade E 
travels through an angle of 117 degrees. At this instant blade 
C lags blade E by 18 degrees, and this lag permits the portion of 
the foil J carried by blade C to clear the portion carried by blade 
E. During the remaining 45-degree rotation of blade C, blade E 
gains back the 18 degrees, and both blades complete the 180- 
degree working cycle simultaneously. 

If standard gears were to be used, one gear would have to be 
retarded slightly to prevent interference between the folds. In 
this case, both blades would not hold the foil flat against the 
form a t  the end of the folding operation. 

Simple Linkage Replaces Three Gears 
On automatic machines it is sometimes desired to rotate two 

shafts at  a uniform velocity ratio over a limited range of time. 
In a mechanical calculator being designed this velocity ratio was 
2 to 1 and it was required that both shafts should rotate in the 
same direction. Rotation of the input shaft was through about 
180 degrees. Normally this motion would have required three 
gears because an idler gear would have been necessary in order 
to operate the two shafts in the same direction. Also, the dis- 
tance between the two shafts would have been rather large. 

A mechanism designed to fulfill all requirements is shown in 
Fig. 7. As input shaft A turns on its axis, it swings crank C, on 
the end of which is a roller D. This roller slides in a slot of link 
E. This link is fastened to output shaft B. Because the radius 
of crank C equals the center distance between shafts A and B, i t  
can be seen from geometrical considerations that when the shaft 
A moves through angle Y the output shaft B will move through 
angle 2 Y. 

The total output angle of shaft B is about 120 degrees. 

Drilling Parallel Rows of Holes 
When drilling a row of holes with a radial drill, a multiple- 

spindle head is of great advantage, since hole alignment is 
automatic and a number of holes in the row can be drilled simul- 
taneously. 
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FIG. 7. Rotation of shaft A through 2y degrees causes B to rotate y 
degreea. 

If several rows of holes are to be drilled, as in the case of heat 
exchanger tube sheets, maintaining parallelism between the rows 
can be something of a problem. A fixed angular relationship be- 
tween the multiple-spindle head and the workpiece, regardless 
of the angular position of the radial drill arm, is needed. 

The accessory, shown in Fig. 8, solves the problem. I t  consists 
of two interconnected double-acting hydraulic cylinders. The 
piston rod of one of the cylinders is fixed to the outer rotating 
column of the machine. As the cylinder and piston rod pivot 
with the external column, a rack integral with the cylinder is 
driven by a mating gear segment mounted on the stationary inner 
machine column. This cylinder is thus translated to the left or 
right, with respect to the piston, as the radial drill ann pivots 
with the outer column. 

Movement of the cylinder varies the volume of hydraulic fluid 
in the two opposed chambers. The fluid in the cylinder chambers 
is forced to enter and leave through two ports in the piston rod 
(one a t  each side of the piston) passing through the rod and 
hose connections a t  either end. If the radial arm is pivoted coun- 

OSCILLATING MOTION MECHANISMS 253 

pp 

F'Ia. 8. Spindle located on arm ia prevented from rotating by two bydrau- 
lic cylinders. 
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terclockwise, the cylinder moves to the right, decreasing the 
volume of fluid in the left-hand chamber. 

A similar cylinder-and-piston arrangement is fixed to the 
nonrotating sleeve a t  the bottom of the radial drill spindle. The 
rack on the cylinder, in this case, operates a gear segment on 
which the multiple-spindle head is mounted. By interconnecting 
the two cylinders so the hose from the left-hand chamber of the 
cylinder on the machine is connected to the right-hand chamber 
of the cylinder on the radial drill head, and vice versa, counter- 
clockwise movement of the radial drill arm results in an equal, 
but clockwise, movement of the multiple-spindle head. 

Thus angular rotation of the head due to radial arm pivoting 
is automatically compensated. Once set, the hole patterns pro- 
duced by the head will remain parallel regardless of the angular 
position of the radial arm, within the 90-deg. operating limits of 
the device. 

Gears in Transmission Line 
Increase Shaf-t Oscillation 

A shaft in a machine for fabricating a wire product oscillated 
continuously on its axis: rotating 90 degrees in one direction, 
then 90 degrees in the opposite direction. The movement of 
the shaft was trammitted from an eccentric through a connect- 
ing-rod and link. Subsequently, because of a design change in 
the product, it became necessary to double the oscillation of 
the shaft. Space limitations prevented any increase in the throw 
of the eccentric, and to extend the swing of the link to 180 de- 
grees would have created a dead-center condition that would 
have rendered the mechanism inoperable. The drawing shows 
how the problem was solved by introducing gears into the line 
of transmission. 

Originally, the connecting-rod A (see Fig. 9), was pinned 
to the single link B, the lower end of which was keyed to the 
shaft C supported by bearings D. (The link is shown in solid 
outline a t  the midpoint of its movement, and in broken lines a t  
the two extremities of its movement.) In the altered mechanism, 
two links B and B' swing freely on the shaft, and straddle a 
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Fxa. 9. Driving ahaft C through two gears doublee the degree of oscilla- 
tion. 

gear E keyed to the shaft. Welded to the end of the connecting- 
rod is a second gear F, meshing with gear E and free on stud G. 

In operation, the connecting-rod transmits movement to the 
links, running 90 degrees, as in the original mechanism. How- 
ever, the action of gear F in rotating around gear E causes 
shaft C to oscillate the increased amount that is desired. The 
reason for the increase is that gear F rotates with respect to 
gear E creating an additional movement of gear E. Both gears 
are identical in size. Actually, since gear F does not rotate com- 
pletely around gear E, gear segments instead of complete gears 
would serve the purpose. 

Increasing the Movement 
of an Oscillating Shaft 

In fabricating a wire product, it became necessary to increase 
the angular movement of an oscillating shaft of a machine tool. 
Because of space limitations, it was impossible to increase the 
throw of the eccentric controlling the shaft, and some other 
means of obtaining the additional movement had to be devised, 
as shown in the accompanying illustration. 

In the original design (see Fig. lo ) ,  the eccentric-operated rod 
A connected to an arm B was keyed to the shaft C supported in 
a bearing D. In the present design, the arm is free to rotate on 
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FIG. 10. By introducing an idler gear F and a gear segment G the oscilla- 
tion of arm B and shaft C can be increased without changing the throw of 

an eccentric-operated rod A. 

the shaft and a gear E is keyed to the shaft. Another gear F 
rotates freely on a stud carried on the arm and meshes with gear 
E. Gear F also meshes with a segment of an internal gear G 
fixed to the bed of the machine. (In the right-hand view the 
supports for the segment have been omitted.) 

The arm is shown a t  its central position moving in the direc- 
tion indicated by the arrow. Gear F moves with the arm, and 
since this gear meshes with the segment, it is caused to rotate on 
its stud. The rotation of gear F is transmitted to gear E and 
thus to the shaft. In the illustrated application, gears F and E 
are of the same pitch diameter, gear F being an idler which has 
the effect of imparting movement to the shaft in the same direc- 
tion as that of the arm. 

Angle X indicates the magnitude of the oscillation of the arm. 
Actually, the gear F serves as a lever, with its fulcrum a t  the 
pitch line of the segment. In this manner the action of gear F 
causes an increase in the angular movement of gear E as com- 
pared with the movement of the arm. 

-- 

Fn. 11. Front view of intermittent speed-change linkage mechanism in 
which N is the reciprocating driven shaft and A is the drive. Gear B turns 
constantly, but at points in a cycle gear is locked by a clutch, causing the 

whole mechanism to rotate around shaft A .  

Sun and Planet Gears 
Produce Intermittent Speed Change 

Figures 11 and 12 illustrate the construction of a mechanism 
which provides oscillating angular motion to a shaft, with the 
alternate cycles a t  different speed relations to  the rotation of the 
driving shaft. This application is used on a machine producing 
wire textile screening, the object being to produce two different 
spacings of the wires. Figure 11 is a front elevation and Fig. 12 
is a plan view of the intermittent speed-change mechanism. 

The driving shaft A, rotating in the direction of the arrow, is 
keyed to gear B. Gear B meshes with gear D, carried on a pin 

FIG. 12. Details of the clutching device appear in this plan view, with 
the clutch pin retained by the free end of spring L. The friction material 

is shown at G. 
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pressed into the arm of lever C, which is carried free on shaft A. 
Gear D is pressed onto a flanged sleeve E, which is free to turn 
on the same pin. The connecting-rod F, which transmits motion 
to lever J (keyed to shaft N),  is rotatably supported by sleeve 
E .  A disc of friction material G is carried between gear D and 
rod F. A spring H, adjusted by threaded collar I, maintains 
pressure of gear D and rod F on the friction disc G. A collar 
on the outside end of the pin retains this assembly. 

Another pin with a tapered end carries star-wheel K, and 
passes freely through lever C. The tapered end of the pin en- 
gages a matching hole in gear D on alternate cycles. The hub 
of star-wheel K is provided with two opposite detent grooves, 
shaped as shown, which engage two pins in lever C, as controlled 
by the position of star-wheel K. A flat spring L insures engage- 
ment of the pin with the hole in gear D. Another pin M is lo- 
cated in a stationary part of the machine, and imparts rotative 
motion to star-wheel K with each rotation of lever C. 

In the position shown, the mechanism is a t  the beginning of 
its cycle, with the lever J a t  ita extreme left-hand position. At 
this point, the tapered pin carrying star-wheel K is engaged in 
the hole in gear D, so that gear D and lever C are locked to- 
gether. Because gear D cannot rotate on its pin, lever C be- 
comes a simple crank revolving on the center of shaft A, thereby 
transmitting oscillating motion to shaft N through the linkage 
of rod F and lever J .  At this stage of the cycle, rod F is slipping 
on the friction disc G. Thus the entire assembly delivers a con- 
ventional crank motion, imparting an oscillating motion to shaft 
N with each rotation of shaft A. 

The completion of this phaae of the cycle occurs when the 
movement of lever C past tapered pin M causes star-wheel K to 
make a quarter-turn. This action causes tapered pin M to with- 
draw from the hole in gear D by the action of the angular surface 
of the detent groove. Pin M is so placed that complete engage- 
ment and disengagement of the tapered pin from gear D takes 
place when the center lines of lever C and rod F are in alignment 
as in Fig. 11, so that the speed change will take place at  the end 
of the cycle. Although the tapered pin has now been disengaged 

from gear D, the latter is not free to rotate because i t  is fric- 
tionally locked to  rod F. In this phase gear D now acts as a 
planet gear revolving about gear B as a sun gear. With this 
type of reducing gear application, the relative revolution of the 
planet gear to the rotation of the sun gear will be equal to 
the ratio of the gear tooth count plus 1. As gears B and D are of 
the same tooth count, gear B must perform 1/1 + 1 revolutions, 
or 2 revolutions, to produce one revolution of the crank whenever 
the tapered pin is disengaged from gear D. 

Producing an Oscillating Movement 
of Uniform Angular Velocity 

The mechanism shown in Fig. 13 was designed to produce an 
oscillating motion having uniform angular velocity, using a crank 
A rotating a t  uniform speed as a driver. With the arrangement 
shown, an oscillating movement is imparted to lever C by con- 
necting-rod B, but the angular velocity of this movement is not 
uniform. Although approximately uniform angular velocity 
could be obtained by arranging a suitable mechanism in front of 

FIG. 13. Diagram ehowing method of obtaining an oecillatmg movement of 
approximately uniform angular velocity from a rotating crank. 
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the rotary crank, such devices are usually complicated and were 
not considered applicable in this case. 

To achieve the desired results, the center position C1 C2 of 
lever C was taken as the axis of symmetry, and the mechanism 
on the left-hand side (crank A and connecting-rod B) was exactly 
duplicated on the right-hand side (crank Al and connecting-rod 
B1 ). If crank A, were located on the same horizontal center 
line as crank A the angular velocity of crank A, would be uni- 
form, but its oscillating movement would be through an angle of 
180 degrees, which is not practical. However, by lowering the 
center of crank A a distance X (from position D to Dl ) keeping 
radius D l A 2  equal to DAl and leaving the mechanism on the 
left of the axis of symmetry in its original position, oscillation 
angles of 120 to 150 degrees, which are permissible, are ob- 
tained. Graphical analysis of the angular velocity of crank A, 
will produce a curve like that shown a t  the bottom of the illus- 
tration. 

Remote Control Presets 
Spindle-Quill Travel 

An arrangement that can be used to preset the length of 
travel of a spindle quill, tool-head, or work-table is shown in 
Fig. 14. Repeated and accurate positioning of one of these ma- 
chine tool members from a remote point is achieved by the use 
of synchros. 

Linear displacement of a spindle quill A is converted to rota- 
tion by means of a rack B and a gear train C.  The output shaft 
of gear train C drives a transmitting synchro D. Components 
A, B, C, and D are built into the machine tool. 

Synchro D is conhected electrically to a receiving synchro E 
located at the remote position from which the machine tool is 
to be controlled. In this manner, angular displacements which 
represent the position of the spindle quill are transferred from 
synchro D to synchro E. The receiving synchro is connected 
by shaft F to a special dial type indicator G. A pointer H is 
attached to shaft F, and a second pointer I, which pivots on the 
same axis and is concentric with dial plate J, is driven through a 

FIG. 14. Arrangement that permits remote preeetting of the travel of a 
spindle quill, tool-head, or work-table. 

reduction gear train K. Also driven by shaft F, gear train K 
reduces the rotation in the ratio of 100 t o  1. Since rack B and 
gear train C are in a ratio such that one turn of shaft F and 
pointer H represents a 0.1-inch displacement of the spindle 
quill, one revolution of pointer I will, therefore, represent 10 
inches of quill travel. 

An electromagnetic clutch M, when actuated, allows shaft F 
to engage a gear N. This gear, in turn, drives a differential gear 
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train 0 through an idler and gear P. The differential is con- 
nected through gears Q and R to a gear train and a dial indicator 
L. These are identical in design to members K and G, respec- 
tively. 

A lead-screw S, which is used for setting quill travel, is also 
connected to the differential. Thus, if clutch M is engaged and 
gear Q is held in a fixed position, lead-screw S will drive shaft F 
through the differential in a ratio of 1 to 1. 

An electric motor T, used for presetting quill travel, is con- 
nected to lead-screw S by a reduction gear train U and an elec- 
tromagnetic clutch V. To preset quill travel, gear P is locked in 
place, gear R is released, and clutch V is actuated. Rotation of 
lead-screw S by means of the motor will then be transmitted 
through the differential and gear R to indicator L. 

Manual presetting of quill travel is made possible by means 
of a handle W and a mechanical clutch X, which is geared to 
gear R. Manual rotation of handle W is in this way transmitted 
both to indicator L and lead-screw S. Clutch V should be dis- 
connected and gear P locked in place when lead-screw S is preset 
manually. Actual control of quill travel is accomplished by 
means of a nut Y on lead-screw S and a plate Z, the movement 
of which opens a switch in the circuit supplying power to the 
quill-feed mechanism. 

Operation of the remote quill-travel control is as follows: With 
gear P locked and a nut Y in contact with plate 2 ,  lead-screw S 
is rotated by actuating motor T or manually by rotating handle 
W until the desired length of travel is read on the dial of indi- 
cator L. This moves nut Y on screw S away from plate Z a dis- 
tance proportional to the required quill travel. Movement of 
the quill for the desired travel with gear R locked and gear P 
released will then cause nut Y to return the same proportional 
distance in the opposite direction and contact plate 2,  thus stop- 
ping the forward motion of the quill. During machining, indi- 
cator G shows the position of the quill. 

Torque Filter Eliminates Backlash 
Design for aerospace programs has resulted in some useful 

solutions to common problems. The mechanism shown in Fig. 15 
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FIG. 15. Smooth output obtained from gears A and B by use of springs 
1 and 2. 

enables a constant output torque, free of backlash components, 
to be maintained from a pulsating input torque. 

Two elastic componenta (springs) connecting a hub and two 
spur gears absorb torque differentials and provide the desired 
antibacklash characteristic between input and output shafts. 
The system performs equally well in either direction of rotation. 

The hub is securely attached to the output shaft and two 
spur gears turn freely on the shaft. Spring 1 connects gear A 
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to gear B. Spring 2 connects gear B to the hub. The input shaft 
pinion engages both spur gears. 

Spring 1 forces the engaging tooth of gear A against a lower 
tooth of the pinion and the engaging tooth of gear B against a 
higher tooth of the pinion. This arrangement prevents backlash 
between the input and output shafts. Spring 1 also serves as a 
torque filter between the two spur gears. 

When the input shaft is rotated counterclockwise, its pulsating 
torque is transferred directly to gear A, which then drives gear B 
through spring 1. The torque pulsations are filtered by the 
spring since the pinion does not directly drive gear B in this 
direction of rotation and gear B is free to rotate slightly with 
respect to the pinion. The hub and output shaft are then driven 
clockwise with a smooth, constant torque by a pin in the hub 
that engages a slot in gear B. 

When the input shaft is rotated clockwise, it drives gear B 
directly. In this condition, gear B drives the hub and output 
shaft clockwise through spring 2, which filters out the pulsa- 
tions in the input torque. This mechanism could be useful in 
precise control systems. Possible configurations and filter ma- 
terials are limited only by the appliuttion. 

CHAPTER 1 1  

Mechanisms Providing Combined Rotary and Linear Motions 

Mechanisms which provide combined rotary and linear mo- 
tions are described in this chapter. Similar mechanisms are 
described in Chapter 11, Volume I11 of "Ingenious Mechanisms 
for Designers and Inventors." 

High-Speed Spiral Scanner 
In radar, television, and other systems involving the reception 

of electromagnetic waves, the need frequently arises for a high- 
speed spiral scanner. In this case, the scanner consists of a 
mirror held in an adapter actuated by a power-operated mech- 
anism. The mirror is tilted a t  a constantly changing angle with 
respect to an axis passing vertically through its center. At the 
same time, the direction of the tilt continuously changes through 
a complete circle of 360 degrees. Thus, the motion of the mirror 
is such that it can "see" any object within the angle of its cone 
of motion. 

The mechanism built to provide the required scanning motion, 
which has been performing satisfactorily, is shown in Fig. 1. The 
requirements for this particular instrument were these: opera- 
tional speed had to top 10,000 revolutions per minute; the mirror 
or antenna adapter K (see diagram Fig. 2) had to scan a cone 
opening angle 0 of 12 degrees, the axis y-y of axle J pivoting 
about point H while point S a t  its lower end described a spiral 
of twenty turns between 0 and 12 degrees - that is, the scanner 
had to cover its field ten times per second when drive-shaft B, 
Fig. 1, was operating a t  12,000 revolutions per minute; and the 
center of the conic motion had to be a t  point H on the upper 
surface of the adapter K. Finally, it was necessary that the 

265 
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FIG. 1. High-speed spiral scanning mechanism in which the conic motion 
of the scanner K is set up by gear C turning on its own axis while its 

carrier A rotates a t  high speed around the axis of main shaft B. 

instrument be simple and easy to construct. Thus, the axle B 
of the main shaft was designed to (1) revolve a t  a speed of 
12,000 rpm; and (2) move the lower end of axle J outward from 
its vertical, or zero, position toward the widest cone angle scan- 
ning position, and return to the zero position once every forty 

FIG. 2. Diagram illustrating the basic operating principle of the spiral 
scanning mechanism, Fig. 1. 

revolutions of Axle B. In Fig. 2, the axle is shown in vertical 
position (solid lines) and in widest scanning position (broken 
lines). The relative positions of the moving parts during this 
operating cycle are shown by the diagrams in Fig. 3. 

A&pW~conn/Wg AcrbprCr wunn/i?p A&ptSf ucoffn//ng A&plZrr in 
Me w/&t cons He w a f ~ ~ n d ;  t& &st cone; posifion; 

Frc. 3. Diagrams showing relative positions of the  moving parts of apiral 
scanner a t  different periods of the operation cycle. 
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Carrier A, Fig. 1, is integral with main shaft B and is balanced. 
Helical gear C, having forty teeth rotates on a pivot integral 
with the carrier, and meshes with the internal worm thread D in 
housing E. 

Cam F is fixed to the gear C and revolves with it. Spherical 
section G, having its center a t  H, and the axle J are attached 
to adapter K. Since the spherical section rests on three equally 
spaced balls L, it can easily be given the continuous tilting or 
conic motion required. The adapter, spherical section, and axle 
are prevented from revolving with carrier A by projection M 
which engages a slot in the housing E. Spring N holds the 
spherical section in its seat. Slider P, carried on the axle J, is 
free to rotate around it. The slider is positioned between the gear 
and the carrier. 

In operation, the gear C and cam F move as a unit with the 
carrier, rotating a t  high speed with the main shaft B so that the 
axle J, spherical section, and adapter perform the required conic 
motion. At the same time, the worm thread D causes the gear C 
to revolve around its own axis while centrifugal force presses the 
slider P against the cam F. Since the gear and cam are also 
revolving around the gear axis, the opening angle of the cone 
varies continuously as dictated by the shape of the cam, thus 
producing the required spiral scanning motion. 

When the slider reaches the center, flat spring Q thrusts i t  
against the cam, replacing the centrifugal force, and a new 
scanning cycle begins. The housing is partly filled with lubricat- 
ing oil, and the high speed of the mechanism serves to create 
effective mist lubrication. 

Simple Device Reciprocates 
Rotating Printing Roll 

An arrangement was required to spread ink evenly between 
two revolving printing rolls. Although there are many conven- 
tional solutions of this problem, the assembly illustrated in Fig. 4 
accomplishes the desired results with a minimum number of 
moving parts which can be easily disassembled and cleaned as 
needed. 
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FIG. 4. To spread the ink evenly, roll C is reciprocated ae it rotates in 
contact with roll B. Each stroke is accomplished in short intermittent 

steps. 

Equal distribution of the ink is best obtained by allowing 
one of the rollers to reciprocate continually in an axial direction 
during operation. In addition, one roll should be made slightly 
larger than the other so that the same areas of contact are not 
repeated on each revolution of the rolls. 

The reciprocating mechanism is shown in detail in Fig. 4. In 
the setup, a drive wheel A rotates printing roll B which, in turn, 
drives the second printing roll C. Roll A rotates in antifriction 
bearings which are held in housings D supported freely in slots in 
machine frame E. Members F and G are leaf-spring segments 
mounted in diametrically opposed positions on a collar on the 
shaft of roll B. Two collars H and J are each threaded on one- 
half of their circumference and relieved on the other half to a 
diameter less than the minor diameter of the  thread. Collars H 
and J are threaded right-handed and left-handed, respectively, 
and are mounted side by side on the shaft support roll C. The 
width of each collar is equal to the length of the total axial stroke 
to be given to roll C. 

As roll B revolves, segment F enters the thread on collar H, 
moving roll C to the right during the period they remain in 
mesh. Then, as segment J is rotated into the meshing posi- 
tion, the unthreaded half of the collar is presented to  the seg- 
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ment and the roll remains stationary for a period. Later, seg- 
ment F re-engages collar H and continues moving roll C to the 
right. This sequence would continue if the rolls were equal in  
diameter. However, since roll C is slightly larger than roll B, 
segment G reaches a position where it comes into contact wi th  
the threaded part of collar J and moves roll C to the left, as can 
be seen from the illustration. 

The leaf-spring segments are resilient, so that if they hit the 
crest of the thread, they are pushed aside. Then, because they 
are straight and the thread is helical, the segments will slip into 
proper mesh with the thread after roll B has rotated a few de- 
grees. Due to the alternating blank and threaded surfaces 'on 
collars .H and J, roll C is displaced axially in short intermittent 
strokes. This type of motion is helpful in spreading the ink. 

In  the particular arrangement shown, each stroke lasts four- 
teen revolutions of roll B. The ratio of the roll diameters is 15 
to 16, and the length of the axial stroke roll C is % inch or two 
and one-half times as large as the largest letter to be printed. 
Each of the collars has an eight-entry thread, the lead of each 
thread entry measuring M inch and the pitch, therefore, being 
s6 inch. 

The segments displace roll C axially about ' / l o  ipr (which i~ 
a little more than the pitch) in order to assure the entry of t he  
segment into the next thread. Consequently, each segment 
occupies 70 degrees of arc. The effective axial displacement, 
therefore, measures '/le inch, and six turns of roll B are required 
to move roll C % inch. During each seventh and eighth turn of 
roll B, roll C is idle. In operation, the rotational speed of roll B 
is 230 rpm. 

Members K are two identical hook-shaped springs that hold 
roll C against roll B and thus cause roll B to press firmly against 
driving wheel A. With this arrangement, the whole assembly 
can be taken apart simply by removing hooks K. It is unnece9- 
sary to adjust the mechanism during assembly, since the ar- 
rangement will automatically start the correct cycle after it has  
been in operation a few revolutions. 
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TOP VIEW (PARTIAL) 

CRANKSHAFT CRANK CUTTER NONROTATING CRANKSHAFT CRANK 
\ \ CARRIER SHAFT 1 / 

RECIPROCATING W \ STRIP MATERIAL MOVING 
WORK SUPPORT BUSHING AT CONSTANT VELOCITY 

I 
Fro. 5. Stack cut on the fly by knife rotating in a circle. 
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High-Speed Cutoff Device 

Continuously moving strip material can be cut without stop- 
ping the strip, thus speeding production. Conventionally, this 
type of cutting is done while moving the tool a t  the same 
velocity as the material and then withdrawing the cutter and 
returning it to the starting position and repeating the opera- 
tion. 

The principle is illustrated by the device shown in Fig. 5. The 
material to be cut moves a t  constant velocity. A circular 
knife on a shaft is supported by a cutter carrier which swings 
in a circular path on a pair of equal-length cranks. The cranks 
are driven clockwise a t  the same angular velocity by one or 
both of the connected crankshafts. 

When the right-hand crank is rotated, a bevel gear fixed to 
the crank drives a second gear fixed to the cutter spindle and 
revolves the knife. The cutter carrier has a nonrotating shaft 
which imparts a reciprocating motion through a sleeve bushing 
to a slide supporting the material while it is being cut. 

Since, in this arrangement, the cutter and work move in the 
same direction a t  the same speed, it is not possible to change 
the length of the cut-off piece without reproportioning the parts 
of the device. 

Intermittent Rotary and 
Linear Movement 

On a machine designed for producing ornamental woven-wire 
screening, it was required that two strands of wire be given a 
twist of two turns while in linear motion, then additional linear 
moton without a twist, next a twist and linear motion in the 
opposite direction, and finally a linear motion again without 
twist, completing the cycle. Figure 6 illustrates a mechanism 
devised to accomplish these motions. 

The bed section of the machine was dovetailed to carry a 
slide A. This slide is connected at one end with piston-rod B of 
a hydraulic cylinder that provides the operating power for the 
mechanism. Slide A carries bearing bracket C, which supports 

FIG. 6. Mechanism devised for actuating intermittent rotary and linear 
movements. 

a tubular shaft G. The far end of shaft G carries a pin P through 
its radial center to separate the two strands of wire and apply 
the twisting force, one strand of wire passing through the tube 
on either side of the pin. 

The outer end of shaft G carries two spools of wire which 
revolve on the shaft axis. Shaft G also carries gear D, keyed to 
it. The gear is provided with a pin I. Gear D meshes with rack 
E, which is mounted on the bed section of the machine by two 
studs that pass through slots in the rack. Each stud is provided 
with a spring H that produces frictional resistance to the move- 
ment of the rack. Two stops F and J are attached to  the ends 
of the rack. 

At the beginning of a cycle, gear D is a t  the right-hand end 
of the assembly in position W. As piston-rod B moves to the left 
and pushes the slide assembly with it, rack E does not move 
because of the frictional resistance applied by springs H. Gear 
D is, therefore, caused to rotate counterclockwise, beginning 
the twisting action on the wires. This action continues until 
gear D reaches position Y, a t  which point pin I is in contact with 
the far side of stop J. As the movement of slide A continues, 
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gear D can no longer rotate. Consequently, rack E is carried 
along with it until the gear reaches position 2,  which is the end 
of the left-hand movement, and one-half of the cycle has been 
completed. This half of the cycle, therefore, consists of a linear 
movement with a counterclockwise twist, followed by a period of 
linear movement without a twist. 

On the return movement of rod B to the right, rack E remains 
in position, and gear D revolves until it reaches position X, a t  
which point pin I contacts stop F and can no longer rotate. In  
moving from position X to the starting point W, rack E is re- 
turned to its original position, completing the cycle. In the 
second half of the cycle the linear motion is in the opposite di- 
rection to the movement in the first half and the twist is in the 
clockwise direction. 

Rotating and Sliding Mechanism 
Used in Polishing Rectangular Frames 

The mechanism shown in Fig. 7 was designed to provide the 
required motion for polishing a rectangular metal frame on all 
four sides, as well as on the faces adjoining those sides. The 
diagram in the upper right-hand corner indicates the movement 
of the frame relative to the wheel W during the polishing opera- 
tion. The frame is indicated by dot-and-dash lines. 

In operation, the frame moves along line L1L2 in the direc- 
tion indicated by arrow A until point C2 reaches point C1. This 
movement of the work past the wheel results in polishing surface 
1. The frame then turns 90 degrees in a clockwise direction, as 
shown by arrow B, and surface 2 passes the fixed point C1 in the 
same way that surface 1 did. Surfaces 3 and 4 pass point C1 
in a similar manner. After the entire periphery of the frame has 
been polished, the mechanism automatically stops for reloading. 

The four intersections of the sides of the rectangle- points 
C1 to C4 - are the centers of the 90-degree angle of rotation a t  
the end of each stroke. These points are analogous to the cen- 
ters C1 to C4 shown in section B-B. 

Cross-section A-A shows the work in dot-and-dash linea, 
mounted on a rotating and sliding nest R N .  Surfaces 1,2,3,  and 
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FIG. 7. Rotating and eliding mechanism designed for automatically polish- 
ing the periphery and faces of rectangular frames. 

4, of which 1 and 3 can be seen in this view, are to be polished. 
The adjoining faces l', 2', 3', and 4' are also to be polished, and 
for this reason, the wheel W is mounted at an angle, as indi- 
cated. 

Essentially, the mechanism consists of a stationary frame FF 
and F'F' in which are bearings for the drive-shaft G to which 
is fastened a gear H. Rotating slowly and a t  constant speed, 
gear H meshes with gear I to drive a shaft J on which is mounted 
a pinion D. Other members of this assembly include a sliding 
guide SG and the rotating and sliding nest R N  previously men- 
tioned. The thrust of the polishing wheel is absorbed by a sup- 
port 2. The nest slides (and rotates at  the end of each stroke) 
within the space C section X-X. Four pins C1, C2, C3, and C4 

are tightly pressed in nest R N ,  pins C1 and C3 being shorter 
than C2 and C,. 
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At the beginning of the polishing cycle, in the position shown, 
pin C1 coincides with the center of pinion D, which is in mesh 
with one-quarter segment E l  of an internal gear. The number 
of teeth in this gear is divisible by 4, which provides an equal 
number of teeth in each of the four segments E E2, E3, and Eq 
of the internal gear. These segments are connected by racks F1, 
F2, Fa, and F4, the means of fastening these members being 
omitted in the drawing for the sake of clarity. 

Nest RN slides in the direction of the arrow on two pins (in 
this position, C1 and C2) which ride in a slot K between liners 
L and M (sections X-X and Y-Y). The upper liner L is a 
continuous unbroken strip extending along the entire length of 
the slide guide SG, while liner M is cut through a t  N and N,, 
as may be seen in section B-B. At N (see section Y-Y) , this 
recess is one-half the width of the liner M, so that the longer 
pins C2 and Cq travel past it, while the shorter pins C1 and C8 
move through it for the 90-degree rotation of the frame. I t  
should be noted that this slot is angular in cross-section, having 
a separate piece that moves under spring pressure to close the 
slot after a pin has passed through it. This provides a smooth, 
unbroken surface for the pin to travel on after entering slot K. 

In operation, the engagement of gears H and I rotates pinion 
D, which, after disengaging gear segment El  engages rack Fq. 
This moves nest RN along line LlL2, in the direction indicated 
by the arrow, until the pinion engages the second gear segment 
E2. By that time, the short pin C ,  is at N and moves through 
the opening, thereby allowing nest RN to turn in a clockwise 
direction until pin C3 enters the guide strip through the open- 
ing at N2, which confines the angle of rotation to 90 degrees. 

After the rotation of pinion D has rotated segment Et ,  it en- 
gages rack F3 and causes the nest to slide along line L1L2. A 
long stroke now takes place, a t  the end of which C2 exits from N8 
as pinion D engages Es a t  the end of 90 degrees of rotation. C, 
enters N1 and movement along LlL2 again takes place. This 
procedure is followed for the remaining side, so that the frame 
rotates and slides four times in one complete polishing cycle. 

At the completion of a cycle, gears H and I are disengaged 
automatically to stop the movement of the mechanism and 
permit unloading and reloading of the work. The first step in 
this automatic action occurs when a pin Q (pressed into the 
rotating nest a t  a location farthest from point C1) contacts a 
micro-switch (not shown) moving it a distance d. A slot R (sec- 
tion X-X) in the slide guide provides clearance for the pin 
during its travel along line L1L2. The microswitch energizes 
a solenoid that moves a rod S, disengaging a spring steel latch 
T which is connected to slide guide SG and nest RN. The slide 
guide and nest then drop, by reason of their unsupported 
weight, a distance P, traveling along two guide rods V (only 
one of which is shown), thereby disengaging gears H and I. 

After reloading the nest, the operator raises the nest and 
guide by means of a knob U, bringing the assembly to the posi- 
tion illustrated. Since gear H rotates very slowly, its reengage- 
ment with gear I is a simple matter. 

This mechanism can be applied to any polygon. If it is em- 
ployed for a regular polygon, the short pins C1 and C3, as well 
as slot N, may be eliminated and four (or more) long pins used, 
which would drop after reaching the end of slot K. 

Vibrating Roll Drive 
for Printing Press Fountains 

In the ink-distributing fountain of a printing press, certain 
rolls have to reciprocate axially as well as rotate. The device 
shown in Fig. 8 illustrates a simple drive that produces both of 
these movements in a small-diameter roll A. This roll is in 
contact with a large-diameter roll B which rotates but does 
not itself reciprocate. Keyed to  the end of each roll shaft is a 
spur gear. Both gears have pitch diameters that are equal to the 
outside diameters of the respective rolls t o  which they are at- 
tached. 

On each side of the smaller gear C is a shroud D. These shrouds 
overlap the rim of the larger gear E. Gear E is mounted 
so that its axis is canted a few degrees to that of roller B. 
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FIG. 8. Shroude D constrain gear C to the helicoidal mth of gear E, caua- 
ing roll A to vibrate axially as well as rotate. 

In operation, gear E drives gear C; the shrouds constrain the 
smaller gear to follow the face of the larger gear. The result is 
to produce an axial movement of the roll shaft of the smaller 
gear equal to the throw of the larger gear, as indicated by the 
dotted lines. 

CHAPTER 12 

Speed Changing Mechanisms 

Providing a fixed or adjustable speed of rotation of a rotating 
driven member that is different from the speed of rotation of 
the driving member can be accomplished in many different ways. 
Mechanisms described in this chapter illustrate the use of 
gears, ratchets, friction wheels, cams, pulleys and belts in com- 
binations that are noteworthy for some ingenious feature or 
special function which they perform. 

Other speed-changing mechanisms are described in Chapter 
11, Volume I; Chapter 10, of Volume 11; and Chapter 12, Vol- 
ume I11 of "Ingenious Mechanisms for Designers and Inventors." 

Ball Bearing Serves as 
Planetary Reduction Gear 

A light-duty mechanism, driven by a I/lo-H.P. motor, was 
found to be running too fast to function properly. Since no 
space was available within the mechanism housing to permit 
the use of a larger driven pulley, another means of speed re- 
duction was sought. This took the form of a conventional single- 
row, heavy-series type ball bearing, which was used as a plane- 
tary reducing mechanism. 

As shown in Fig. 1, driving pulley A is allowed free rotation 
on motor shaft B by two ball bearings C. A spacer D is placed 
between the bearings, and collar E retains them. Steel pins F 
are pressed into one side of the driving pulley, their free ends 
projecting into the rivet space between the cage recesses that 
contain the balls of the heavy-series type ball bearing G. 

279 
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FIG. 1. This drive mechanism makes use of a ball bearing G to eerve in 
the capacity of a reducing planetary gear unit. 

The inner race of bearing G is press fitted on sleeve H, which, 
in turn, is secured to motor shaft B. The outer race of the bear- 
ing is held stationary by a split band J. Pressure is applied to 
the split band by tightening L-shaped bolt K, the end of which 
passes through eye-bolt L. The eye-bolt is fastened to the 
frame of the motor. 

When the motor shaft rotates, sleeve H and the inner race 
of ball bearing G move in unison with it. This movement drives 
the balls and the cage of the bearing, causing the balls to roll 
along the fixed outer race. Driving pulley A is thus rotated at 
a reduced speed through the engagement of pins F with the mov- 
ing cage of bearing G. The slight axial load applied to the balls 
by pins F tends to increase the power-transmitting capacity of 
the drive. In practice, no noticeable slip was encountered, 
even during the instantaneous application of heavy loads to the 
driving pulley A. 

Rotational speed of the inner race of bearing G (also of the 

motor shaft) is ( 1 + - ) times the rotational speed of the 

cage, where Do is the diameter of the inner-race ball track and D, 
ia the diameter of the outer-race ball track. With the particular 
bearing used in the illustrated setup, the speed reduction be- 

tween the motor shaft and the driving pulley was approximately 
2.5 to 1. 

Shaft-Mounted Speed Reducer 

Shown in Fig. 2 ia a geared speed reducer of unusually com- 
pact design. The small cylindrical unit mounts directly on the 
drive-shaft and transmits its torque to the driven member 
(not shown) by means of a V-belt. Assembled appearance and 
construction details can be visualized from the partial section in 
Fig. 2 and the exploded view in Fig. 3. 

The center section of the speed reducer consists of a steel 
sleeve A, internal gear B, and pinion C. Internal gear B is 
pressed into the steel sleeve. Pinion C, which is keyed to drive- 
shaft D, meshes with this gear. 

F'xa. 2. Compact speed reducer mounts directly on drive-ahaft D. Driven 
sleeve A ie coupled to moving machine member by V-belt G. 
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FIG. 3. Exploded view of shaft-mounted speed reducer. For quantity pro- 
duction, internal gear B can be eliminated and the teeth cut directly in 

sleeve A. 

Two bronze end plates E have shoulders that are turned to a 
running fit with steel sleeve A. The bearing holes through which 
the drive-shaft passes are located off center by the distance 
necessary to provide proper engagement between the internal 
gear and the pinion. Collars F are locked to the shaft adjacent 
to the end plates and serve to retain the assembly intact. The 
unit can be packed with grease before assembly and, if desired, 
a grease fitting can be added for relubrication. 

When the speed reducer is in operation there is a tendency 
for it to rotate with drive-shaft D about axis Y-Y. This prone- 
ness toward eccentric rotation is counteracted by the pull of 
V-belt G which restricts rotation to steel sleeve A about axis 
Z-Z. A secondary effect of the tendency to rotate about axis 
Y-Y is that adequate tension is maintained on the V-belt. If it 
is desired to hold the unit rigid, a support arm can be provided 
from a point on the machine frame to one of the end plates. 

Geared Speed Reducer 
Changeable Under Load 

A geared speed-reducing mechanism that can be regulated to 
obtain any one of sixteen different ratios without disengaging 
the input load is here illustrated. Changing of the speed ratio is 
accomplished with the gears in any position and while they are 
idle or in motion. Slippage will not occur if the torque trans- 
mitted is below a certain predetermined magnitude, but any 
over-loading of short duration is cushioned by a spring-loaded 
shock-absorbing arrangement. 
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FIG. 4. On the down stroke, cam A pull8 slide C into the preea. Then 
punch B pushes the blank through die E.  
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The mechanism (Fig. 4) consists of four similarly constructed 
gear-boxes A, Al, A2, and As mounted in-line vertically with 
the output of each unit being the input to the one immediately 
above. Each gear-box can be operated at either of two speed 
ratios, one of which is 1 to 1. The second gear ratio for each 
unit is as follows: 1.5 to 1 for A, 2 to 1 for A l ,  4 to 1 for A*, and 16 
to 1 for A,. With this choice of speed ratios for the individual 
gear-boxes, sixteen different speed reductions ranging from 1 to 
1 up to 192 to 1 are possible when the units are combined in a 
single four-stage mechanism. The speed ratio of an individual 
unit is changed by means of a selector knob B mounted on each 
gear-box. How the speed ratios of the four individual gear-boxes 
are combined to obtain the available speed reductions is shown in 
the accompanying table. 

How Speed Ratios of Individual Gear-Boxes are Selected to Obtain 
Sixteen Speed Reductions 

Lower gear-box A is set to operate a t  a speed ratio of 1 to 1 
when lever C, which pivots on pin D, is in the lowered position 
as shown in Fig. 4. In this case, the motion of the input shaft 

Over- All 
Speed 

Reduction 

1 to 1 
1.5 to 1 

2 t o l  
3 t o l  
4  to 1 
6 t o l  
8 t o l  

1 2 t o 1  
16to 1 
24to 1 
32 to 1 
@ t o 1  
6 4 t o l  
96 to 1 

128 to 1 
192 to 1 

and gear E is transmitted through a positive clutch to shaft F. 
Spring G further transmits the motion to member H which is a 
section of a cylindrical cup. Member H is mounted on the 
same shaft as the input gear El for gear-box Al. In addition, the 
motion of gear E is transmitted to gear J, and the motion of 
member H is transmitted through gears K and L to shaft M. An 
over-running clutch prevents shaft M from becoming coupled to 
gear J. This arrangement is possible since the shaft rotates faster 
than the gear. 

The over-running clutch, illustrated in Fig. 5, consists of two 
rollers that revolve with shaft M inside a bushed hole in gear J. 
(Rotation of both gear and shaft is always in the direction indi- 
cated.) If the shaft rotates faster than the gear, the rollers move 

ROTATION 

J 

SECTION Y-Y 

J 

i i 

Speed Ratio of Individual Gear-Boxm 

FIG. 5. The over-running clutch that preventa low of load when speed 
ratio ia changed is seen in detail. 

A 

1 to 1 
1.5 to 1 

l t o l  
1.5 to 1  

l t o l  
1.5 to 1 

1  to 1 
1.5to 1 

l t o l  
1.5 to 1 

l t o l  
1.5 to 1 

l t o l  
1.5 to 1 

l t o l  
1.5 to 1 

A1 

l t o l  
l t o l  
2  to 1 
2 t o l  
l t o l  
l t o l  
2  to 1 
2  to 1 
1 to 1 
l t o l  
2 t o l  
2 t o l  
l t o l  
l t o l  
2 t o l  
2 t o l  

A2 

1  to 1  
l t o l  
l t o l  
1 to 1 
4 t o l  
4 t o 1  
4  to 1 
4 t o l  
1 to 1 
l t o l  
l t o l  
l t o l  
4 t o l  
4 t o l  
4 t o l  
4 t o 1  

A3 

l t o l  
l t o l  
1 to 1 
l t o l  
1 to 1 
l t o l  
1 to 1 
l t o l  

16 to 1 
16 to1  
16 to1  
1 6 t o 1  
1 6 t o 1  
16 to1  
16to 1 
16 to1  
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freely with the shaft. Retainers in the form of thin leaf springs 
are bolted to the shaft to hold the rollers in place. When shaft 
F is disconnected from member E, the drive slows in rotation 
until the relative motion between gear J and shaft M becomes 
zero. At that instant, the angular flats on the shaft force the  
rollers outward until they become wedged against the gear, 
which will then become the driving member. This is accom- 
plished immediately and practically no relative motion in the 
opposite direction is obtained. 

When the selector knob is turned to obtain speed reduction, 
the lever C is pivoted to the raised position and the positive 
clutch is disengaged. Lever C, is seen in the raised position in 
Fig. 4. With this arrangement, the motion of gear J is trans- 
mitted to the output shaft and gear El through the over-run- 
ning clutch, shaft M, gear L, and gear K. When lever C is 
lowered to change back to the 1 to 1 ratio, output gear E l  is 
again driven through the positive clutch, shaft F, spring G, and 
member H. The drive through the over-running clutch becomes 
uncoupled as shaft M again rotates faster than gear J. 

The purpose of part N is to tension spring G so as to trans- 
mit only a predetermined safe torque without deflecting. Mo- 
mentary loads greater than this value will cause the spring t o  
deflect and thus cushion the shock of the mechanism. A shock 
load may occur as lever C is lowered to shift to the 1 to 1 speed 
ratio. Enough clearance is provided between parts N and H t o  
prevent interference when lever C is in the raised position. 

Since gears J and E have a 4 to 1 speed ratio for all four 
units, the ratio of each gear-box is varied only by the choice of 
gears K and L. In addition, gears K and L are selected to make 
the distance between their centers the same in all units. 

When knob B is turned counterclockwise, bolt 0 lifts lever C 
to the raised position and the drive is immediately shifted to a 
lower speed. Lever C is secured in this position since an integral 
arm P is held by latch Q which pivots on headed pin R. Spring 
S, pin T, and its retaining collar rotate counterclockwise with 
the knob. Pin T rotates latch Q so that a protrusion on this 
member is hooked under arm P. Spring S also holds the knob 

in the position in which it was set. Two springs U push lever C 
down and provide the necessary pressure to keep arm P hooked 
in place. 

Shifting back to a higher speed ratio is accomplished by turn- 
ing knob B clockwise. Bolt 0, rotating with the knob, pushes 
latch Q aside and releases arm P. Springs U, in turn, push 
lever C to the lowered position, and shaft F becomes coupled to 
the input gear E by means of the positive clutch. 

In operation, response of the mechanism is instantaneous when 
shifting any individual unit to a lower speed. Response to the 
changing of any unit to a higher speed (that is to the 1 to 1 
ratio) is not instantaneous, as a very slight delay is necessary 
for the positive clutch and spring G to become driving members. 
Use of the overrunning clutch, however, keeps the drive operat- 
ing under load until i t  is shifted to these members. The mech- 
anism can be driven in only one direction but it is possible to 
make the output reversible by adding a special gear-box with 
operating ratios of 1 to 1 and - 1 to 1. 

Double Clutch Permits 
Reversal of Driven Shaft 

In modern plants, i t  is frequently desirable to have control 
over the rotational direction of a driven shaft. A simple set-up 
that provides this control, without altering the direction of 
rotation of the driving shaft, is shown in the accompanying illus- 
tration. 

A double electromagnetic clutch (see Fig. 6), consisting of 
units A and B, is mounted on driving shaft C. Two drive mem- 
bers, gear D and sprocket wheel E, are mounted on ball bearings 
and are in contact with clutch units A and B respectively. Driv- 
ing gear D meshes with driven gear F, and driving sprocket 
wheel E is joined to driven sprocket wheel G by a link chain, not 
shown. Both of these driven members are keyed to output shaft 
H. 

Shaft C rotates in the direction shown, arrow 1, at all times. 
When i t  is desired to have shaft H rotate in the same direction, 
arrow 2, clutch unit B is energized. This results in the transmis- 
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FIG. 6. Rotation of output shaft H can be reversed by the action of a 
double clutch without altering the rotation of driving shaft C. 

sion of power from sprocket wheel E to sprocket wheel G, while 
gear D idles. If, on the other hand, it is necessary to rotate 
the output shaft in the direction shown by arrow 3, clutch unit 
A is energized. Sprocket wheel E then idles, as power is trans- 
mitted from gear D to gear F. If desired, the chain drive can be 
replaced with a belt drive. 

Three-Speed Gear Conversion Unit 
for Bicycle Coaster Brake 

The bicycle three-speed mechanism, as shown in Fig. 7, is 
assembled on a shaft or axle K, which is simply inserted in the 
regular coaster-brake hub shell F in place of the original plain 
shaft and sprocket. The regular brake plates or disks H, the ball 
bearings at  each end of the hub shell, and sleeve G remain 

undisturbed. The brake can be applied when using any of the 
three speeds by simply back-pedaling in the regular manner. 

Essentially, the "Triplspeed" unit consists of a sprocket A 
driven by the bicycle chain; a planet-gear carrier B to which the 
sprocket is attached; four compound or stepped planet gears C 
journaled on the planet-gear carrier studs; a ring gear D with 
which the teeth of planet gears C are constantly in mesh (The 
ring-gear driver D is made with a triple-thread extension E, 
which serves as a means of driving the hub shell F through the 
sleeve G or applying the brake by exerting pressure on the brake 
plates H.) ; a sliding sun gear I with a larger supplementary sun 
gear J; and an axle K to which an axle cone L is permanently 
fixed. 

In low gear, the sun gear I rotates freely on the two-piece axle 
sleeve M. One set of sun-gear teeth I meshes with the teeth at  
the larger end of planet gears C and the other set of sun-gear 
teeth engages the internal teeth of supplementary sun-gear J, 
whose outer teeth mesh with the teeth of the smaller end of 
the planet gears. Since i t  is impossible for the stepped planet 
gears C to revolve about sun gears (I and J) of unequal diam- 

Fk. 7. Cross-section view of "Triplspeed" coaster-brake mechanism. 
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eters, the mechanism is locked and is driven as a unit about the 
axle, resulting in direct drive or low gear. 

When the sliding sun gear I is moved to the right, it disengages 
the supplementary sun gear J and immediately engages the in- 
ternal teeth of the fixed axle cone L. Thus the sun gear I be- 
comes stationary, allowing the planet gears C to revolve about 
the sun gear and cause ring gear D to revolve. This results in 
the first over-drive or normal gear. 

When the sliding sun gear I is moved farther to the right and 
deeper into the fixed axle cone L, the teeth on the left-hand end 
engage the internal teeth of the supplementary sun gear J ,  
allowing the small planet gears C to revolve. The teeth a t  the 
larger end of planet gears C, being made integral with the gear 
on the smaller end, drive the ring gear D. This results in the 
second overdrive or high gear. 

The outward movement of the sliding sun gear I is accom- 
plished by pulling the control cable attached to the coupling 
N. The cable is operated by means of the control shifting lever 
mounted in a convenient position on the handle bar. When the 
cable tension is released, the sliding gear is allowed to move in- 
ward, resulting in successive gear changes to normal and low 
gear. The gear changes are, therefore, from low to normal to 
high, and vice versa. The brake can be applied a t  any speed 
in the conventional manner. This three-speed drive is a true syn- 
chro-mesh transmission. The gears cannot clash during gear 
changes because the sliding sun-gear teeth always leave one 8et 
of mating gear teeth before entering another set. The gears are 
so designed that the sliding gear, regardless of speed, always 
engages its mating gear without lost motion and without clash- 
ing. Therefore, shifting may be done a t  any time. 

Each gear change may be pre-selected. Pre-selecting of any 
of the three speeds may be accomplished, while driving, by 
shifting the control lever in advance. When the rider wishes 
to change gears, he momentarily stops pedaling. This releases 
the driving pressure, allowing the gear change to be made quickly 
and automatically by the actuating spring. Pedaling can then be 
resumed in the pre-aelt :ted speed. 

Changing from one speed to another is done as follows: The 
position of the sliding sun gear I is predetermined by the move- 
ment of the two-piece sleeve M on which gear I is mounted. The 
two sections of sleeve M are backed up by two springs P and Q 
within axle K. With the sliding sun gear I under torque from 
pedaling, the shifting lever is moved to the desired gear change 
position. When the torque is removed from the sun gear by 
momentarily stopping pedal movement, the axle spring moves the 
sliding sun gear automatically to the predetermined position. 
Upon resumption of pedaling, the sliding sun gear has assumed 
its proper position and the unit is in the desired gear. Similarly, 
pre-selection may be accomplished from high to low, normal to 
high, or any other desired combination. 

One of the most attractive design features of this drive is that 
the shifting control-lever assembly is located near the handle-bar 
grip. Shifting of gears is done without the necessity of removing 
the hand from the grip. Shifting from low to normal to high is 
done by pulling up on the shifting lever with the fingers. Shift- 
ing from high to normal to low is accomplished by pushing down 
on the release lever with the thumb. 

The calculation of the bicycle "gear number" is as followa: 
The bicycle "gear" is an indication of the distance traveled by 
the bicycle per revolution of the pedal crank or front sprocket. 
The "gear number" multiplied by 3.1416 equals the distance 
covered in one revolution of the front sprocket. Thus a bicycle 
having a 69 gear travels 216 inches, or 18 feet, along the road for 
each crank revolution. 

The "gear" of a bicycle is the product of the number of teeth 
in the front sprocket and the number of inches in diameter of 
the rear wheel divided by the number of teeth in the rear 
sprocket. The result is the "gear number" in inches. The trade 
has dropped the dimensional unit of inches and the gear is 
known as a number. This calculation may be expremed by the 
following formula: 
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where G = bicycle gear number; 
F = number of teeth in front sprocket: 
W = rear wheel diameter, in inches; and 
R = number of teeth in rear sprocket. 

In this new three-speed drive, the gears are reduced 25 per 
cent and increased 331h per cent from normal gear, so that the 
three gears may be computed as follows: 

4FW 
Normal G = ---- 

3R 

16FW 
High G = - 

9R 

In a "Triplspeed" equipped bicycle having 26- to 2 %-inch bal- 
loon tires, a 26-tooth front sprocket, and a 13-tooth rear 
sprocket, low gear would be 53, normal gear 70, and high gear 
94. 

Therefore, with the new three-speed coaster brake, a bicycle 
travels about 14 feet in low gear for each revolution of the pedal, 
about 18 feet in normal gear, and about 24 feet in high gear. 

Moving Supports for Long Boring-Bar 

When large forged gun barrels are bored, the boring-bar may 
be as much as 70 feet long. Such a long bar may easily be bent 
by its own weight. The consequence is a bore that will weave 
eccentrically in some sections, or be out of round. To eliminate 
these inaccuracies an effective traveling support system, Fig. 8, 
was devised. 

The boring-bar is supported at three intermediate points on 
the tailstock by traveling supports X, Y, and 2. The left-hand 
support W remains stationary. The housing C contains the 
motor and the necessary gears and controls to feed the bar to 
the left into the bore a t  the desired rate. The right-hand end 
of the boring-bar is attached to this drive. The three intermedi- 
ate supports move in the direction of the boring-bar feed a t  
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I 

I 
FIG. 8. Movement of boring-bar supports X, Y, and Z toward tailstock W 

must be proportionate to the total distance traveled by housing C. 

speeds arranged so that they are at  all times equally spaced be- 
tween the support W and housing C. 

I t  will be noted that the clear space between supports W and 
X is one-fourth of the sum of the clear spaces between W and C. 
Consequently, support X should move one-fourth of the speed 
of housing C; support Y a t  one-half the speed of C; and support 
Z at three-quarters of that speed. 

The boring-bar is moved by the lead-screw A which is driven by 
a gear train in housing C. A nut B carries housing C forward ae the 
screw is rotated. The screw A is provided with a keyway its full 
length. The bearing a t  the left end of A is arranged to take axial 
thrust in both directions. As nut B is rigidly attached to housing 
C, one revolution of shaft A will move housing C a distance equal 
to the pitch of the thread. If, however, this nut is rotated in 
the same direction and speed as the screw, there is no forward 
motion of housing C. 

Figure 9 shows in detail the mechanism used under each sup- 
port that gives forward motion. The motion consiata of a 
cluster of four gears. Gear D slides on lead-screw A, and is 
turned by a feather key fastened in the bore of gear D. Gear E, 
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FIG. 9. Each of the 
from the keyway in 
over the lead-acrew. 

boring-bar supporta has a reduction gear train driving 
lead-mew A.  Gear D came8 the key but only slides 
Gear F drives the nut forward via the reduction gear 

train from G to E. 

which meshes with D, is mounted on the hub of gear G. Gear F 
is threaded to fit lead-screw A. All four gears are held in a cage 
J, which is attached to the underside of its particular support, 
and held from axial-movement keyway K. By changing the 
ratios between g e m  D, E, G, and F, the supports can be caused 
to move toward W a t  the desired speeds. 

Hydraulic Gear-Shift Control 
for Speed-Change Mechanisms 

For controlling modem speed-change mechanism that incor- 
porate sliding gears or jaw-clutch couplinge, hydraulic systems 
are being widely used. Generally, the gears of such mechanisms 
run a t  a speed that is too high to permit changing the speed 

under operating conditions. To overcome this difficulty, either 
slow-motion features are embodied in the design or provision 
is made to prevent the gears from being shifted prematurely, that 
is, before the speed has been reduced to a rate suitable for the 
purpose. 

An automatic hydraulic control system that meets the require- 
ments mentioned is shown in Fig. 10. (Note that the views in Fig. 
10 are in accordance with the European system of projection.) 
This system is of conventional type, using an oil pump which 
serves to lubricate the gearing or the machine driven by it - 
as for instance, a machine tool. It also supplies oil under the 
pressure required to effect the control. The system is composed 
mainly of a small gear type or plunger type auxiliary pump B 
which has its driving shaft C coupled to a constant-speed shaft of 
the gearing; a spring-loaded control valve D; and a throttle E. 

When the gearing is in operation, oil drawn by the auxiliary 
pump through bore Q is carried through bore S into cylinder 
P. The oil lifts control valve D against the action of spring J 
so that the stream of oil coming from the main pump (not 
shown) and entering the system at orifice F is permitted to pass 
through annular space H and flow freely at  orifice K to effect 
the lubrication. The additional amount of oil supplied by pump 
B is also fed to the lubricating pipe through passages L and M. 
The oil pressure can be varied by means of set-screw 0 after re- 
moving plug N. 

When the gear mechanism is stopped by disengaging a clutch 
between the driving motor and the gearing, less oil is supplied by 
pump B and the control valve D will then drop because of the 
pressure exerted by spring J. This is accomplished at a rate which 
depends upon the adjustment of spring J and throttle E. Oil 
coming through cylinder P is then allowed to escape through 
passage M into the lubricating pipe. In moving downward, con- 
trol valve D opens the pressure pipe R. As the main pump con- 
tinues running, the oil it supplies is fed through a distributor 
to pistons for moving the gears. Thus, smooth shifting is in- 
sured. 
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ma. 10. Hydraulic mechaniem assurea smooth ahiftillg of gears. 

Differential Screw Assembly for a Slide 

To enable a slide to travel a t  a reduced rate during part of its 
movement, a mechanism consisting of a differential screw assem- 
bly was designed. The device, shown in Fig. 11, controls the 
linear movement of a nut block A to which the slide is fastened. 
The nut block has a 10-pitch internal thread and engages the 
externally threaded end of a drive-shaft B. 

At its opposite end, the drive-shaft is square in section, pro- 
viding a sliding fit for the handwheel C which operates the slide. 
Part of the cylindrical length of the drive-shaft bears in a bush- 
ing D, which in turn, has a 12-pitch external thread engaging a 
fixed bracket E. Shoulders F on the bushing serve to limit its 
axial movement in the bracket. In addition, the left-hand shoul- 
der is designed as a straight-tooth clutch G, the other member 
of which is developed from the hub end of the handwheel. A 
spring H keeps the two members of the clutch in normal disen- 
gagement. 

Since another pair of shoulders J, fixed on the drive-shaft, pre- 
vents its axial movement, turning the handwheel produces a 
transverse travel of the nut block. When the clutch is diaen- 

FIG. 11. When clutch G is engaged, the rate of travel of the alide is equal 
to the difference between the pitches of the two threads. 



298 SPEED CHANGING MECHANISMS 

gaged, the bushing remains stationary while the drive-shaft 
rotates, and the nut block travels so inch per revolution. 

To produce the speed differential, the clutch is engaged, and 
the bushing, now rotating in unison with the drive-shaft, also 
moves axially. This axial movement of the bushing is trans- 
mitted to the drive-shaft through the thrust against the shoul- 
ders J. Movement of the bushing and drive-shaft is opposite 
to the direction of the nut block. But since the bushing and 
drive-shaft move only 1/12 inch per revolution, the net result is 
to reduce the travel of the nut block to %o inch (%,, - % 2  

= 1/, , ) per revolution. 
Still finer adjustment of the slide is possible if the difference 

between the thread pitches is still smaller. Thus, with a 9-pitch 
nut block and a 10-pitch bushing, the travel of the nut block is 
only %o inch per revolution. When equipped with a graduated 
collar, the handwheel will register the amount of slide travel 
through any small degree of drive-shaft rotation. For example, 
if the collar has 110 divisions, controlled fine adjustments of 
0.0001 inch can be made. 

Difficulties may arise if the bushing is rotated continuously 
in one direction, since eventually, one of the shoulders F will jam 
against the bracket. For this reason, a simple indicating device 
consisting of a transparent band K has been provided. One 
end of the band is fixed to the shoulder; the other is held by a 
spring L. The band is guided around a roller M in front of a 
window N in the bracket which is illuminated by an electric 
bulb 0. 

If  the shoulders of the bushing come too close to the bracket, 
red-colored portions appear in the window as a warning. An- 
other method is to fit micro switches or electrical contacts to 
the shoulders, which can close a circuit to a warning light. Either 
method will serve to expand the use of differential screws, since 
an important drawback to their operation is thus eliminated. 

CHAPTER 1 3  

Speed Regulating Mechanisms 

Machines which wind material such as paper, cloth or metal 
strip on spools or reels or which form or twist wire may require 
a synchronous rotation of two shifts with or without an occa- 
sional momentary acceleration or retardation of one shaft with 
respect to the other. In other machines the speed of the driven 
shaft must be maintained within close limits. The mechanisms 
described in this chapter have been designed to perform such 
special speed controlling functions. Similar mechanisms are de- 
scribed in Chapter 13, Volume I11 of "Ingenious Mechanisms 
for Designers and Inventors." 

Instant Acting Centrifugal Governor 

A steam turbine in a chemical plant was required to operate 
below a certain rotational speed. For the particular application, 
the use of a conventional centrifugal governor would not be 
satisfactory, since it would reduce steam gradually by starting 
the decrease before the turbine reached the maximum allowable 
speed. This would cause a hunting effect when the speed is 
adjusted by means of the manual valve and would require the 
use of an especially complicated automatic setup. The desired 
effect could be achieved by adding a friction brake to a con- 
ventional governor. Such an arrangement, however, would 
result in hysteresis, since the governor would then stop the steam 
supply at a turbine speed much higher than that at  which the 
supply is renewed. This, again, would be undesirable. The de- 
vice shown in Fig. 1 provided the necessary speed control. 

299 
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F'Ic. 1. Schematic diagram illustrating the principal design features of a 
quick-acting centrifugal governor. 

I n  the schematic diagram of the mechanism (Fig. I ) ,  a rigid 
bar is shown with weights A attached to each end. The bar is 
free to turn and is mounted on the main shaft B by means of a 
short shaft C. This short shaft is carried perpendicular to shaft 
B. Since a full revolution of the bar about shaft C is unneces- 
sary, stops D and E are employed. A spring F is attached a t  
one end to the bar as shown, and the other end is secured to a 
rigid support fixed on shaft B. 

The centrifugal force f that acts on the mass m of weight A as 
shaft B rotates a t  a speed of n rpm is given by the following 
equation: 

f = m ( r s i n a )  2x - ( 60)' 

f = mr sin a (tt) ' 
where 

r is the radial distance between the center of rotation of the 
bar and the center of gravity of the weight, and 

a is the included angle between the bar and shaft B. 

This force produces a torque on the bar, the  lever arm of which 
is r cos a. Since there are two weights A ,  the total torque T A  

produced is 

T A  '= 2f ( r  cos a )  

= 2mrz sin a cos a (:-:-)' 

In an actual mechanism, the weights and the bar consist of an 
infinite number of elemental masses, and the  total torque T A  will 
be the integral of the elemental torques these masses produce, or 

T.4 = K ,122 sin 2a 

where 

K A  is a constant depending on the weight and shape of weights 
A and the bar. 

The opposing torque produced on the bar by spring F is ob- 
tained in similar fashion. This spring is constructed in such a 
way that i t  is not under tension when angle a = 0. In  Fig. 1 ,  the 
extension of the spring is 

r, sin a 

where 

r, is the radial distance between the center of rotation of the 
bar and the point a t  which the spring is secured to the  bar. 

The force exerted by the spring is cr, sin a where c is the spring 
constant of member F. Therefore, the torque T, applied by the 
spring on the bar is given by the equation: 

T, = cr,2 sin a cos a 
In  the actual governor (shown in Fig. 2)  the spring exerts 

pressure on two bars. Thus, when each rotates through a n  angle 
a, the expansion of the spring will be 

2r, sin a 
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-; 3 
a 

b i -  z 2 
.E 2 

and the torque on the bars will be 

2crf2 sin a cos a, or 

crf2 sin 2a 

since the term err2 is a constant, it can be expressed as Kt and 
thus 

T I  = K f  sin 2a 

In this manner the device is arranged so that the torque pro- 
duced by the spring depends on angle a in the same way as the 
torque produced by the centrifugal force acting on the weights. 
Therefore, as long as 

the bar is held by the spring against stop D (angle a is a t  mini- 
mum value), but when the rotational speed n increases, KAn* 
increases as the square of the speed until 

Then, regardless of the angle, the torque produced by the 
centrifugal force on weight A will exceed the torque produced 
by the spring, causing the weighted bar to almost instantly 
rotate from D to E (maximum value of angle a). When KAn2 
becomes smaller than K,, the bar will just as rapidly move back 
to stop D. 

The rapid movements are due to the fact that n is squared in 
the KAn2 term, and therefore every rise and fall in the speed 
of the turbine causes a fast increase or decrease of KAn2 as com- 
pared with Kt.  The critical speed at which the bar changes posi- 
tion is determined by the shape and weight of the bar and 
weights A and by the spring constant c. The energy for the 
movement toward stop E is supplied by the kinetic energy of 
the turbine, while the return movement is energized by spring F. 

When transIating the mechanism shown in Fig. 1 into a 
practical application, three conditions must be met: 

1. The weights in the arrangement (Fig. 1) must have oppo- 
site counterparts to make it dynamically balanced and 
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thus prevent the centrifugal force from tending to bend 
shaft B and causing vibrations. 

2. The support for the spring must move parallel to shaft B 
in order to permit proper application of spring tension to 
the bar as angle a changes. 

3. A means of obtaining the output must be provided. 

The actual governor, shown in the actuated position in Fig. 2, 
is designed so that the entire mechanism rotates on the main 
shaft G.  To achieve dynamic balance, two crossed, weighted 
bars are employed, each of which is formed of two parts: H and 
J. Part H is made of steel and has a protrusion L. Member J 
is made of brass and serves as the weight. These weights revolve 
opposite each other and are placed in such a way that after a 
short rotation about shafts M in either direction, the protrusions 
L contact each other a t  points N (or S )  and do not allow any 
further rotation in that direction. Parts H, L, and M are ma- 
chined from one piece of steel. 

One end of a spring 0 is set into a depression in each member 
L. An imaginary line extending between these depressions will 
always be perpendicular to shaft G, thus satisfying the second 
condition. 

Spring 0 is triangular when viewed as shown in section X-X. 
This shape insures an equal distribution of stress through the 
circumference of the spring. In this way a spring which has 
linear characteristics and can withstand large deformations in 
relation to size is obtained. 

To translate the rotation of the weights into a linear move- 
ment, a pin P is fixed on each of the weights J. Each pin has a 
matching groove in a sheet-metal part Q. When the critical 
speed is exceeded, members H rotate against the torque provided 
by spring 0, moving parts Q outward. Members Q, in turn, move 
an actuating pin R, welded to them, outward. 

Similarly, when the speed of the turbine slows, spring 0 re- 
turns parts H, which then contact each other a t  points S, and 
pins P pull parts Q, and thereby pin R, inward. In section X-X 

only one of the pins P is seen, as the second is fixed to  the under- 
side of the upper weight J. Pins P move parts Q in the same 
axial direction, whereas weights J revolve in opposite angular 
directions. 

The inner ends of shafts M are supported on ball bearings to 
reduce friction. Sleeve bearings are used at  the other ends, as 
the loads there are smaller. Shafts M are also provided with 
hardened steel covers which absorb the centrifugal pressure in 
the direction of their axis. 

Since it was not required, no provisions were made in the 
governor shown for adjustment of the critical speed. Critical- 
speed adjustment can be easily accomplished, however, by ar- 
ranging weights so that their distance from shaft M can be 
varied. 

Synchronizer that Insures 
Precise Speed Measurement 

Accuracy approaching that of an electronic counting device 
has been obtained by the synchronizing unit shown in Fig. 3. 
This unit is used to control a brake-test dynamometer. It will 

FIG. 3. Speed synchron~zer for brake-test dynamometer which is ex- 
tremely sensitive to speed changes. 
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sense a speed differential of 1 rpm in a rated speed of 3000 
rpm. 

The synchronizer receives power input from the synchronous 
motor A, which runs at  a speed of 1800 rpm. Through appropri- 
ate gearing the power is transmitted a t  a speed of 3000 rprn to 
an inner member B of an overrunning clutch. Outer member C 
of this clutch is pulley-driven by belt from the flywheel of the 
dynamometer. 

Both members B and C of the overrunning clutch rotate in 
the same direction. When the outer member attains a speed of 
3000 rpm through the flywheel drive, both the inner and outer 
members travel a t  the same relative speed and no locking action 
takes place within the clutch. A fractional increase in the speed 
of the outer member, however, will cause the clutch members to 
lock and the outer member will then be driving the inner mem- 
ber. 

This overdrive will cause gears D and E to run ahead of the 
synchronous motor input and cause sleeve F to advance a frac- 
tion of a revolution ahead of sleeve G. This advance will cause 
threads on shaft H to screw into threads in sleeve G, displacing 
shaft H from its original axial position. Such displacement will 
actuate a limit switch to trip the flywheel drive motor circuit and 
cause the flywheel to coast without power. This limit switch also 
actuates other circuits to apply brakes, timers, and recorders. 

As the flywheel loses speed, the inner member B of the over- 
running clutch is no longer locked to outer member C, and the 
entire train is again driven by the synchronous motor. The orig- 
inal position of sleeves F and G are re-established, causing 
threaded shaft H to screw back to ita starting point and disen- 
gage the limit switch. 

In the event the flywheel is accelerated too rapidly, no damage 
can be done to the synchronizer because the gear train will be 
driven by the flywheel. The synchronous motor will simply be 
overspeeded for a very short period. An electrical failure of the 
control circuit will produce the same result. 

Sleeves F and G are so designed that their maximum displace- 
ment can never exceed 270 degrees. With 16 threads per inch on 

the threaded shaft, the axial displacement of the shaft can 
never exceed 0.047 inch. 

Coupling J is connected to a zero-speed switch unit which 
can be used to stop recorders, clocks, and other devices when 
the pulley has stopped. The synchronizer is made up of stock 
gears and ball bearings, is oil sealed, and lubricated with light 
oil. The overrunning clutch is also a standard item designed to 
have almost zero backlash. A synchronous motor was used to 
obtain an accurate reference signal. 

Constant Horizontal Velocity from a Crank 

A paper-converting machine required that an operation be 
performed on the moving web. The web, however, had to be 
motionless a t  the time. Since it was impractical to stop the 
entire web, the device shown in Fig. 4 was designed for the pur- 
pose of stopping a portion of the web. 

As illustrated, the web enters from the left, passes under and 
around roll A and over roll B. I t  then passes over table C, 
around and under roll D, and returns to the left, to and around 
roll E. At this point, the web leaves the device by moving to 
the right in the same plane as the web approaching roll A. Rolls 
A and E are mounted together in a frame F which, in turn, is 

FIG. 4. Device for intermittently stopping a portion of a moving web 
employs a variable-length crank. 
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mounted on slides carried in suitable guides in the main frame 
of the machine. 

If frame F with rolls A and E is allowed to move to the right 
a t  one-half the speed of the moving web, roll A will take up and 
pay out the oncoming web a t  one-half web speed. Since roll E 
is paying out the web a t  one-half the absolute web speed and a t  
the same time is moving away from roll B a t  the same speed 
(one-half the absolute web speed), the web will remain station- 
ary with respect to rolls B and D and table C. Roll E will receive 
and pay out the web a t  one-half web speed, due to the relative 
linear motion of roll E with respect to stationary roll D. The 
web, in turn, will be received by the next member of the machine 
a t  full web speed, due to the relative motion between that 
member and roll E. 

The velocity of frame F must correspond to one-half the web 
speed, for if the speed is less, the web will still move forward over 
the table; or if the speed is greater, that portion of the web 
between rolls B and D will move backward to the left. Since the 
web must be stationary for an appreciable length of time, the 
movement of frame F to the right must remain a t  a constant 
speed during this period. A modified crank mechanism gives 
the frame constant motion. 

The horizontal velocity of a crank movement is normally 
variable through an entire cycle, due to the constant length of 
the crank a m .  If the length of this arm could be continually 
varied to suit through a portion of the cycle, a constant hori- 
zontal velocity would be obtained in that period. 

In the arrangement illustrated, the length of the crank arm 
was varied as needed by means of stationary cam U (Fig. 5). 
The crank G, driven in the direction shown, has a slot H a t  the 
outer end which carries a slider J. Member J is retained in the 
slot by a cover plate K. 

The horizontal motion of frame F is derived from the crank 
through a yoke L. This member has a slot M which accom- 
modates a second slider N. Washers P and Q retain slider N, 
and proper clearance is maintained by bushing R. Both slid- 
ers are mounted on crankpin S, which also carries a cam roller 

follower T. The latter, in turn, engages the groove in stationary 
cam U. 

The profile of the cam groove, Fig. 6, from points 0 to 18 will 
provide the varying length of the crank arm, whereas the groove 

8ECTION THRU CRANKPIN. 

Y I 

I I 

FIG. 5. Enlarged view showing details of mechaniem which allows the 
effective length of the crank arm to be varied. 
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from points 18 to 0 may be concentric with the center of the 
cam. The horizontal cam displacements shown above the cam 
layout, Fig. 6, are variable from points 0 to 4, are equal from 
points 4 to 14, and vary again from points 14 to 18, but in- 
versely, as from point 4 back to point 0. In this layout, the a n g u -  
lar divisions are 10 degrees each. 

The radius of the center line of the cam groove from the c e n t e r  
of the cam at point 9 is calculated so as to give the requi red  
horizontal velocity for the constant-speed portion of the c r d  
stroke. The balance of the groove radii for this portion ( p o i n t s  
4 to 14) are then determined. Analytically, the lengths of t h e s e  
various radii would be: d/sin 10" = R ;  2d/sin 20" = R1; 3d/sin 

Fn. 6. Layout of the groove in cam U which givea uniform horizontal 
velocity to follower T, yoke L, and frame F. 
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FIG. 7. Time-velocity diagram for one-half of the cam shown in Fig. 6. 
Constant horizontal velocity of the follower, yoke, and frame is obtained 

between points 4 and 9, and between points 9 and 14. 

30" = RP; etc. where d = total yoke displacement during con- 
stant-velocity portion of stroke divided by 10, the number of 
angular subdivisions in the 100-degree, constant-speed zone of 
the cam. 

As will be seen from the time-velocity diagram, Fig. 7, the 
horizontal velocity curve from points 27 to 0 is typical of a 
normal crank motion. From points 0 to 4 the velocity increases 
until the required value is attained a t  point 4, and from there to 
point 14, is constant. Thus, the horizontal velocity of the yoke 
and frame will be constant through 100 degrees of crank rota- 
tion. 

Operation of the device is as follows: When the crankpin 
passes point 27 on the cam, frame F will be moving to the left 
at  maximum velocity. At this instant that portion of the web 
between rolls B and D will be moving to the right at  a velocity 
much higher than that of the balance of the web. Then, as the 
crankpin reaches point 0, the frame will have zero velocity, and 
the entire web will travel at  the same velocity. 

From point 0 to point 4 the crank radius will be decreasing. 
Hence the speed of the web between B and D will be modified 
until, at point 4, the crankpin will have reached a radius that 
will give the frame a horizontal velocity equal to one-half of 
the oncoming web speed. At this point, that portion of the web 
over table C will be traveling a t  zero velocity and will continue 
to do so until the crankpin arrives at point 14. During this 
interval the required operation may be performed on the sta- 
tionary web which is then supported by table C. 
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FIG. 8. Idler pulleys D and E,  guided by a pantograph linkage mechan- 
ism, maintain uniform tension on steel band C when the center distance 

between shafts A and B is varied. 

Transmitting Uniform Speed 
Between Shafts Having Variable Centers 

Driven shafts can be rotated a t  uniform speeds regardless of 
variations in the distance from their driving shafts by means 
of the simple pantograph linkage mechanism seen in Fig. 8. 
The mechanism maintains uniform tension on a drive belt be- 
tween shafts having a variable center distance. While a number 
of plane link mechanisms utilizing as many as eighteen joints 
and twelve members have been devised for this purpose, the de- 
vice here described requires only six joints. 

Driving shaft A and driven shaft B, having a variable center 
distance X, are provided with flat-belt pulleys connected by a 
steel band C. To provide a uniform tension on this band - 
independent of any changes in the center distance - the drive is 
equipped with two idler pulleys, D and E, which are guided by 
a pantograph linkage consisting of levers F, G, H, and J. The 
long levers F and G are free to pivot about pins pressed into the 
ends of shafts A and B. Slotted bar K, carrying pulleys E and 
D, is guided in a direction perpendicular to the common center 
line of the shafts when the center distance is varied. The rela- 
tive positions of the mechanism components when shaft B is a t  
its maximum distance from shaft A are shown by broken lines. 

CHAPTER 14 

Feed Regulating, Shifting, and Stopping Mechanisms 

In all machines which perform operations on parts or on ma- 
terial, means must be provided for regulating, shifting and stop 
ping the feed of either a tool or the work. Such mechanisms 
which provide for this are described here. 

Other mechanisms which perform similar functions are de- 
scribed in Chapter 16, VoIume I; Chapter 14, Volumes 11 and 
I11 of "Ingenious Mechanisms for Designers and Inventors." 

Machine "Stops" Roll Labels 
Momentarily for High-Speed Die-Cutting 

Repetitive operations are sometimes performed on lengths of 
material that are moving a t  high speed. Generally, the tool k 
allowed to move with the work, but the patented mechanism, 
shown in Fig. 1, momentarily "stops" the moving material long 
enough for a stationary tool to function. The work, however, 
passes through the device a t  a constant, high speed. 

The mechanism was designed for die-cutting labels previously 
printed on rolls of paper stock called "web." Six rows of labels, 
printed on the web, are cut simultaneously by the die. Enough 
material is left between the labels within the rows so that the 
labels can be removed from the machine in rolls. Thin strippings 
which are left between the rows of labels are separated from 
them and diverted downward by a stripping mechanism (not 
shown). 

A roll of printed label web A, subsequent to being placed on 
spindle B of the machine, is unwound a few turns. The loose 
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St-CTfON X - X  

FIG. 1. With this mechanism, printed roll labels are momentarily held 
stationary and die-cut. The label web enters and leaves the device at a 

constant high speed. 

end of the web is then threaded around rollers C and D, over 
die-plate E, around rollers F and G, over roller H, and onto cores 
J. Web is built up on the core by a drive through friction discs 
K which are held together under the pressure of light springs 
(not shown). This allows the core to rotate a t  a variable speed 
while taking up the web a t  a constant rate. Spindle L and the 
friction discs are driven by a separate small motor which runs 
constantly to keep the labels taut and thus prevent them from 
being tom by the stripping mechanism. 

The upper member M of the cutting die reciprocates vertically 
on guide posts N, which are secured in the fixed lower die mem- 

ber. Member M is driven by a pair of connecting-rods 0, eccen- 
trics P, and a shaft Q. In addition, shaft Q, by means of a third 
eccentric drive and connected linkages, reciprocates rollers D 
and F in a short arc. 

Connected linkages include driving disc R, connecting-rod S, 
rocker shaft U, lever V, link W, frame X, and two pairs of 
parallel levers Y and 2. Driving disc R has a radial T-slot for 
adjusting the length of stroke of connecting-rod S by reposition- 
ing its pivot pin. Levers Y and Z pivot on shafts AA and BB, 
respectively, but are always parallel. 

Each pair of rollers is driven in opposite directions by means 
of identical gears CC and roller shafts AA and BB. These shafts 
are rotated at the same speed in the same direction by a roller 
chain drive. Pillow blocks mounted on the machine frame sup- 
port the shafts. 

In operation, the web is driven at a continuous speed by the 
rollers, but the rocking action of rollers D and F varies the abso- 
lute motion of the section of paper stock located between these 
rollers and under the die. In order to "stop" the work mo- 
mentarily for the die-cutting operation, the backward motion of 
the rollers must be made approximately equal to the forward 
motion of the web relative to the rollers. This is accomplished 
by varying the rotational speed of the rollers so that they feed 
the proper length of web forward for the cutting die. To  elim- 
inate any strains in the web the stroke of rollers D and F is 
then reset by adjusting the stroke of connecting-rod S. On the 
forward stroke, the absolute speed of the web will be accelerated 
and will average out to the rate at which it is fed over the rollers. 

The eccentrics are timed so that the die cuts the label as the 
web is "stopped" on the die-plate. In the illustration the mech- 
anism is shown in this position. As the labels are made in 
various lengths, the speed of the web over rollers and the stroke 
of rollers D and F must be adjusted for each size. 

Table Feed Mechanism 
Designed to Eliminate Manual Re-Engagement 

On a special grinding machine, the work-table was driven by 
a screw geared to the power source. At the termination of the 
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FIG. 2. Table feed mechanism that eliminates manual re-engpgement 
of the clutch and feed-screw. 

working cycle, a clutch dog was disengaged to permit the oper- 
ator to return the table manually by means of a handwheel on 
the feed-screw. As the table movement was fairly slow, it was 
frequently impossible for the operator to engage the clutch im- 
mediately upon the completion of the loading cycle because the 
mating teeth were not in position for engagement. A period 
of several seconds was lost many times an hour in this way, 
making it advisable to change the feed mechanism to obtain an 
increase in production. 

The design shown in Fig. 2 provided the desired results. A 
drive-shaft A, which rotates in the direction indicated by the 
arrow and has a worm C mounted on it, is supported by two 
bearings B attached to a stationary part of the machine. Worm 
C meshes with a worm-gear D, which rotates freely on its sup- 
porting stud. The worm-gear also meshes with the screw E on 
the opposite side, screw E being supported by member F at- 
tached to the table H. 

During the working cycle, shaft A transmits rotary motion 
to the worm-gear D, in the direction indicated by the arrows, 
through the worn C. This provides linear motion to table H, 
since screw E does not rotate, but acts as a rack. On comple- 
tion of the working cycle, the screw E is rotated by handwheel 
G, in order to move table H in the opposite direction. While 
this is taking place, worm-gear D continues to rotate. 

While being loaded, the table slowly moves toward the work- 
ing position, as i t  is still connected with the drive-shaft through 
the worm-gearing. Should the loading be completed before the 
table H has reached the working position, the handwheel G can 
be turned in a direction opposite to that in which it was turned 
previously to accelerate the table movement. 

As none of the parts are disengaged a t  any time, there is no 
waiting period, resulting in a considerably shortened cycle. 

Fine Feed Arrangement 
for a Surface Grinder 

A patented mechanism by which a fine feed can be given to 
the wheel-head of a vertical spindle surface grinder is shown in 
the accompanying illustration. Coarse adjustment of the wheel- 
head slide A in relation to the column B is effected by rotation 
of a handwheel attached to the upper end of screw C, see Fig. 3. 

When the fine feed is to be applied, screw C is prevented from 
rotating by tightening the internally threaded cup-shaped 
member D on the threaded boss that is integral with the column 
B. This is accomplished by means of the attached lever. The 

FIG. 3. Tightening threaded cup D against ring E holds screw C in a 
fixed position. Fine adjustment is then accomplished through the rota- 

tion of nut G by means of a worm drive on shaft F. 
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action causes ring E, which is keyed to the handwheel, to be 
clamped between the face of the boss and the bottom of the bore 
in cup D. 

Fine vertical adjustment of the slide A is then effected by 
manual rotation of shaft F. A worm attached to this shaft drives 
a worm-wheel integral with nut G which moves along screw C. 

An Intermittent Variablespeed Movement 

The device shown in Fig. 4 is used to feed strands of wire at  
a varying rate of speed through a portion of a machine that 
produces a woven wire product. A complete feed cycle consisting 
of a period of movement and an equal period of rest is accom- 
plished by a ratchet and pawl arranged in combination with a 
pair of levers. The interesting feature of the mechanism is the 
method of providing the variable-speed motion during the feed- 
ing portion of the cycle. 

F I ~ .  4. Device used to convert a reciprocating motion into one that icl 
intermittent and of variable epeed. 

Shafts A and B are both free to rotate in bearings attached to 
the machine. Pawl C is mounted on a lever D which, in turn, 
is pivoted on shaft B. A spring (not shown) holds the pawl 
in engagement with a ratchet wheel E keyed to shaft B. In addi- 
tion, lever D is slotted to receive a slide block F. This block, 
in turn, pivots on a stud secured to the lower end of a lever G 
keyed to shaft A. A gear H, also keyed to shaft A, is constantly 
in mesh with a rack J, which is fitted into a groove in the ma- 
chine table for guiding during its reciprocating motion. 

In operation, rod K extending from rack J is given a uniform 
reciprocating motion by another part of the machine. As seen 
in Fig. 4, the assembly is at  the end of the rest period of the 
cycle and rack J is about to be moved to the right. This action 
causes gear H and lever G to rotate counterclockwise, and lever 
G, through its slide-block and stud, transmits motion to rotate 
lever D in the same direction. Pawl C then engages the ratchet 
wheel E and causes shaft B also to rotate in the same counter- 
clockwise direction as levers D and G. 

The levers are shown dotted a t  three positions in their move- 
ment. Since they rotate on different axes, there is a continual 
change in their relative angular positions. This causes slide- 
block F to move toward the outer end of lever D, thus increas- 
ing the length of the effective lever arm. The movement of 
lever G is uniform throughout the cycle, and therefore, the 
slideblock transmits a continuously decelerating movement to 
shaft B until both levers reach the extreme left, where they are 
in a position of alignment. The rest portion of the cycle is 
accomplished during the return stroke of rod K by action of the 
ratchet and pawl arrangement. 

Piloted Feed Control Mechanism 
Auxiliary tooling for a copying lathe may be carried on an 

automatic overhead slide. A hydraulically operated mechanism 
for the independent control of the vertical feed of the slide is 
shown in Figs. 5 and 6. 

Three basic units comprise the complete feed mechanism: a 
high-pressure hydraulic system to provide the necessary thrust 
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FIG. 5. Mechanism for controlling the feed of a hydraulically operated 
overhead slide used on a copying lathe. 

for rapid approach, working feed, and rapid withdrawal; a lightly 
loaded mechanical unit to insure precise feed control; and an 
electrical system to afford positive control over the entire device. 
Pressure in the hydraulic system is built up by a motor-driven 
pump that is mounted in a support, forming the hydraulic res- 
ervoir, located beneath the lathe headstock. Fluid under pres- 
sure enters the slide through line A, Fig. 5, and returns to the 
reservoir through line B. Fluid flow from these lines to the slide 
is controlled by a double-acting control valve C. 

Differential piston D is attached to moving slide E so that 
tool-holder F and the piston will move in unison. Cylinder 
block G, in which the piston rides, is mounted to the frame of 
the slide unit. 

Pilot lead-screw H, the restrictive component of the feed con- 
trol unit, is driven from the lathe spindle through a separate 
gear-box, providing it with a selection of eleven feeds. Located 
within the slide support, and meshing with the lead-screw, is 
tangential gear J. This gear fits over a roller type clutch-wheel 

K. As the lead-screw rotates gear J in a clockwise direction, 
the rollers in the clutch disengage, providing a free-wheeling con- 
dition. I t  should be noted that the gear and clutch assembly is 
shown outside of the slide unit for clarity. 

Pinion L, mounted on the same shaft as clutch-wheel K, 
meshes with vertical rack M. The rack is situated along the 
same axis as is control valve C. When the rack is pushed down- 
ward, pinion L rotates. As a result, the clutch-wheel rotates in 
the same direction as, but faster than, gear J. This causes the 
clutch rollers to engage, thus restricting the speed of the descend- 
ing rack to the selected speed of lead-screw H as long as pressure 
is maintained on the rack. The lower end of the rack is posi- 
tioned by stop N which is integral with slide E. 

When the unit is inactive, spring O1 forces plate P, which is 
free to slide on headed valve-stem Q, against the cover of sole- 
noid R. This holds the control valve in a raised position so that 
the feed-back orifice is closed as shown a t  X in Fig. 6. In  this 
position the hydraulic fluid under pressure is channeled to both 
the small chamber above the piston and to  the large chamber 
below the piston. Although the pressures in both chambers are 
equal, a larger piston-face area is exposed in the lower chamber 
so that the total force pushing upward is approximately twice 

C- 

G 

X Y z 

m5l 
Pressure Return 

F'IG. 6. Positioning of valve C results in either of three movements- 
rapid approach, rapid withdrawal, or working feed. 
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that pushing downward. Therefore, the piston, together with 
the slide, is maintained in a raised position. 

With the machine in operation, movement of the overhead 
slide is initiated either by rotation of the template carrier or by 
the arrival of the lathe saddle at  a chosen longitudinal position. 
Upon the closing of the switch S1, relay T is closed, and remains 
so even when the switch reopens. This energizes solenoid R 
which attracts plate P to it, compressing spring O1 and releasing 
the valve-stem. 

Under the influence of spring 02, the control valve is now 
forced downward to its lowest position as shown a t  Y, closing 
the connecting passage between the two cylinder chambers and 
opening the return line to the reservoir. Oil delivered by the 
pump is now directed only to the small chamber above the pis- 
ton. The piston is thus forced downward imparting a rapid 
approach to the cutting tool as, at the same time, the oil leaves 
the large chamber below the piston and flows into return line B. 

During ascent of the piston, or rapid withdrawal of the 
cutting tool, the control valve is in the same position as it is 
when the unit is inactive. This is the raised position that may be 
seen by referring back to X, in which the connecting passage 
between the two cylinder chambers is opened, and the feed-back 
orifice is blocked. The pressure in each being equal, the greater 
total force exerted against the large bottom face of the piston 
forces i t  to rise a t  maximum speed. Oil being delivered by the 
pump joins the oil leaving the upper cylinder chamber and flows 
into the lower cylinder chamber. 

The equilibrium position, or the position assumed by the 
control valve while the cutting tool is being fed into the work- 
piece, is illustrated a t  Z. This position is effected when the slide 
descends rapidly until the bottom of the control valve contacta 
the top of rack M. The rack is then forced downward, rotating 
pinion L and causing clutch-wheel K to rotate in the direction 
shown. The rotative speed of the clutch-wheel results in ita 
engagement with gear J. Rapid downward movement of the 
rack is thus checked, it being able to descend only as fast as lead- 
screw H, through gear J, will permit. This speed is selected by 
the lathe operator. 

As the speed of the rack is reduced, the control valve is 
pushed upward allowing the feed-back orifice to close. The 
hydraulic fluid, being now diverted to both sides of the piston, 
forces the slide in the opposite direction. Because spring O2 
constantly tends to push the control valve downward to effect 
a rapid approach, a series of valve movements occur until the 
opposing pressures on the piston are stabilized. 

In this position, oil enters the upper annular position of the 
valve housing and passes immediately to the small chamber. The 
valve is positioned so as to leave a bleed opening in each of the 
two annular spaces. Oil bleeds through the first opening to 
the lower cylinder chamber causing the cutting tool to raise 
slightly. The oil then bleeds through the second opening and 
returns to the reservoir, causing the cutting tool to lower slightly. 
All excess oil supplied by the hydraulic pump by-passes the valve 
and returns to the reservoir. 

At the end of the cutting stroke, microswitch S2 is actuated 
by adjustable stop U. When the circuit is broken a t  this point, 
relay T is opened with the result that solenoid R is de-energized. 
Control valve C is pulled upward by the action of spring 0 1  

against plate P, and a rapid withdrawal is effected. As the slide 
is raised, it causes the rack to travel with it. The unit is held 
in this raised position until again activated. If necessary, the 
solenoid cover can be adjusted to limit valve displacement, there- 
by varying the speed of withdrawal. 

Pi-Ratio Universal 
Rack-Indexing Attachment 

Racks of different pitch can be cut on a milling machine 
equipped with the indexing attachment shown in Fig. 7, with- 
out any change of gears being required. One particular two- 
gear combination and one or more commercially available index- 
plates can be used to accurately index a milling machine table 
for cutting racks in all the commonly employed diametral 
pitches. Although this gear set is for use on machine tables 
having a feed-screw with a %-inch lead, effective gear arrange- 
ments may be set up for other leads. 
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FIG. 7. This attachment for the milling machine facilitates rack-cutting. 
The aame gears can be ueed to produce racks in all commonly used dia- 

metral pitches. 

The linear pitch of a rack is equal to x (3.1416 inches) divided 
by the diametral pitch. Consequently, the number of teeth in 
3.1416 inches of rack will be equal to its diametral pitch. A 
gear set chosen for the indexing attachment must be able to 
move the milling machine table 3.1416 inches with a number of 
turns of the crank-handle that can be readily subdivided by the 
diametral pitch. An ideal gear set is one that can be used with a 
small selection of index-plates to index the table the exact 
amount for a rack of any standard diametral pitch. 

The ideal condition can be obtained on machines having 
%-inch lead feed-screws with a 71- and 113-tooth gear used in 
combination. Ideal arrangements or close approximations may 
be set up for other leads with two- or four-gear combinations. 

Construction of the attachment as eet up for two-gear opera- 
tion is illustrated. Bracket A, which is keyed and bolted to the 
machine table B, supports bushing C, shaft D, crank E, index- 
plate F, sectors G, and gear H. A spring-loaded plunger J for 
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indexing is mounted on the crank. Gear K is keyed to the feed- 
screw L of the milling machine table. 

If the milling machine screw has an 0.250-inch lead, then 4 
times 3.1416, or 12.5664 turns, will be required to move the 
table 3.1416 inches. An easily subdivided number of turns of 
the crank should be used to produce this table movement. 
Twenty revolutions of the crank are required to move the ma- 
chine table 3.1416 inches when the 71- and 113-tooth gears are 
used, and the accompanying table shows how commonly used 
pitches are indexed. This ideal combination will theoretically 
move the machine table 3.141593 inches or 7~ inches to six places 
with 20 turns of the crank, as 20 turns times 71/113 gear ratio 
times %-inch lead of feed-screw equals 3.141593 inches of table 
movement. The 71-tooth gear should be mounted on the crank- 
shaft D and the 113-tooth gear on the feed-screw L. I t  should 
be emphasized that with this arrangement these gears will not 
have to be changed to produce racks in any of the commonly 
used diametral pitches. Furthermore, racks based in design on 
the metric module system may be indexed using only a 127-hole 
circle. 

CHAPTER 15 

Automatic Work Feeding and Transfer Mechanisms 

This chapter deals with the automatic delivery of workpieces 
in the proper position for the operation to be performed on them. 
Other automatic feeding mechanisms are described in Chapter 
16, Volume I; Chapter 14, Volume 11; and Chapter 15, Volume 
I11 of "Ingenious Mechanisms for Designers and Inventors." 

Escapement Mechanism Feeds 
Rods of Various Diameters 

Round bar stock of random diameters can be fed one at a 
time, regardless of the differences in diameter of adjacent bars, 
by a battery of identical escapement mechanisms that operate 
from a common drive-shaft. The design and operation of this 
device are shown in Fig. 1. 

The rods are loaded on a feed-table consisting of parallel steel 
strips A, as can be seen in the plan view a t  V. A table slope of % 
inch per foot tends to make the rods roll. When the escapement 
mechanism is in neutral position, as shown in view W, the rods 
are restrained from rolling by the heel portion of feed-arm B. The 
center of the radius of the curved surface is coincident with that 
of square drive-shaft C on which all of the escapements are 
mounted. 

To initiate the delivery cycle, shaft C rotates in a clockwise 
direction through an arc of 45 degrees, ending up in the posi- 
tion illustrated in view X. This permits the entire stock of rods 
to roll forward until the first rod strikes the long edge of feed- 
arm B. A short dwell period is provided to allow all the bars 
to complete their forward travel. Shaft C then moves in a 
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FIG. 1. Escapement mechanism permits feeding of mund bar stock of 
assorted diameters. Arms B and D function together to allow only one rod 

at a time to be released, regardless of its diameter. 

counterclockwise direction, view Y, until the mechanism has 
returned to ita original position, trapping one or more rods in 
the space between feed-arm B and stoparm D. 

During the next clockwise movement of shaft C, view Z, stop- 
arm D is lowered, permitting the first rod to roll away. At the 
same time, feed-arm B begins to rise, causing the second bar to 
roll backward. This is due to the spacing between the two 
arms which maintains the center of gravity of the second bar to 
the right of the end of arm B. Link E that connects arms B and 
D should be adjustable to facilitate alignment of all the stop- 
arms across the width of the feed-table. 

Escapement Feeds Cylinders 
One at a Time Down Ramp 

In mass-production plants, cylindrical parts are frequently 
rolled downhill in chutes from one machine location to the next. 
An example is the gravity handling of automotive pistons in 

partly finished condition. Because the force is gravity, the back- 
up of parts in a chute is a convenient feed magazine. The auto- 
matic releasing of one work-piece at  a time to feed a machine 
tool is often a problem. 

Figure 2 shows an air-powered escapement device for installa- 
tion in a gravity feed chute for handling cylindrical parts. Its 
operation can easily be connected in the electrical system of a 
machine tool. Compressed air entering cylinder port A swings 
the cage of rollers E and F in direction C. Rollers E and F are 
freewheeling. As the roller cage swings, the work cylinder G will 
roll off to ramp H. At the same time roller F rises to hold 
cylinder J on ramp K. 

FIG. 2. Cylindrical work pa& G from chute K are fed one at a time down 
ramp H by the rocking of roller cage E-F. The air cylinder has a clevis 
faetening below port A permitting it to awivel. Flexible air hoaes lead to 

porta A and B. 
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For the return stroke, compressed air enters port B, exhaust- 
ing air from port A and swinging the roller cage back to its 
original position with cylinder J set to be ejected down the line. 

Semi-Automatic Feeding Device 
for Small Headed Parts 

For a particular application, it was necessary to form a longi- 
tudinal knurl on the shanks of small rivets. One half of the 
knurling die employed was mounted in a fixed position on the 
frame of a threading machine, while the other half was mounted 
on the rotary machine table. It was still necessary to provide a 
device for introducing a single rivet into the die a t  each revolu- 
tion of the table. 

RY W H I N E  TAME 

SECTION 2-2 

Fn. 3. Feeding device synchronizes rivet flow with rotation of the 
machine table. 

Satisfactory operation was obtained with the feeding device 
shown in Fig. 3. The main member of the device is central 
body A. A channel, wide enough to accommodate the rivet 
shanks freely, is milled in the center of the upper surface of the 
member. With the center of the channel serving as one locating 
line, a hole is drilled through the body and counterbored to 
receive transfer wheel B, as shown a t  X in the illustration. 
Around the periphery of the transfer wheel are machined eight 
equally spaced slots of a size suitable for carrying the rivet 
shanks. 

A ratchet wheel C, which may be seen a t  Y, is mounted on 
the underside of the transfer wheel. The remaining parts of 
the advancing mechanism are ratchet D, lever E, roller F, and 
actuating finger G. Two tension springs are included to insure 
proper functioning of the lever system. A spring-loaded pawl 
H restricts rotation of the transfer wheel to a clockwise direc- 
tion. All of these units, with the exception of actuating finger 
G, are mounted on a welded-steel support frame J ,  which is situ- 
ated a t  an incline of approximately 35 to 40 degrees from the 
horizontal. This support frame is bolted directly to the frame of 
the machine. Actuating finger G is screwed to the rotary ma- 
chine table on which the moving member of the knurling die 
is mounted. 

With the machine functioning, the operator loads the upper 
portion of the channel in central body A with the rivets to be 
knurled. The rivets are placed with their shanks down as shown 
in section Z-Z, being supported on the underside of their heads. 
Normally, four of the eight slots in transfer wheel B contain 
rivets. When actuating finger G contacts roller F, lever E pivots 
on pin K. Ratchet D is, in turn, pulled to the right, engaging a 
tooth on ratchet wheel C and rotating the transfer wheel one- 
eighth of a revolution in a clockwise direction. A rivet is thus 
aligned with the lower portion of the channel in the central body 
and, due to the force of gravity, travels downward to the knurl- 
ing die. As the actuating finger passes by the roller, lever E 
and ratchet D are returned to their original position by means 
of the two tension springs. 
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Handling Mechanism Turns Strip in Transfer 
In processing fiberboard strip for a firelighting device, an 

interesting materials-transfer mechanism is used. This mech- 
anism picks up the strip as it leaves the saw table, rotates it 90 
degrees so that a combustible fluid can be injected into one edge, 
then rotates i t  another 90 degrees for ejection. 

In Fig. 4, several strips X can be seen leaving an extension A 
of the saw table. The strip is advanced manually between raised 
guides into the fingerlike end of the long leg of a bellcrank B. 

The bellcrank is keyed to a stud C free to revolve on a rec- 
tangular slide D. Connecting-rod E, pivoting a t  F, reciprocates 
the slide in body casting G. The opposite end of the connecting- 
rod (not shown) is actuated by a conventional eccentric disc. 
The slide is T-shaped in vertical section, so that it can be re- 
tained by keeper plates H. 

The short leg of the bellcrank forms an angle of 102 degrees 
with the long leg. At its end, it carries a roller J projecting over 
the front of the body. The roller operates over the upper edge 
of a guide plate K fastened to the front of the body. 

FIG. 4. When bellcrank B starta its swing, roller d ridm over the lower 
horizontal surface of guide plate K. 
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FIG. 6. A momentary dwell of the eccentric disc permits injection of 
combustible fluid. 

When the slide moves to the right, the bellcrank carries along 
one of the fiber board strips, moving until roller J contacts the 
right-hand wall of slot L in the guide plate. The roller then is 
forced down in the slot, approximately 0.005 inch wider than 
the roller diameter. Meanwhile the bellcrank, swinging on stud 
C, rotates the strip 90 degrees, Fig. 5. A clearance channel M 
accommodates the short leg of the bellcrank. 

Now there is a momentary dwell of the eccentric disc to allow 
the combustible fluid to be injected. Then, continued move- 
ment of the slide in the same direction raises the roller out of 
the slot, first onto an adjacent 40-degree incline N, then onto 
the higher straight edge of the guide plate. Simultaneously, the 
strip is rotated downward 90 degrees more, Fig. 6. After the 
strip is ejected, the slide moves to the left, and the bellcrank 
returns to its initial position. 

Pin 0 (pressed into the slide) offers a positive stop for the 
bellcrank, bearing against the long leg a t  the start of the cycle, 
and against a recess P in the short leg when the bellcrank reaches 
the position shown in Fig. 6. A small, vertical slide Q, Fig. 4, 
prevents the strips remaining on the extension from being pushed 
off once the long leg is loaded and the bellcrank starts its swing. 
This slide is in a lip on the extension bottom, and a spring R 
keeps it raised, once the bellcrank swings away, so that the 
end of the slide slightly intersects the path of the atrips. 
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FIG. 6. Recess P in the short leg contacts pin 0 in rectangular slide D, 
limiting the movement of bellcrank B. 

At the start of the cycle, a projecting surface S of the long leg 
depresses the slide, and the foremost strip is advanced into the 
leg. There, the strip is retained by a leaf spring T. To release 
the strip when it has reached the position shown in Fig 6, a 
forked ejector plate U is actuated by separate mechanical means 
a t  the proper instant. 

Mechanism Simultaneously Transfers and 
Reverses Position of Pad 

In the processing of paper pads stuffed with excelsior or 
shredded paper, they have to be transferred a distance of 36 
inches between work stations. The pads, which are rectangular 
in shape, are picked up by a cam-tripped gripper device (not 
described) along a folded-over bottom edge. During the transfer, 
the pad has to be reversed so that the leading edge becomes the 
trailing edge. The diagram, Fig. 7, shows pad positions during 
the transfer. I t  will be noted that the locus of the pad center 
remains along the line A-A. 

The transfer mechanism combines simplicity and smooth op- 
eration. Drive-shaft B, Fig. 8, in frame C, rotates a t  a constant 
speed of 40 rpm, affecting one transfer per cycle. Lever D, 
keyed to the drive-shaft, contains a t  its other end free pin E. 
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FIG. 7. The transfer mechaniem rwerm the pad as ~ta center movea 

along line A-A. 

1 Fra. 8. The counterclockwise mwement of lever D and the clackwiee 
movement of gear K act to reverse the pad in its transfer along line A-A. 
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The gripper device F is keyed to the top of the pin. The dis- 
tances from the pin center to the center of the pad and the center 
of the drive-shaft are equal. 

For the reversal of the pad during the transfer, three gears 
are provided: gear G, having 192 teeth, is fixed to the frame; gear 
H, an idler, is free on stud J carried by the lever; and gear K, 
having 96 teeth, is keyed to the bottom of pin E. 

During the cycle, lever D rotates counterclockwise a t  the 
drive-shaft speed of 40 rpm. Simultaneously, gear K revolves 
clockwise on its axis. In 180 degrees of movement of the lever, 
gear K has also moved 180 degrees, but in a reverse direction. 
The result: the leading edge of the pad in Position 1, Fig. 7, 
becomes the trailing edge in Position 5. 

Transfer Device for Cylindrical Parts 
Transfer of cylindrical parts from one work station to another 

can be accomplished by the arrangement seen in Fig. 9. In the 
particular application shown, a collet-feeding setup introduces 

.r.m .. 
-- --- - i 

FIG. 9. A mechaniem for transferring cylindrical parts from one work- 
station to another. Drive-bar A is given a variable reciprocating motion 

by a cam. 

the work into the first station in the form of tubing. After the 
tubing is cut to length at  the required angle by a slitting saw, 
the resulting work-piece is picked up by transfer arms which 
rotate 180 degrees and deposit it a t  the second station. A 
cam-operated drive activates the mechanism. 

The transfer mechanism is illustrated a t  the mid-point of its 
cycle. Drive-bar A, which is given a variable reciprocating mo- 
tion by a cam (not shown), transmits this movement to a slide- 
block B that slides on two rods C.  These rods, in turn, are sup- 
ported at the ends by members D.and E. Slide-block B is grooved 
to accommodate a sliding rack F, which has a pin G and a headed 
stud H at one end. Stud H passes through a hole in a projection 
on member D and carries a spring J. This spring exerts pres- 
sure on the rack, thus tending to hold the head of the stud in 
contact with member D. 

Bearings K, the bases of which retain the rack in block B, 
support a shaft L. Keyed to this shaft is a gear M that meshes 
with the rack. In  addition, two transfer arms N, connected by 
a bar, are keyed in alignment on the shaft. Gripping jaws 0, 
located on the end of each arm, are held in the closed position 
by springs P. One of the transfer arms carries a small block Q. 

Member R is grooved to guide and back up the entering tub- 
ing, and a receiving block S, mounted on member E, is grooved 
on the top to accept the severed piece of tubing. Another block 
T, also mounted on member E ,  carries a latch-pin U ,  which is 
held under tension by a spring V. 

In operation, drive-bar A moves to the left from the center 
position, carrying slide-block B. Since gear M is supported on 
block B, and rack F cannot move with it due to the resistance 
of spring J, gear M is caused to rotate counterclockwise in mesh 
with rack F. Thus, movement continues until the bar connecting 
the transfer arms N contacts pin G, as shown in the phantom 
view of the arms at the left. Pin G is so adjusted that arms N 
are then in the horizontal position. At this point in the cycle, 
there can be no relative motion between block B and rack F. 

Continued movement of block B causes spring J to compress 
and the entire assembly to move as a unit farther to the left 
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until the gripper jaws are forced over the tube and it is held 
under the tension of springs P. The driving cam then provides 
a rest period while the saw W cuts the required length from 
the tubing. 

After the saw has completed its operation, bar A is reversed 
and the transfer arms N withdraw the work-piece horizontally 
from guide block R. This movement continues until the head 
of stud H again contacts member D, a t  which time rack F can 
no longer move to the right. But as block B moves farther in the 
same direction gear M rotates clockwise in mesh with rack F 
until the transfer arms have revolved 180 degrees and deposited 
the tube in the groove in block S. After the transfer arms 
reach the horizontal position, latch-pin U engages the upper side 
of block Q. 

The cam then reverses drive-bar A, causing the section of 
tubing to be stripped from between the gripper jaws 0. This 
movement of the transfer arms takes place horizontally because 
they are held in this plant by latch U. When the necessary 
horizontal travel has been completed, block Q has moved so 
that it is no longer under the latch-pin. During this motion, 
spring J is compressed by rack F, and in order to prevent sud- 
den expansion of the spring, the upper edge of block Q can be 
shaped to permit a more gradual return. The transfer arms then 
rotate back to the central position and the cycle is repeated. 
A plunger (not shown) removes the part from block S. 

Magazine Feeds Wrappers at Constant Pressure 
Wrappers or labels are fed from the top of the magazine 

shown in Fig. 10. The edge of the wrapper is elevated by vacuum 
lifter A so that it is in position to be picked up by gripper B 
and pulled clear of the magazine. 

The most interesting feature of this device is that i t  maintains 
a constant pressure between the top of stacked wrappers C and 
the underside of stop-plates D and E. This is accomplished by 
means of a rack F, pinion G, and scroll H. 
The various parts will assume the positions shown when the 

magazine is fully loaded. Weight of the wrappers or labels reat- 
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Fw. 10. Rotating acroll H alters the moment of the force applied a t  pin- 
ion 6, thereby reducing upward pressure on the stack ae the magazine 

empties. 

ing on pressure-plate J is offset by the magnitude of weights K, 
taking into consideration their distance from the rotational axis 
of pinion G. These weights are supported by a strap passing 
around the outer surface of the scroll. 

As the wrappers are removed from the stack and the magazine 
begins to empty, the weight resting on pressure-plate J dirnin- 
ishes. At the same time, the scroll hae been rotating in a 
clockwise direction. Due to the contour of the scroll, the lever 
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arm of the weight becomes progressively shorter and the total 
force applied to the rack and pressure-plate is reduced propor- 
tionally. In this way, the wrappers are fed upward under an 
almost-constant pressure from the first to the last. 

Materials fed by this system can be paper, foil, light card- 
board, or almost any sheet stock. In most cases, only stacked 
weights K need be made lighter or heavier to accommodate the 
different materials. 

Assembly Operation Mechanized 

A rivet is used as an electrical contact on the end of a formed 
sheet-brass spring, Fig. 11, made in volume. Until recently the 
contact rivets were manually assembled into the hole in the 
spring blade and headed under an air hammer. The manual 
operation was slow and tedious for the operators because of the 
0.001-inch clearance of the rivet in the hole. 

More recently the assembly has been made semiautomatic, 
with the operator's duties now restricted to stacking the properly 
oriented spring blades in a magazine slide and occasionally 
dumping a boxful of rivets into a Syntron vibratory hopper 
feeder. The successful assembly mechanism was comparatively 
simple to build. 

The spring blades are automatically placed over the rivet 
shanks by a pick-off transfer from a Ferris wheel drum, Fig. 12. 
The main drive is shaft A, which rotates constantly at  100 rpm 
in a bearing through backing plate C. Keyed to shaft A, but be- 

FIG. 11. Work-piece is a formed brass spring. The rivet hole is on the 
right, and the guide hole in the center. 

FIG. 12. Positioning and assembly drum indexes by ratchet fmm shaft A. 
The riveting anvil is contacted with the pick-off H in Z poeition, ae ahown, 

but is not included in this diagram. 

hind plate C, is a cam which, through a lever and pawl linkage, 
drives a ratchet wheel turning shaft B. The rotation of drum 
D is thus intermittent, and each of its twenty-two stop indexes 
per rotation is aligned with the springs that drop, one a t  a time, 
from magazine F. The springs lie in the carrier grooves with 
the bent tab (Fig. 11) pointing upward. 

As the drum indexes, the work is held in place by a retaining 
strap, or guide, that wraps around the outside of the drum. The 
spring rolls out of the groove, landing horizontal, with the tab 
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FIG. 13. Lift, carry, and mating steps in the operation of the machine are 
automatic, with the pick-off H rising between the prongs of dwell cradle L. 

pointing down, on the two arms of a dwell cradle L that strad- 
dles the drum at this point, Fig. 13. 

The spring, as it rests in the dwell cradle, is now positioned 
for transfer and placement over the shank of the rivet that will 
be waiting on the anvil M, as in Fig. 14. Transfer is accom- 
plished by a pick-off H, Figs. 12 and 13. The pick-off is a block 
that hangs on crankpin G, mounted on the end of shaft A. The 
crankpin rotates once for each index of feed-drum D, carrying 
the pick-off with it. Stabilizer bar I in the bottom of the pick-off 
block holds it upright by virtue of a loose fit through a hole in 
bracket J. 

The top of pick-off block H has a groove the width of the 
spring, and having sloping sides to facilitate seating of the part 

Fro. 14. Mating of spring W with hole finding the rivet R on anvil M. Air 
cylinder T delivers rivet from track of vibratory hopper P. Hammer Q 

upsets rivet shank. 

by gravity. Near the center of the groove is a pointed stud that 
"finds" the guide hole in the spring waiting in the dwell cradle. 

As the crankpin carrying the pick-off travels upward from 
position X, Fig. 12, the spring is lifted from the dwell cradle 
a t  Y, with the stud through the guide hole and resting in the 
groove of the pick-off, Fig. 13. As the crank continues to turn, 
the spring is carried over to riveting position 2, Fig. 12, where 
the pick-off falls away, leaving the spring with the rivet as- 
sembled through the spring's rivet hole and supported by the 
anvil. The opposite end of the spring sits on rest lever K, Fig. 13. 

A rivet, meantime, has been positioned by the arrangement in 
Fig. 13, which also shows the riveting setup. In Fig. 14, rivet R 
from hopper P is pushed by air cylinder T into position on 
anvil M. Air hammer Q upsets a head on the rivet. The ham- 
mer is actuated by a micro switch from a cam on shaft A, Fig. 12. 

As soon as the rivet has been headed, a knockoff finger S on 
shaft A swings past, knocking support K out from under the 
work so that it drops into the discharge chute N, Fig. 12. 

Rotary Work-Transfer Device 

An arrangement for transferring work-pieces from a horizontal 
conveyor to a station for vertical stacking is shown in Fig. 15. 
The part., in this case papier-mache egg trays, are each conveyed 
by one of six pivoting carriers borne on a member rotating a t  
constant speed. An interesting feature of the mechanism is the 
employment of a stationary cam to control the pivoting motion 
of the carriers. This device replaced a high-speed oscillating 
movement. 

In construction, the mechanism consists of a rotatable mem- 
ber A mounted on a shaft B supported in fixed bearings C. The 
six carriers D are supported by and pivoted on shafts E mounted 
in bearings F secured to the periphery of member A. A roller 
follower G, guided by the large stationary plate-cam H, controls 
the movement of each shaft E by a connecting arm J. 

Thus, as member A is rotated a t  constant speed by an a p  
propriate drive, the carriers are each brought by the contour 
of the cam into the proper position for lifting the work-pieces 
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Fro. 15. Work-transfer device featuring atationary cam control of rotat- 
ing carriers. 

K from the conveyor station L and depositing them in a vertical 
position for stacking at station M. To assure smooth operation, 
the drive speed is adjusted to synchronize the carriers with the 
arrival of the work-pieces a t  the conveyor station L, which 
should be a t  a constant interval. 

Semi-Automatic Work Feeder 
Improves Efnciency of Thread Roller 

The manual feeding of work-pieces to reciprocating thread 
rollers has been hazardous both to the operator and the ma- 
chine. Operators have required considerable skill plus precision 

FIG. 16. Thread-rolling machine works on the principle of the automobile 
choke rod. with the dial-feed mechanism moved by the indexing device. 

of hand motion. Careless handling of parts can damage the 
machine. 

Using the attachment (Fig. 16) described and pictured in 
the illustrations, certain types of straight-shank blanks can now 
be fed between thread-rolling dies to make the operator's job 
simply a matter of dropping the work-blanks into holes pro- 
vided in a dial table. The dial then carries the parts around t o  
loading position above the dies. The construction of the thread 
roller made necessary the following design for an indexing drive. 

I I 

Fro. 17. The indexing mechanism for the thread-roller work feed extends 
spring S which actually drivea the dial. 
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Motion for indexing the dial feed (Fig. 17) is from a cam 
A mounted on the crankshaft of the thread roller. The roller 
follower C transmits linear motion to plunger B, which in turn 
is linked to the center wire of cable G. Alignment is provided 
by guides D and H on plate E. Also mounted on plate E is 
lever F, one end of which has a carbide wear strip that is spring- 
loaded against plunger B under tension from coil spring S. The 
casing of cable G is anchored to plate E in guide H. 

From the crankshaft cam the flexible rod makes a 180-degree 
bend t o  the top of the machine, where it actuates the dial feed, 
Fig. 18. Here the cable casing is secured on block I with adjust- 
ing screw and lock J, provided for adjusting the length of the 
casing with relation to the inner wire, and thereby controlling 
the stroke of arm X. 

The dial-feed assembly consists of rotating dial K, which has 
thirty equally spaced holes near its outer diameter. Disc L, 

I 1 
FIG. 18. The dial table feeds blanks to the d i a  at point M. with the other 

twenty-nine holea open for loading by the operator. 
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FIG. 19. Elevation view of the dial feed shows feedtube M in fixed disc 
L beneath the movable dial K. 

Fig. 19, is a stationary support for dial K and has just one hole 
through which feed-tube M leads to the dies at the loading posi- 
tion. 

Both dial K and disc L are mounted on column N, which 
has within it an eccentric bushing 0 for the dial shift. By turn- 
ing the eccentric during setup, the position of the feed tube can 
be varied with relation to the dies to handle a variety of work 
diameters. Stop location of work-carrying dial K is set by an 
annular row of thirty spherical recesses on its underside. There 
is a spring-loaded spherical plunger P on the top side of fixed 
plate L. The positioning of the recesses is so oriented with 
relation to the feed tube M that when the plunger shoots home in 
any recess, one of the thirty work-carrier holes in the bottom 
of moving dial K is always aligned with feed tube M. 

On the periphery of moving dial K, Fig. 18, and opposite 
each work-carrier hole, is a socket-head capscrew, as at  Q, which 
functions as a ratchet tooth for the indexing motion. The arm, 
swinging on shaft 0, cames ratchet pawl R and at its free end 
has a linkage for the clevis and link rod T, which in turn fastens 
to the cable wire G. Linkage rod T is hinged. 

A table stop ia provided by lever V, Fig. 20, which has a slot 
that will accept inner cable wire G. When lever V is raised, 
rod T can reciprocate a full stroke, but when it is down on the 
wire its length holds rod T a t  its full stroke position against 
the spring S (Fig. 17). 
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'he indexing stop lever V swings down over the cable 
hold linkage bar T in extended position. 

wire to 

Indexing table K also has an overshoot control (Fig. 21), 
which is curved lever W, pivoting on the edge of fixed disc L. 
The free end rests on indexing arm X. As the indexing arm 
swings through its arc the contoured bottom of stop lever W 
causes the far end to rise and fall. The top of its upstroke coin- 
cides with the furthest forward motion of the index-arm X and 
the seating of regular stop positioner P. Thus i t  catches on its 
"hook" one of the indexing capscrews Q in a positive mechanical 
lock. 

Straight-Line Motion Through Levers 

In  processing clutch housings on a transfer machine, move- 
ment of the work from station to station is accomplished by 
the finger type mechanism shown in Fig. 22. Features include 
simplicity of design, compactness, and a straight-line movement 
of the work. 

Fn. 21. Table overshoot control lever W hae a hooked end that rises to 
stop bolt head Q when lifted by arm X. 
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FIG. 22. While the work is indexed in a straight line along rails A ,  shaft F, 
attached to transfer levers C ,  falls and then rises in slots G. 

Rails A support the housings. Along each side are a transfer 
bar B, transfer lever C, and link D. Trunnion blocks E a t  the 
top of the levers join them to the bars. T h e  bottoms of the two 
levers are attached to a common shaft F which is contained a t  
each end in a bushing in a slot C of a bracket H fixed to  the 
frame of the device. 

The tops of the two links D are fixed to the frame, by pins J, 
which are on the center line of slots G. A t  their bottoms, the 
links are hinged to the centers of the levers by pins K. Links 
are one-half as long as the levers, with the  distance between 
K and J equal to the distance between K and the center of 
trunnion block E .  

To operate the mechanism, air cylinder L powers connecting- 
rod M, attached to the levers a t  K. (The rod could be attached 
elsewhere along the levers, its position depending on the desired 
ratio of piston stroke to transfer movement.) 
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When the  connecting-rod pulls the levers, pins K move through 
an  arc to  point N, causing shaft F t o  fall and then rise in slots 
G as transfer bars B travel in a straight line to point P. Accurate 
limits to the  indexing stroke are provided by stop-screw Q and 
by threaded clevis R on the end of the connecting-rod. 

Feed System for a 
Deep-Hole Drilling Machine 

A patented feed system that  enables holes to be produced in 
a deep-hole drilling machine in several stages during an auto- 
matic cycle is shown in Fig. 23. At the end of each stage the 
drill head is automatically withdrawn from the work for clear- 
ing of chips. Then, the head is returned to the required drilling 
position under rapid power traverse. 
The feed and rapid traverse motions of the drill head are 

derived, respectively, from motors A and B, which drive a screw 
C through gearing. Upon completion of each drilling stage. the 
feed motor A is reversed, and, simultaneously, the rapid-traverse 
motor B is brought into operation by the action of a torque 
control system which is not  shown. As a result, the drill head is 
moved away from the work under rapid traverse. At the same 
time, an electromagnetic type clutch D is brought into engage- 

FIG. 23. Feed arrangement for deep-hole drilling that intermittently 
clears chips. 

ment. This causes cam E to be driven by means of screw C 
through suitable worm gearing. 

At the end of the rapid-traverse motion of the drill head, the 
feed motor A is stopped and the motor B is reversed, by a means 
not shown. 11. consequence the drill head is rapidly traversed 
towards the work and cam E is driven in the opposite direction. 
When cam E has been returned to its original angular position, 
it operates a switch F, with the result that the rapid-traverse 
motor B is stopped, and clutch D disengaged. At this point 
in the cycle, feed motor A is again started in order to perform 
the next stage of the required drilling operation. 

Because feed motor A is not running during the rapid traverse 
of the drill head toward the work, when motor B is stopped a 
small clearance exists between the end of the drill and the bot- 
tom of the previously drilled portion of the hole in the work- 
piece. As a result, the risk of drill breakage due to a slight over- 
travel of the head during the rapid-traverse motion is reduced. 

Automatic Feed Mechanism 
with Quick-Return Motion 

Short metal tubes of various lengths and diameters are pol- 
ished and buffed on centerless grinding machines. In handling 
this work on the standard type of centerless grinder, the operator 
inserts an unpolished tube with his right hand, and as soon as the 
automatic feed is in action, pushes a handle to actuate the feed- 
belt pusher. After the tube is polished, the operator inserts a 
wooden stick in i t  with his left hand to remove it from the ma- 
chine. In order to provide for automatically feeding the work 
to the machine and ejecting it, thus eliminating the need for 
constant attention by the operator, the regulating wheel was 
replaced by an endless belt and the automatic feed mechanism 
shown in the illustration was developed. With this arrangement, 
the operator merely needs to keep the hopper loaded. 

The hopper A (see Fig. 24), section X-X, is designed for tubes 
W, 1 % and 1 j/4 inches in diameter, which are loaded parallel to 
each other. A hinged bottom B is swung on its pivot by an 
eccentric D, below B, which receives its rotary motion from a 
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FIG. 24. Feed mechanism used with centerless grinder for automatically 
loading and unloading tubes during a polishing operation. 

constantly rotating shaft E. This shaft is supported in bearings 
bl and b2 (see plan view), which are adjustable in the direction 
indicated by line L2-L3 (section X-X), so that the amount of 
movement of hopper bottom B can be regulated. Shaft E is 
driven by pulley Pa. Pulley P3 ,  driven by P2 drives P, which 
drives feed screw F,. 

Referring to the plan view and to the elevation, Al is that 
part of the hopper which is fastened to the machine and has a 
rail R 1 ;  A2 is an adjustable section of the hopper, designed.to 
accommodate any length y of tube W, and has rails R2 and R3 
on which the work rolls into position W,. 

The adjustable wall A2 has an extension N provided with two 
stop-buttons P which limit the return stroke of slide S (section 
Y-Y) as will be described. The slide mechanism, which has a 

AUTOMATIC WORK FEEDING AND TRANSFER 353 

pusher F, also includes a half-nut Q into which two pins R are 
pressed. These pins fit loosely in holes through slide S and are 
fastened to a spring support T. A spring U keeps half-nut Q and 
slide S in contact, or closed, in which position Q is engaged with 
feed-screw F,. The right-hand buttress thread of the feed-screw 
feeds slide S in the direction of arrow Y, on fixed rods V, when 
the half-nut and feed-screw are engaged. When they are dis- 
engaged, as shown in section Y-Y, where slide S and half-nut Q 
are separated, slide S returns to the starting position by means of 
the pull provided by counterweight CW, which is essentially a 
dashpot, since its outer casing is partly filled with oil. 

The disengagement of the half-nut Q and the feed-screw for 
the return stroke is accomplished by means of pin p in feed- 
screw F,, which enters a space Z milled in the half-nut. When 
members Q and Fa are engaged, pin p is at  line CL, shown in dot- 
and-dash lines in section Y-Y, and a clearance of 0.050 inch 
exists between the pin and the front of the half-nut, as shown 
in the enlarged detail, section 2-2. The lead of the feed-screw 
is % inch per revolution; hence, as the feed-screw turns through 
270 degrees, or three-quarters of a revolution, the nut will ad- 
vance 3/4 ( % - 0.05) = 0.212 inch. 

At this point, the pin will have entered the half-nut a distance 
of 0,212 inch, as shown a t  section Z-Z in the front elevation, 
and will have raised it against spring U to separate it from slide 
S and the feed-screw. The distance the half-nut is raised is suf- 
ficient to clear the heads of bolts AA from slide S so that two 
springs BB can pull them along the top of the slide, as will be 
understood by reference to sections Y-Y and 2-2. The two 
parts remain disengaged while the bolt heads rest on top of slide 
S,  instead of being engaged with it, as shown in the enlarged 
detail 2-2. The counterweight CW then pulls the slide (and 
the half-nut) in the return-stroke direction. 

Since the amount of weight CW is adjusted to overcome fric- 
tion plus the compression of springs BB for the length of the 
heads of bolts AA, when the ends of the bolts strike stops P, 
springs BB are compressed and the bolts back up so that their 
heads drop down into engagement again with slide S. Spring U 



AUTOMATIC WORK FEEDING AND TRANSFER AUTOMATIC WORK FEEDING AND TRANSFER 355 

then exerts pressure against slide S, so that the half-nut and 
feed-screw engage again, thereby repeating the reciprocating 
motion. The working area between these elements of the feed 
mechanism is small, but it is sufficient for the light work it is re- 
quired to do. 

This reciprocating movement of any predetermined length y 
is repeated automatically, as long as the feed-screw rotates. Inci- 
dentally, this mechanism also acts as an automatic timer, the 
time duration of the cycles being proportional to the set length y. 

As shown in the plan view, the hopper is set up for a certain 
length y. If a different length of tube is to be polished with 
the same equipment, the adjustable section A2 is reset to the 
new length y and a screw S, (front elevation) is reset to any of 
the tapped holes TI ,  T,, etc. The two holes on each side of S, 
or TI,  etc., are for dowel-pins which are not removed. 

A ratchet wheel, mounted on a pinion, carries three metal rods 
G that pick up polished tubes and carry them to a chute J, from 
which they slide into a receptacle L after passing a cloth apron 
K. A connecting arm L, on slide S engages a rack H during 
the forward stroke, after an idle period provided by open sections 
m. This idle movement is used to obtain a fast return stroke 
while the counterweight CW falls freely before reaching the 
oil cushion. 

xd  On the forward stroke, arm L, moves the rack a distance 

(since the pitch diameter of the pinion is d) to position it for 
turning the ratchet wheel 120 degrees on the return stroke. Dur- 
ing this forward movement, the ratchet wheel and rods or arms 
G are stationary, due to the action of a pawl that pivots on 
the pinion and slides over the teeth of the ratchet wheel. This 
permits the automatic pick-up of a polished tube on one of the 
stationary arms. 

The first part of the return stroke is fast, as previously men- 
tioned, and amounts to the idle motion of the rack plus 55 de- 
grees of the rotation of arms G, when the pawl engages the teeth 
of the ratchet; the remaining 65 degrees is slowed up by the 
cushioning effect of the dashpot. 

A cam c is fastened to a flat spring d, see plan view; the latter, 
in turn, is fastened to slide S. A rocker arm e swivels on a fixed 
pivot f .  It has a roller g a t  one end and pushes the machine 
handle at the other end. When the slide moves in the direction 
of arrow Y, cam c exerts pressure on the handle to apply pres- 
sure to the belt. The amount of pressure is adjustable by means 
of two elongated slob in cam c. 



CHAPTER 16 

Feeding and Ejecting Mechanisms for Power Presses 

The use of a properly designed feeding and ejecting mechanism 
is an important factor in power press operation for maintaining 
a low percentage of spoiled work and a relatively high produc- 
tion rate. The mechanisms described in this chapter were 
designed for a wide variety of press functions. 

Other similar feeding and ejecting mechanisms will be found 
in Chapter 16, Volumes I and I11 and Chapter 15, Volume I1 of 
"Ingenious Mechanisms for Designers and Inventors." 

Mechanism for Rotary Positioning 
of Work-Transfer Ann 

In order to reduce costs in two stamping operations on a sheet- 
metal part, existing dies were mounted in tandem on a mechani- 
cal press. I t  was intended that the operator load the work manu- 
ally in the first die and that the part be transferred automatically 
to the second die. This transferral is accomplished by the mech- 
anism shown in Fig. 1. The parts are ejected from the second 
die by air. 

The feature of the mechanism is a swinging arm A which in- 
corporates a vacuum system. The arm swings through 120 
degrees in transferring a part from the first die to the second. 
In addition, the arm must lower a slight amount on the die to 
pick up the work, rise to a height that will insure clearance of the 
work over the two dies, lower a second time to place the part in 
the second die and again rise to the swinging position. Figure 1 
shows the arm in the neutral position it occupies when the ram 
is at  the bottom of its stroke. 
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FIG. 1. Swiveling vacuum arm designed for automatically t r a m f e r d  
parts from one die to a aecond die. 
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When the transfer arm is lowered on the work in the first die, 
a port is opened to the vacuum system so that  the work is 
picked up by suction. After the arm has lowered the work into 
the second die, the port is closed to shut off the vacuum and 
release the work. Operation of the port is controlled by a sole- 
noid valve that  is actuated through electrical switches. The 
transfer arm is constructed of tubing and is adjustable as to 
length. 

The swinging arm is attached to cylinder B which can swivel 
in its housing. Within the upper portion of the cylinder is a 
floating bushing C which carries two rollers D. These rollers 
engage bayonet-like grooves in shaft E. As shaft E moves up 
with the operation of the ram, rollers D follow the convolutions 
of the grooves and thus cause arm A to index between the two 
dies. 

Raising and lowering of the transfer arm is effected through 
face cam F as it rides over the cam surface X on top of the cylin- 
der housing. Cam F is fastened to cylinder B and turns with it. 
Tension spring H in the press bolster keeps the cam surfaces in 
close contact with each other. 

There is no down movement of the transfer arm A during the 
down stroke of the press because the pressure of the grooves on 
rollers D in shaft E compresses the light spring J. This causes 
disengagement of the teeth in clutch plate K from mating teeth 
on the top surface of bushing C. During this disengagement 
there is no swiveling of cylinder B. 

Vacuum Pickup Extender 
Obviates Lifting Heavy Stacks 

Most vacuum pickups for sheet stock work nicely as long 
as the stock pile is full. However, when the stack of sheets atarts 
to decrease in height, provision must be made to  jack up the 
stock table so that the vacuum cups can continue to  reach the 
top sheet in the stack. 

A simple solution to  the problem is the pickup extension 
device shown in Fig. 2. The shank of the vacuum cup moves 
downward automatically as the pile is used by the press. The 

FIQ. 2. Vacuum lifter grabs sheet on contad, and will handle the whole 
of a big stack. 
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use of these devices allows piles of sheet material over 4 inches 
high to be fed into presses without lifting the stack. 

The lift consists principally of cylinder A, piston B, hollow 
piston-rod C, vacuum cup D, and spring E. The entire assem- 
bly is secured in the proper location on the feeding device by 
cap-screws in the tapped holes shown in the side of cylinder A. 
The vacuum line is connected to one of the pipe-tapped holes 
a t  either end of duet F ;  the other end is plugged. All other 
openings, of course, are plugged. 

The device functions as follows: when a pickup is desired, 
the vacuum valve is automatically opened by a cam, or other 
means. Note that the lower port C is much larger than the 
upper port H. Upper port H is actually a leak from space J to  
the atmosphere via the hollow channel in the shaft, a t  this stage 
of operation. The vacuum formed below the piston B cau.sm the 
piston and rod assembly to move downward. The space J above 
piston B is still a t  approximate atmospheric pmqure because 
there is an air passage through the vacuum cup and the  hollow 
piston-rod to space J. Downward movement continues un ti1 
the vacuum cup D contacts the pile of sheets. Upon contact, air 
passage to space J is closed and a vacuum is set up. Because both 
ends of the cylinder are now in pneumatic balance, the  ~ p r i n g  
E is free to lift the piston assembly upward together with the 
adhering sheet. 

At the proper time, the sheet is dropped by releasing the 
vacuum. The drop may be hastened by the int~.oduction of 
some air pressure into the system. 

Self-Contained Pneumatic Ejection System 
for Punch Press 

A certain shop found it necessary to equip a crank type 
punch press with a pneumatic ejection system. Because of the  
absence of a compressed air supply within the shop, a self-con- 
tained unit, operated by the normal motion of the press, was 
installed, as shown in Fig. 3. 

Power to operate the air pump A is obtained from the  drive 
mechanism of the press. Connecting-rod B is extended a t  its 
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FIG. 3. Ejection system for punch press utilizes air pressure from a self- 
contained unit. 

upper end so that  cross-head pin C, crankpin D, and pin E of 
the  extension arm lie in a straight line. The path of pin E, 
which connects the extension arm to free link F, is a curve which, 
for practical purposes, can be considered as an ellipse. The 
minor axis of this curve is equal in length to the stroke of the 
crank, and the major axis is equal in length to the stroke of 

CE the  crank multiplied by - . 
CD 

T o  achieve maximum efficiency of the ejection system, the 
stream of air should be discharged during the latter portion of 
the  up stroke only. This was accomplished by making the length 
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of free link F, which actually consists of two parallel links, equal 
to the approximate radius of curvature of the lowest part of 
the oval path traversed by pin E. Link G thus remains motion- 
less during the initial part of the press up stroke, but pivots 
rapidly around shaft H during the final part of the same stroke, 
as can be seen from Fig. 3. 

As link G pivots, piston-rod J of the air pump, which is se- 
cured to the press frame, is depressed. In this way, an air blast 
is discharged between the punch and the die. A nozzle K is at- 
tached to the end of a flexible air hose and directs the stream of 
air to any desired point in the work area of the press. 

An Intermittent Feed for Strip Material 

An arrangement for intermittently feeding the required length 
of strip material to a press is shown in Fig. 4. This patented 
mechanism is actuated by a pin A, which is attached to a slotted 
plate fixed to the bottom of the vertically reciprocating member 
of a press, or similar machine. 

Pin A moves in the vertical plane and pivots a bellcrank B. 
This member, in turn, has an open-ended slot which engages 
with a pin projecting from one side of a sliding block C. Block 
C is guided and can only move in the horizontal plane. Thus, 
vertical movements of pin A produce horizontal reciprocation of 

FIG. 4. A device for intermittently feeding lengths of strip stock to a die 
in a press. 

the block. A pivoted holder and blade D are housed within 
block C, the blade being held in contact with the strip material 
E by means of a tension spring secured a t  one end to block C. 

In operation, as pin A travels upward, block C moves to 
the right and, through the gripping action of the blade D, the 
strip material is fed in the same direction. A second spring- 
loaded and pivoted blade-holder F prevents the strip from 
moving back when block C is returned by an associated tension 
spring seen a t  the left in the illustration. An adjustable screw 
G limits the return movement of block C and the extent of the 
forward stroke is determined by the position of pin A in i ts  slot, 
permitting the arrangement to be used for various sized parts. 

Instant-Release Latch Mechanism 

On an automatic machine, a bowl-shaped part must be tipped 
90 degrees from a horizontal resting position over transfer bars 
to a vertical position in a cradle on the same transfer bars. The 
part is first moved off the bars into position over a gate which 
picks up the part and rotates i t  90 degrees into the bars. 

The problem in designing this equipment was t o  provide some 
means of latching the part to the tipping gate during rotation 
and releasing i t  into the transfer cradle a t  the precise moment 
that the part reaches its vertical position. The  tipping gate then 
returns to its starting position. Such a latch mechanism is shown 
in Fig. 5. 

The work-piece A is moved from Position 1 over transfer bars 
to Position 2 above tipping gate B. The tipping gate permits 
work-piece A to  drop a few degrees below the horizontal plane, 
so that the work-piece may pass over button C, which prevents 
the part from sliding down the tipping gate during indexing. The 
tipping gate is rotated by shaft D, which passes through a latch 
operating cam E, that is fixed to a frame member. Shaft D 
also passes through elongated slots in the clevis end of the latch- 
operating link assembly F,  which straddles cam E. The cam 
follower G, located between the clevis legs of link assembly F, 
is allowed to pivot freely on pin H, b u t  cannot pivot farther 
than stop J in a clockwise direction. 
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S I  
FIG. 5. An instant-release mechanism which facilitates a work-indexing 

movement. 

Latch K pivots on pin L which is fixed to the tipping gate. 
The end of the link assembly passes through a clearance hole in 
the tipping gate, is forked to straddle latch K which pivots on 
pin M. The rotating motion of the tipping gate is imparted to 
the link assembly through pin M. As the tipping gate rotates, 
cam follower G backed up by block J rides up on the high lobe 
of cam E. The resulting motion compresses spring N and closes 
latch K. 

Part A is now latched securely to the tipping gate B during the 
dwell portion of cam E. At the precise moment the part reaches 
its vertical position, the cam follower reaches a step in cam 
E, and the  compressed spring N forces open latch K, instantly 
freeing the part from the tipping gate. The part is left resting 
in its transfer cradle (Position 3), as the tipping gate returns to 
its starting position. However, the cam follower G, which had 

hooked itself over the stop in cam E, pivots on pin H, as the 
tipping gate rotates. This allows i t  to pass over the high lobe 
of the cam. As the tipping gate finally comes to  rest a t  its start- 
ing position, the cam follower G is reset by button P. The latch 
mechanism is now ready to start its next cycle. 

High-Speed Punch Press Feed Mechanism 
Unlike the conventional feeding mechanisms provided on 

punch presses that  utilize one-half the crankshaft rotation for 
their operation, the device illustrated in Fig. 6 functions through 
a span of 240 degrees. This feed mechanism enables a strip-fed, 
short-stroke punch press to be converted t o  a high-speed auto- 
matic machine. 

With power feeding mechanisms, the intermittent motion as 
well as the necessity of overcoming the inertia of the coiled stock 

FIG. 6. Cam-controlled differential mechanism combined with Geneva 
movement to provide a high-speed feed for punch preeees. 
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each time a feed movement occurs, limits the maximum speed a t  
which the material may be fed. These speed-retarding factors 
have been eliminated in the device here described. 

The strip stock is threaded between sprocket-driven rollers A, 
leaving loop B, and then over a small idler pulley and through 
the die (see Fig. 6).  From the die, the material passes between 
feed rollers C, leaving a second loop, then through another pair 
of sprocket-driven rollers D, to be finally wound on friction- 
driven reel E. The length of each of the two loops is slightly 
greater than the required feed per stroke. The circumference of 
rollers A and D are equal to the length of feed. The circumfer- 
ence of feed rollers C is three times as large. 

A pair of miter gears transmits the rotary motion of crank- 
shaft F to drive-shaft G. This drive-shaft is positively linked, 
by means of sprocket H and chain J, to the sprockets on rollers 
A and D, and also to shaft K of a differential mechanism. All 
four sprockets are of the same diameter. 

The mechanism was designed so that feeding occurred during 
240 degrees and punching or forming occurred during 120 degrees 
of the cycle. Intermittent rotation of the three-branch Geneva 
wheel L actuates the main feed rollers. Movement of the wheel 
is controlled by arm and roller M, and by locking sector N. One- 
third of a revolution, or a 120-degree movement of the Geneva 
wheel, will feed the stock the required amount. 

The roller on driving arm M enters a slot of the Geneva wheel 
a t  a right angle. Therefore; with the slots spaced a t  120-degree 
intervals, and the roller entering at an angle of 90 degrees, i t  
follows that the driving arm must be situated 30 degrees from 
the vertical center line as shown. From this i t  may be noted that 
a total angular displacementof 60 degrees is all that is necessary 
of the driving arm and the shaft 0, to which it is keyed, in order 
to complete one feeding cycle of the stock. To spread this 60- 
degree motion over 240 degrees of crankshaft rotation, a differ- 
ential gear mechanism, coupled to a cam, is employed. 

Cam P is keyed to the drive-shaft and is designed with a 
simple harmonic rise through 240 degrees, and a return through 
the remaining 120 degrees. As the drive-shaft rotates in the 

direction of the arrow in the illustration, shaft K is driven a t  
the same speed. In  coordination with this movement, the dif- 
ferential housing is rotated in the same direction as shaft K by 
the action of cam P on rod Q. The rod is attached directly to 
the differential housing. By designing the cam to move the 
housing 90 degrees during a 240-degree rotation on shaft K, a 
total of 180 degrees of rotation will be lost to shaft 0. In this 
way, only the 60 degrees necessary to index the Geneva wheel 
will be transmitted through the differential mechanism during 
the 240 degrees of crankshaft rotation used for feeding. 

The opposite effect is produced by the differential during 
the last 120 degrees of cam rotation during which the punch- 
ing or forming operation is being performed. As rod Q rises 
-due to tension spring R forcing the roller to follow the 
cam contour - the housing is moved in the opposite direc- 
tion and shaft 0 is accelerated. This brings driving arm and 
roller M around to  the starting position for the next cycle. 

Sorting and Feeding Shells 
Closed End Fitst 

Hollow-drawn cylindrical shells often present handling diffi- 
culties when they must be fed rapidly and continuously to  an 
automatic machine with the closed end foremost. This is espe- 
cially true when the shells are fed to a sorting mechanism from 
a hopper. 

The hole in the press-drawn shell W extends approximately 
two-thirds the length of the piece. Rapid delivery of this shell 
with its closed end foremost was required to insure economical 
production. The sorting mechanism for this job had to be of 
simple design, mechanically actuated, and relatively free from 
clogging tendencies. 

The shells fall unassorted into a large hopper from a drawing 
press. By simply agitating the hopper, the shells pass down the 
vertical portion of a chute which feeds them into the short 
horizontal section A leading to the sorting and feeding mecha- 
nisms. The hopper and the vertical portion of the chute which 
holds about twelve shells are not illustrated. The sorting or 
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feeding mechanism is interposed in the horizontal portion of the 
chute. 

Chute A (see Fig. 7),  is a cylindrical steel tube with an 
inside diameter of sufficient size to permit an easy flow of parts 
W down its vertical portion and through to the horizontal sec- 
tion. The end of chute A is fitted into a hole drilled through a 
boss in the left-hand wall of the cast-iron sorting body B. 

Body B has flange extensions D with hold-down bolt holes E 
for fastening the sorting mechanism to a bracket extension 
on the press frame. A deep slot F is the sorting chamber of the 

4 
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FIG. 7. Mechanism by meam of which shells that are fed either open end 
or closed end first into a feed chute are all sorted and fed closed end first 

into chute leading to press for succeeding operation. 

device into which the shells must pass. The floor of the slot is 
approximately % 2  inch below the bottom edge of the bore of 
chute A,  as shown in the lower view. Slot F is about 0.050 inch 
wider than the over-all length of the shell W. 

The walls at  each end of slot F serve as positive stops to con- 
trol the sliding movements of the short hardened and ground 
steel slide G which moves easily in the slot. This slide is con- 
siderably shorter than the slot length to allow a movement of 
about 7/8 inch. The depth of slot F and the thickness of slide G 
are equally important, and are made not less than three-quarters 
of the over-all length of the shell. 

The slide thickness should he about 0.005 inch less than the 
depth of the slot to allow a free working fit. The slide is actu- 
ated by a simple rotating barrel cam (not shown); linkage be- 
tween the cam and slide being provided by the short connecting- 
rod J. The shank of rod J is screwed permanently into the end 
of the slide and passes through clearance hole K in body B. 

Each revolution of the barrel cam causes slide G to make for- 
ward and return movements of 7/8 inch. The cam is designed 
to provide a short dwell period for the slide a t  each point of re- 
versal. These reversal points coincide with the positions in which 
the shell is loaded into slot 0 avd ejected from it. The width of 
slot 0 is slightly greater than the outside diameter of the shell, 
and the depth is made not less than seven-tenths of the over-all 
length of the shell, although the diameter may influence the 
depth dimension. 

When slide G is in the retracted position, a shell will pass read- 
ily from chute A into slot 0 so that one end is in contact with 
the right-hand side of the slot F. 'AS slide G moves forward with- 
in slot F, the shell will be carried along, and the plain end of 
the slide will automatically close off the mouth of chute A to 
prevent another shell from passing into slot F. 

In the floor of slot F are two outlet wells P. The sides of these 
wells are inclined, as shown in heavy broken lines below bridge 
Q in section X-X. The minimum width dimensions of each well 
should be made appreciably greater than the outside diameter of 
the shell. An allowance of % inch was found satisfactory. 
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Bridge Q lies between the wells and central with the width of 
the slot F. 

The two tubes R converge, forming a single tube of slightly 
larger diameter which feeds the shells directly to the dial mech- 
anism of the press. The junction point of tubes R is omitted 
from the illustrations. 

Slide G is shown in the loading position and near the extreme 
end of its stroke. In this position, slot 0 will be in alignment with 
the outlet of chute A, and since a considerable number of shell 
components will be carried in the chute, the weight of those in 
the vertical portion will exert enough pressure to push the first 
shell into slot 0. 

The illustration shows the work or shell located with its domed 
end foremost and lightly pressed against the right-hand wall of 
slot F .  As soon as the shell is positioned in slot 0, slide G is 
moved forward by the link-cam drive, for a distance of approxi- 
mately 7/s inch. This movement will also be imparted to the 
shell contained in the slide. The same movement of slide G 
serves to close up the end of the chute A, thus preventing the 
next shell in the bore of the chute from entering slot F. The 
blank side of slide G passing across the mouth of the chute A 
will hold the line of shells in position throughout the remainder 
of the slide movements. 

When G is in its most extreme position the shell will be sup- 
ported only a t  its mid-point by the very narrow bridge Q, and 
since the domed end is much heavier, it cannot remain balanced 
on the bridge Q, and will immediately tilt over in a clockwise 
direction and pass into the right-hand well P. I t  then passes 
down the vertical outlet tube R with its domed end foremost as 
shown by the broken lines in the section X-X. 

A shell advancing to slot F with its open end foremost will 
enter slot 0 and be traversed to the opposite end of the sorting 
chamber in exactly the same manner as a shell entering dome 
end first. But this time the heavy end of the shell will fall in 
the left tube R. 

CHAPTER 17 

Hoppers and Hopper Selector Mechanisms for 

Automatic Machines 

Tool engineers and machine designers are  often faced with 
the problem of designing mechanisms to pick up parts from 
hoppers for delivery to the assembly machines. By "hopper 
feeding" is meant the indiscriminate dumping of a load of parts 
into a hopper of suitable size and shape, from which the parts 
are picked up, in the proper position, and deposited in a track 
for feeding to a machine by gravity. Ordinarily, the pick-up 
member is so shaped that the parts cannot enter the track if 
they are not in the right position, and therefore are dropped 
back into the hopper. Occasionally, the shape of the part and 
the speed requirements of the machine make it necessary to pick 
up parts that are not all in the same position. In that case, prior 
to going into the assembly machine, the parts are required to 
pass through an auxiliary mechanism, or separator, which ar- 
ranges them all in the required position. 

Many types of hoppers have been designed and built with 
varying degrees of success. One type of hopper may work auc- 
cessfully for a part of a certain shape, but may prove entirely 
unsuitable for pieces of a different contour. A great deal of 
thought must be given to the selection of a hopper for any 
particular job. Every new problem is unique in some respect, 
and will necessitate variations in the type of hopper selected. 

Other hoppers and hopper selector mechanisms are described 
in Chapter 17, Volume I11 of "Ingenious Mechanisms for Design- 
ers and Inventors." 

37 1 
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Designing Hopper Feeds 
for Square and Hexagonal Nuts 

Nuts - both square and hexagonal - are employed in such 
large quantities as fastenings that the problem of automatically 
feeding parts of this type to various machines often confronts 
tool engineers and machine designers. Occasionally, the nut 
blank must be transferred to machines that perform secondary 
operations. In other cases, the finished nut must be automati- 
cally delivered to a particular location for assembly to other 
components. 

A number of hopper designs have proved successful for hand- 
ling work of this kind. Among these are the centerboard, the 
paddle wheel, and the rotary hopper types. Choice of the correct 
form of hopper to use will depend upon production requirements 
and, to a certain extent, upon the size of the nuts. 

The centerboard type of hopper is widely employed for small 
and medium size nuts, either square or hexagonal in shape. Be- 
cause of its low cost, large capacity, and excellent operating 
efficiency, this type of hopper should receive first consideration 
when a part delivery problem is met. A centerboard type of 
hopper and separator mechanism for feeding square or hexagonal 
nuts, properly positioned, to an automatic machine is illustrated 
in Fig. 1. 

The hopper consists of a body, usually made in two parta as 
shown in section X-X; and a blade, fastened to an arm, which 
oscillates through the mass of parts that have been previously 
placed in the hopper. Parts that happen to be in the correct 
position drop into a groove machined in the top edge of the 
blade, and are raised by the blade in its upward travel. At its 
uppermost position, this groove is in line with a track, down 
which the nuts slide toward the machine. An actuating rod 
transmits motion to the centerboard blade from a cam or crank, 
not shown in the drawing. The centerboard arm is fastened 
to and pivots about a shaft. 

A lever projecting from the opposite side of this shaft oper- 
ates a knock-out slide. The knock-out slide advances, upon 

mnr,e* x - r  - 
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FIG. 1 .  Centerboard type of hopper and separator mechanism for feeding 
properly positioned nuts to an automatic machine. 

descent of the center-board blade, and clears the mouth of the 
track of any parts obstructing it. An enlarged sectional view 
through the knock-out mechanism is seen in Fig. 2. 

In cases where it is planned to use the hopper for more than 
one size of nut, the centerboard blade should be constructed 
sectionally, as shown in Fig. 3. The two positions in which it 

A r m  
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FIG. 2. Enlarged sectional view through the knock-out mechanism of 
hopper seen in Fig. 1. Oscillation of the knock-out elide cleare the track 

mouth of improperly positioned parts. 
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is possible for the nuts to be raised by the blade are shown a t  A 
and B. A replaceable cap, keyed to the centerboard blade, is 
fastened by means of socket-screws as shown. In this manner, 
the feed mechanism can be changed quickly for a part of another 
size, as shown a t  C. 

One method of constructing the track that delivers the parts 
to a selector mechanism or to the machine is illustrated a t  A 
in Fig. 4. The track is a steel bar in which a slot has been milled 
longitudinally to accommodate the parts. Two rails are fastened 
to the track by screws, as shown in section X-X. This con- 
struction allows the operator of the machine to push the parts 
along with a screwdriver should they jam due to one of the 
parts being slightly over size. 

The end of the track is welded to a fastening plate, which 
is secured to the hopper with screws. At the opposite end of the 
track, a similar plate is fastened to the selector mechanism in the 
same manner. This allows quick removal of the track when 
changing the setup for other sized nuts. 

Frc. 3. Sectional conetruction of the centerboard hopper blade permite 
rapid change-overs for different sizes of nuts. 
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FIG. 4. Details of track construction shown in their position relative to the 
hopper. The track shown at A is machind from bar stock while that at  B 

is formed from sheet metal. 

A less expensive type of track construction is illustrated at 
B. In this case, the track is made of heavy-gage sheet metal, 
formed as shown. Rails, fastened to the track with small screws, 
permit dislodgment of jammed parts through the central gap 
between them. 

A quarter twist may be applied to the track at a position be- 
tween the hopper and the selector mechanism, or between the 
hopper and the machine, when the parts must be delivered in 
a horizontal position. Such a twist in the track is illustrated at 
C. Generally, a considerable amount of hand filing or grinding 
must be done on the walls of the track at this point to  enlarge 
the sides for proper clearance of the parts. 

The construction of one type of selector mechanism employed 
to turn improperly positioned hexagonal nuts upside down is 
illustrated in Fig. 5. The sectional view a t  the right shows the 
relative position in which the mechanism is mounted on the 
machine. 
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FIG. 5. Selector mechanism for inverting improperly positioned hexagonal 
nuts prior to delivering them to an automatic machine. 

The selector mechanism consists of a cast body, which is 
fastened in a stationary position to a bracket on the machine; 
a cap, screwed and doweled to the body, which holds the twisted 
track of the mechanism; and a dial, free to rotate intermittently 
within the body and driven by a ratchet wheel. 

In operation, the nuts enter the dial from the hopper track, 
as seen at the left. As the dial indexes, the nuts are carried to a 
position opposite the mouth of the twisted track. At this point, 
an opening X has been machined in the stationary cap in such 
a manner that a shoulder is formed between the cap and the 
body. 

If the nuts are properly positioned (that is, if the flat side of 
the nut is down), this shoulder prevents them from entering the 
track, and they are carried around by subsequent indexes of 
the dial to point Y. Here they pass through an opening in the 
body, enter another track, and slide down to the machine. 

However, when nuts enter the selector mechanism incorrectly 
positioned (with their curved side down) and reach the point 
opposite the track mouth, they slide over the projecting shoulder 
and enter the twisted track. In sliding through this track, they 
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are turned over and enter the track leading to the machine 
correctly positioned for assembly. 

Owing to the extremely slight projection of the shoulder, all 
parts of the selector mechanism must be made sufficiently strong 
are fitted precisely to eliminate vibration. Improper fitting or 
vibration might allow properly positioned parts to jump over 
the shoulder and slide toward the machine resulting, of course, 
in incorrect assembly. The ratchet that indexes the dial should 
be driven by a crank. If a cam is employed, it should be of the 
harmonic motion type to give gradual acceleration and decelera- 
tion. 

The same basic type of selector mechanism can be used for 
square nuts, as seen in Fig. 6. However, in this case, the selector 
shoulder is formed differently, due to the altered contour of the 
part. I t  will be noted that the shoulder projects upward a t  the 
comers, thereby preventing properly positioned nuts from enter- 

FIG. 6. Selector mechanism for correctly ponitioning square nuts before 
delivering them to the machine. 
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ing the twisted track. Incorrectly delivered nuts, however, slide 
over this shoulder and are inverted by the twisted track prior 
to entering the machine. 

Another type of hopper frequently employed to feed nut 
blanks to automatic machines is the paddle wheel type shown 
in Fig. 7. This consists of a body which is made in two halves 
that are fastened together with screws and dowels. A spacer, 
slightly wider than the nuts, is provided between the body halves 
to allow the nuts to slide freely between the confining portions 
of the body. When parts are dumped indiscriminately into the 
hopper, a few will fall into the track formed in the bottom. The 
rotating paddle wheel pushes the nuts upward, and when they 
reach the top of the hopper, they enter a track and slide down 
to the machine. 

A retaining dog, which pivots loosely on a pin, prevents the 
nuts from sliding back every time one of the blades of the 
paddle wheel clears the track and before the next blade has 
advanced more blanks to push the row upward. While it is not 
absolutely necessary, such a retaining dog adds to the smooth 
operation of the hopper. An offset is provided at the pivoting 
end of the dog, as shown in view Y-Y, to allow the nuts to slide 
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FIG. 7. The paddle wneer type of hopper 18 an effective means of feeding 
square or hexagonal nuts to automatic machinee. 

Fro. 8. Rotary type hoppers coneist eesentially of a rotating body and 
dial, a utationary track, a baffle plate. and a guard. 

up the face of the hopper when the track is full. These parts 
then fall back into the hopper. 

Rotary hoppers, such as the one seen in Fig. 8, can also be 
arranged to feed nuts to automatic machines. The hopper 
shown consists of a rotating body attached to a dial. The dial 
has radial slots milled in it, as shown. A stationary b d e  plate 
prevents the nuts that are being carried upward in the slots from 
falling back into the hopper. As these parts reach a position 
opposite the mouth of the stationary track, they enter the track 
and slide toward the machine. When the track is full, the nuts 
go past the track mouth and drop back into the hopper. 

As in the selector mechanisms described, a shoulder can be 
arranged a t  the track mouth to allow only correctly positioned 
parts to enter, if this feature is desired. In  such cases, of course, 
the track must be given a half twist a t  some point between the 
selector and the machine, so that the nuts will be delivered in 
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the correct position for assembly. The guard shown increases 
the capacity of the hopper. 

While both square and hexagonal nuts lend themselves well 
to hopper feeding, a considerable amount of thought must be 
given t o  each individual problem in order to determine the best 
possible hopper arrangement for each particular case. The 
component parts of the hopper and selector mechanism must 
be strong and rigid, and must be machined with smooth finishes 
and t o  close tolerances. Sudden jarring motions must be 
avoided, especially in the selector mechanism. 

In other words, the hopper feed must be designed and built 
with the  same care that is given to the machine to which it is 
applied. Flimsy, poorly designed mechanisms are the principal 
cause of the difficulties many plants have experienced with hop- 
per feeds. 

Designing Hopper Feeds 
for Bottle Caps - I 

The "double-disc rectifying hopper" shown in Fig. 9 is de- 
signed to feed bottle caps to automatic machines. I t  operates 
on an entirely different principle from the pin type hopper. In 
the double-disc hopper, the two discs E and F are fastened to 
the shaft G and kept in continual rotation in their housings A 
and B, respectively. The two housings are separated by four 
spacers C. A thrust bearing H is provided to  give easy and 
smooth rotation. Each disc is provided with four drivers, each 
driver consisting of a plunger 0, a spring K, and a split washer 
forced on the plunger. This unit of the hopper is supported on 
the column D. 

As the caps fall on the disc E, they are thrown by centrifugal 
force t o  the inner side of the housing where they finally take a 
vertical position. The drivers then push the caps t o  the slot I ,  
through which they are guided to the rectifying chute L. This 
chute is provided with two ribs which direct the caps facing 
one way down the chute M. The caps facing the opposite way 
fall on disc F. Therefore, all the cap falling on disc F are in one 
position; and when the operation of placing these cape in a 

FIG. 9. Double-disc type of hopper for feeding bottle c a p  to cap making 
or bottling machines. Caps falling from disc E into chute L which are 
facing the desired way, fall into chute M. Caps facing the opposite way 
fall on disc F,  and their positions are reversed before they enter chute N. 

vertical plane is repeated (the caps being pushed into chute N), 
they are in the same position as those caps which passed down 
chute M. 

Thus there are  two lines of caps which must be combined to 
form one line for feeding the machine below. This is accom- 
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plished by a pusher mechanism operated through a pair of bevel 
gears P from the main shaft G. The mechanism consists of a 
shaft Q provided with an eccentric plate which operates the 
driving slide T through the connecting bar Z pivoted on stud Y. 
A sliding chamber R is provided for the driving slide and push- 
plate U. These two parts have a flexible connection consisting 
of a pin W forced into plate U, which is free to operate in a slot 
provided in the driving slide, and a light compression spring V. 
This entire mechanism is supported on the bracket which also 
supports the rotating shaft Q. 

The operation of the mechanism needs little explanation. 
When the  chute M is full of caps to  a point above the opening 
from chute N, the caps should not be fed from N to M. This is 
controlled through the compression of spring V by the driving 
slide T due to the resistance encountered in trying to  push caps 
from N to M. As soon as there is an opening in chute M, the 
spring V expands and the full length of the driving slide and 
push-plate becomes effective, pushing caps from N to M. 

This hopper arrangement is provided with a safety slot identi- 
cal to the one provided in the pin type hopper feed previously 
described. This slot is even more neces.sary in the double-disc 
rectifying hopper here described because of the greater possi- 
bility of caps passing into chute M in the wrong position. 

Designing Hopper Feeds 
for Bottle Caps - II 

The bottle-cap feeding mechanism shown in Fig. 10 is known 
as the quarter-turn chute rectifying hopper. The convex disc B 
is kept in rotation at a moderate speed in the housing A. The 
disc is supported by a thrust bearing F. A bronze bushing G 
serves as a bearing for the main shaft E, to which the disc B is 
fastened. 

Four buttons D, pressed into the disc B, serve to  agitate the 
caps until centrifugal force carries them to the inner side of 
the housing, where they take a vertical position in the annular 
slot W. The caps pass from slot W down through the opening Z 
into the  rectifying chute C, where they encounter the two ribs 
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Fra. 10. Bottle-cap feeding mechanism with quarter-turn chute rectifying 
hopper which ie so designed that the delivered capa all face the same 

way. 
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Y. These ribs separate the caps facing in opposite directions 
into two separate lines, which make a quarter-turn so that all 
the caps will face the same way. 

When the caps reach the collecting chambers Q, they are 
checked between the oscillating finger U and the gate fingers J. 
The oscillating finger receives its motion from a cam K attached 
to the main shaft E. A pin L, fastened to the slide M, fits into 
the cam groove. The slide M is connected to the rocker arm P 
by the connector N. The rocker arm and the oscillating finger 
are both attached to the pin R. The two gate fingers J are 
pivotally mounted on pins S and are held together in a closed 
position by the spring T. 

As the finger U moves to one side, it causes the caps and the 
gate finger J to  be pushed outward. The spring T is stretched 
since the opposite gate finger cannot enter into the collecting 
chamber. The movement of the finger U to one side opens up a 
space big enough for the caps to pass down to the chute V. 
Therefore, the discharge of caps is controlled by the finger U 
oscillating back and forth and releasing caps first from one side 
of the collecting chamber and then the other. 

This hopper is considered very efficient. The principle on 
which i t  operates is simple and most important of all, it has 
practically eliminated the scratching and mutilation of the caps. 
The one criticism of this mechanism is directed toward the 
rectifier chamber C, where the caps make a quarter turn. This 
chamber is difficult to make and it must be very carefully de- 
signed in order to provide a smooth flow of caps into chute V a t  
the lower end. 

Designing Hopper Feeds for Bottle Caps - 111 
The "double-escape rectifying hopper" shown in Fig. 11, for 

use in feeding bottle caps to production machines, is much the 
same as  the "quarter-turn chute rectifying hopper" with the 
main exception that the quarter-turn chute has been replaced 
by double-escape slots S in the housing A. 

Each slot S is machined so that i t  will permit bottle caps to  
pass through into the chutes C and D only when they face one 
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FIG. 11. Hopper feed with "double-escape" slots for automatic feeding of 

bottle cape. 

way. The result is that  the caps are divided between chutes C 
and D according t o  the positions in which they drop into the slot 
Z from the rotating disc B in the hopper. By placing these 
escape slots S 180 degrees apart, the necessity of making a twist 
in one of the chutes in order to bring all the caps t o  the collecting 
chamber in one position has been eliminated. 

The operation of the collecting chamber is the same as t h a t  of 
the quarter-turn rectifying hopper. A slight change is shown 
in the operating mechanism. This consists of a pair of bevel 
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gears K which rotate a small eccentric plate on the end of the 
shaft N. The eccentric plate oscillates the rocker arm P which, 
in turn, oscillates the finger U. The rocker arm P and the finger 
U are both fastened to the shaft R. The oscillating finger allows 
bottle caps to drop into chute V alternately from chutes C and D 
without clogging. 

Designing Hopper Feeds 
for Bottle Caps - IV 

A hopper A with the usual plate B for cutting off the cap 
supply, and the hinged clean-out door C held in place by the 

FIG. 12. Cross-don through hopper and driving members of bottle- 
cap feeding mechanism shown in Fig. 13. 

latch D is shown in Fig. 12. A fluted roller E constitutes the 
first means for obtaining cap control in the hopper. The fluted 
roller is driven by the belt F which connects pulleys G. The 
rotation of the roller a t  a steady speed controls the feeding of 
caps into the revolving chamber so that the caps are discharged 
in small numbers. 

The revolving chamber consists of two dish-shaped members 
H and I fastened together and keyed to the hollow shaft J. The 
pin-wheel K is fastened to an independent shaft L passing 
through the hollow shaft J. Each shaft is provided with a pulley 
N, and is so mounted that the two shafts can be rotated inde- 
pendently. This form of construction permits regulation of the 
speed of the revolving chamber relative to the pin-wheel K, and 
also permits changing the direction of rotation of the pin-wheel 
relative to the revolving chamber. 

In one case, it was found that best results were obtained when 
the pin-wheel K was rotated in the opposite direction to the 
revolving chamber and at the same speed as the chamber. It was 
observed that there was then a minimum amount of churning 
and agitation of the caps, and that they were removed rapidly 
from the chamber by the pin-wheel. 

The pin-wheel K is provided with ordinary straight pins P. A 
housing ring 0 and the guide ring Q are provided to form a 
chamber for the caps. The ring Q is fastened to the homing 
ring 0 and serves to guide the caps until they pass out to  the 
open cap-rectifying chute R, Fig. 13. This chute is a very clever 
though simple device. I t  is provided with ribs which, aided by 
the fact that the location of the center of gravity of the cap 
causes it to  fall upward, serve to place all caps in one position on 
the disc S. A cover T prevents the caps from flying out of the 
chute before they reach the point to which they are being di- 
rected. 

After reaching the horizontal disc S, which revolves continu- 
ously in its housing, the caps have about completed their pas- 
sage. Centrifugal force throws the caps to the inner edge of 
the housing. From here they are directed to the chute U, seen 
in Fig. 14, which conducts them to the machine below. 
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FIG. 13. Hopper mechanism for fecding hottlc cap to pmduction ma- 
chinem. 

I t  is apparent that some means must be provided to control 
the flow of caps from the pinwheel K to the disc .S. This is 
taken care of by an electrical arrangement consisting of con- 
tactors V, which are fastened to the disc cover U'. One of these 
contactors is provided with the finger .X which extends through 
a slot in the disc cover so that it can come in contact with the 
caps passing under the cover W. A solenoid Y is shown in Fig. 
13. 

The plunger of the solenoid I' is attached to one end of the 
rocker arm 2. The other end of the rocker a m  is shaped into 
a yoke and provided with two pins which fit into a groove ma- 
chined in the clutch member a, Figs. 12 and 13. This clutch 
member is attached to the shaft b by means of two keys, thus 
permitting a sliding motion for the clutch a under the action 
of the rocker arm 2. The second member of the clutch is part 
of the worn-whel c. 

The entire hopper receives its power from the shaft d through 
a worm not shown in the drawing, and the worm-wheel c. The 
disc S is rotated from a pair of bevel gears, one of which (not 
shown) is in contact with the bevel gear e, through the shaft f 
and the pair of bevel gears g. The bevel gear e is fastened to the 
worm-wheel c, forming a single unit free to rotate on the shaft b. 

Caps from the hopper A, Fig. 12, pass through the fluted 
roller and, entering the revolving chamber, immediately drop to 
chamber h, where they fall between the pins P on the pin-wheel 
K. The pin-wheel carries the caps up between the guide-bar Q 
and the ring 0, and discharges them onto the open cap-rectifying 
chute R, Fig. 13. Here they are all caused to face upward and 

FIG. 14. Plan view of disc S, Fig. 13, &owing fhger X that completes 
electrical circuit, stopping feed when disc S becomes overloaded due to 

clogging of machine. 



390 HOPPERS AND HOPPER SELECTOR MECHANISMS HOPPERS AND HOPPER SELECTOR MECHANISMS 391 

slide down to the disc S, from which they are discharged to the 
chute U. 

Now, if the disc S is crowded to capacity, the feeler of the 
electrical contactor V, Fig. 14, is raised so as to complete the 
circuit and energize the solenoid. If the contactor is allowed to 
make contact for a short period, nothing happens a t  the solenoid 
because of the lag in the time it takes to completely energize 
the solenoid. However, if the period of contact is continued, as 
would be the case if there were a full line of caps passing under 
the feeler X, the solenoid becomes effective. 

Upon being energized, the solenoid plunger is drawn in, caus- 
ing the clutch members to be separated through the rocker arm 
2. This immediately stops the rotation of the pin-wheel K, the 
revolving chamber, and the fluted roller. The disc S remains in 
rotation because it is actuated by the gear e, which is fastened to 
the worm-wheel c and is in continual rotation from the shaft d. 
Churning action in this mechanism was reduced to a great extent 
in the revolving chamber through the use of reverse rotation and 
the elimination of the pin arrangement used in the hopper de- 
scribed in the first article. 

Designing Hopper Feeds for Bottle Caps - V 
Certain cap manufacturers produce a type of bottle cap about 

twice the size of the ordinary cap used for beer bottles. The 
machines producing these large caps are relatively slow-speed 
machines and do not require as elaborate designs of hopper feed- 
ing arrangements as for small caps. I t  was therefore found ad- 
vantageous to use the type of hopper illustrated in Figs. 15 and 
16. This is a simplified form of hopper, the main feature being 
the rectifying chute, which is quite simple in itself. The rib A, 
Fig. 15, divides the caps so that they are all discharged with 
their open face up on the horizontal rotating disc B. 

The charge of caps is thrown on the horizontal disc C, and 
centrifugal force places the caps in a single line between the bar 
D, Fig. 16, and the inner edge of the housing E. From this disc 
the caps pass down the rectifying chute F to the second hori- 
zontal disc B, where centrifugal force again is used to form 

FIG. 15. Type of hopper feed used for large-size bottle caps. 

a single line of caps. From disc B, the caps pass to disc G, from 
which they are fed into the feeding mechanism. 

I t  is obvious that this hopper is very much simplified both in 
design and construction. Nevertheless, it has maintained excel- 
lent performance. However, it is restricted to a slow-speed feed- 
ing and has no means for controlling the flow of caps other than 
that obtained by limiting the number of caps thrown on the 
first disc from the bin overhead. 

Designing Hopper Feeds for Bottle Caps - VI 

Bottle cap manufacturing machines and bottling equipment 
are among the most essential elements of the brewing industry. 
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Remarkable progress has been made in t h e  development of 
these elements along lines intended to increase production and 
achieve automatic operation. The hopper feed requirements of 
the bottle cap manufacturing machines and the bottling ma- 
chines are very much alike and present designing problems 
requiring much the same treatment. 

The word "hopper" suggests simply a deep receptacle or 
container for holding a supply of caps for the  machine. How- 
ever, there are many details connected with these hoppers that  
make them more than a simple receptacle. T h e  most important 
of these details is the mechanism for arranging the caps so that  
they will all be face up or all face down, depending upon the 
kind of machine under consideration. I n  the  bottle cap manu- 
facturing machine, the caps are generally delivered face up, while 
in the bottling machine, they are usually required to be face 
down. 

The ordinary bottle cap is usually made of sheet tin of a rela- 
tively thin gage and can be distorted under light pressure. I t  
is provided with a cork disc, retained in place by an adhesive 
such as gutta-percha or albumen. An appropriate design is 
usually lithographed on the top of the cap. Therefore, any 
device that handles the caps must be so designed that  i t  will 
not disturb or mutilate the lithographed design. 

The general construction of a so-called "pin rectifying hopper" 
for delivering the caps to a machine in an orderly manner, all 
with the same side up, is shown in the accompanying illustration. 
The chute B, see Fig. 17, shown by the dot-and-dash lines, 
supplies caps to the main hopper A. The plate M serves as a 
means of checking the flow of caps, in case too large a quantity 
is placed in the chute. A clean-out door N is provided, which 
is held in place by clip P and latch R. The rotating member con- 
sists of the dish-shaped plate C and the ring D, which are held 
together as a single unit by the pins E. The ends of these 
pins are riveted over, as shown in the enlarged section Y-Y. 
The rotating member is fastened to the shaft F, supported in 
bearings H, and is kept in continual rotation by a belt drive 
to  the pulley L. I t  is desirable t o  have a minimum amount of 
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FIG. 17. Hopper feed designed to deliver bottle caps to machine, all with 
the same side up. 

clearance between the ring D and the hopper A. A large number 
of holes G are provided in the plate C and slots are cut in the 
cover of chute S for the purpose of observing the movement of 
the caps. The entire hopper is supported by column T. 

When the caps fall into hopper A, they are kept in a state of 
continual motion by the pins E. From section Y-Y it will be 
seen that  the caps can pass between the pins E only when they 
are in one position. I t  is, therefore, the purpose of the rotating 
member to  keep the caps in motion until they are so positioned 
that they will pass between the pins to the chamber J. From 
this chamber the caps fall into the slot K and thence down the 
chute S, which feeds them into the machine in an orderly man- 
ner. 

As a precaution, chute S is provided with a safety slot which 
prevents any cap that may fall in the  wrong position from 
passing to the machine below. The safety slot is shown in see- 
tion X-X. It consists of two ribs &, which hold the  cap in the 
chute if it is in the  proper position, or permit it t o  drop out of 
the chute through the opening U if the position is reversed. This 
safety device becomes effective when a cap is crushed, so that  it 
passes between the pins E to chute S. 

The main advantage of this arrangement is its simplicity. Its 
few operating parts and low construction cost make i t  very de- 
sirable from the manufacturing point of view. On the other 
hand, the rotating member causes the caps to  turn around in 
the hopper and often results in scratching the lithographing. 
This condition is aggravated by excessive pressure when there is 
no automatic action available for regulating the  quantity of caps 
admitted to the hopper. Therefore, the  main disadvantage is 
in the churning action, coupled with excessive pressure, which 
results in serious abrasion and scratching. 

"Jamproof" Feeding Mechanism 
Figures 18 and 19 present an interesting materials handling 

system for advancing small parts onto a feed track. The sys- 
tem possesses merit because of the manner in which the feed rate 
is controlled to prevent any parts from jamming on the track. In 
this instance, small round-head screw blanks are being fed into a 
threading machine. 

A shallow pan A, Fig. 18, holds a batch of screws. The pan 
rotates at about 40 rpm around an inclined axis. As the pan 
rotates, the screws are directed onto a fork B, where some of the 
screws will align themselves and hang by their heads. At  its 
other end, the fork is hinged to the feed track C, the slot of 
which forms a continuation with that of the  fork. 

The fork is intermittently raised to  the position shown by 
the broken lines, where the screws on the fork can slide onto 
the feed track. This movement of the fork originates from a cam 
(not shown) rotating on the bottom of a vertical stem D joined 
to the fork by a link E. As the cam slowly rotates, it intermit- 
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FIG. 18. When the track is not congeeted, the fork can drop into the pan 
to pick up screws. 

FYG. 19. When the track is  congeeted, the feeling Gnger preventa the fork 
from dropping into the pan. 

tently raises the stem, then lets the stem fall down. In this 
manner, the fork is also intermittently raised or lowered. 

When the pan is full, each time the fork is raised it may deliver 
more screws than can be accommodated on the feed track. Con- 
sequently, there may be a serious jam on the track, if i t  were 
not for a feeling finger F which is incorporated in the mech- 
anism. This finger is fixed to the stem, and moves up and down 
with it. 

If the line of screws in the track extends back onto the fork, 
as in Fig. 19, then the down stroke of the stem is arrested when 
the finger strikes the heads of the screws. Since the stem and 
fork are linked together, the fork does not swing completely 
down into the pan until the congestion on the track has ended. 
Then, as in Fig. 18, the finger can enter the track during the 
reciprocation of the stem, and the fork can drop into the pan 
in order to pick up more screws. 

Disc-Stacking Device 

The power-operated device shown in Fig. 20 is used for stack- 
ing discs like the one shown a t  A. The same arrangement can 
also be employed for other forms of discs or shallow shells. I t  
is entirely automatic in operation, except for the removal of 
the complete stack of discs. The particular device shown has 
been in use for several years and has never given trouble or 
required repairs of any kind. 

Discs A are stacked in piles of varying numbers after being 
punched out of sheet metal on an inclined press. The stacking 
device consists essentially of two feeding or work-traversing 
screws E and F with a special form of square thread. This thread 
is cut very thin to provide a large space between adjacent 
threads. The screws are identical in size and shape, with the 
exception that one has a left-hand thread and the other a 
right-hand thread. 

The screw E fastened to the shaft J, is driven by the main 
shaft L through a pair of spiral gears K. Two spur gears H 
transmit power to the screw F, which rotates on stud G. The 
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FIG. 20. Device for stacking discs such as shown at A .  

entire mechanism is carried by a bracket T fastened to the press. 
Thrust bearings M are provided for the spiral gears. 

A conveying arrangement consisting of a belt C and a pulley 
P delivers the disc to the chute D. The bracket 0 supports this 
conveying equipment. A guide strip N is located a t  the side of 
the belt. The vertical chute D, which directs the discs from the 
belt to the screws E and F, is fastened to bracket 0. 

The operation of the device is very simple. The press, being 
inclined, discharges the discs on the conveyor belt C, which, in 
turn, carries them to the vertical chute D, through which they 
drop to a position between the threads of the revolving screws 
E and F. The screws advance the discs until they are discharged 
into the trough Q, which is supported by a bar R fastened to the 

bracket T. As the discs are deposited in the trough in an orderly 
fashion, the slug S is gradually pushed back. The trough is 
graduated so that the attendant can see when the desired num- 
ber of discs has accumulated. They can then be removed and 
the slug S pushed back to its original position. 

As the stacking device receives its supply from a conveying 
belt, it can be located a t  any required point. The best results are 
obtained when the screws E and F revolve one revolution for 
each disc produced. At this rate, a smooth and orderly stack 
is obtained. 

Crank Principle Controls Shuttle 
Between Supply and Discharge Chutes 

Figure 21 shows a device for directing small objects - ball 
screws, rivets and the like - from one chute to two chutes. 
Initially, nest E in slide D is located beneath chute A allowing an 
object to fall into it. The nest is then caused to move to  one 
of the chutes B or C by crank or cam. After the object has fallen 
into the chute, the nest moves back to chute A, picks up another 
object, then moves to the opposite chute and drops the second 
object. 

FIG. 21. Transfer of parta from one vertical plane to another is made 
possible by utilizing the principle of the crank. 
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Mechanism for Orienting Pins 
in Assembly Machine 

Prior to pressing pins into side plates of a cotter-pin roller 
chain it is necessary to position them so that all pins going 
through a tube A leading to the assembly machine will have the 
cotter-pin hole at the bottom end. These pins are of the type 
shown at X in Fig. 22. They are 5/2 inch in diameter by 294 
inches long. 

In the mechanism shown a tube extending from a rotating 
hopper carries pins fed by gravity. However, the pins are not 
oriented as to position of the cotter-pin hole. As drum B rotates, 
gravity forces each pin into a slot on the drum. Each pin is sub- 
sequently dropped on rollers C and D, which turn as indicated 
by the arrows. 

The distance between adjacent high points of the rollers is 
0.015 to 0.020 inch less than the diameter of the pins. As the 
rollers revolve the pin also rotates. When the center line of the 
cotter hole in the pin is horizontal, the hole end of the pin falls 
through and the opposite end slides off, as indicated by the 
dotted lines a t  Y. Thus all pins leave the mechanism with the 
cotter hole at  the bottom end. 

FIG. 22. Mechanism for feeding roller pine to assembly machine with 
drilled end downward. 

CHAPTER 18 

Varying Continuously Rotating Output 

Some machines require mechanisms that convert uniform 
rotary motion into variable rotary motion. The mechanisms in 
this chapter cover this and provide for varying continuously 
rotating outputs. 

Two-Gear Drive Produces 
Variable Output Motions 

Machines often need a drive in which the input shaft turns 
with uniform angular velocity and the output shaft rotates a t  
a different velocity. Examples are an alternately increasing and 
slowing of rotation, with stopping; the same type of motion but 
with the shaft coming to a prolonged dwell; and a varying rota- 
tion, interrupted by a reverse oscillation. The two-gear drive 
shown can produce any of these motions, depending on the 
motion of a pin that can be readily changed to give the desired 
output. 

Essentially, the mechanism consists of a four-bar linkage 
A A B B , ,  as shown in Fig. 1. Points A, and B, are pivot points 
on a stationary frame. The input crank rotates around point Ao 
and carries pivot point A, which is the center of an internal gear. 
Attached to the internal gear is a pin at  point B. A rocker arm 
- and a pin in the frame a t  point Bo - pivot on this pin. 

The internal gear meshes with an external gear attached to the 
output shaft. 

Center A of the internal gear rotates around A,, which is the 
same axis on which the external gear rotates. Consequently, the 
two gears are always in mesh. 

401 
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INTCIINAL @CAR 

EXTERNAL W A R  

FIG. 1. Crank translatee internal gear, cawing external gear, with which 
it rneshea, to rotate. 

As the crank rotates, the center of the internal gear rotates 
around point A,. The pin attached to the internal gear moves 
in a circular arc around point B,. The combined motion of 
points A and B causes the internal gear t o  rotate and oscillate 
around the external gear. 

Location of the pivot on the internal gear relative to its pitch 
circle is important. If the pin is outside the pitch circle, the out- 
put motion of the external gear is a rotation interrupted by an 
oscillation. If the pin is on the pitch circle, an instantaneous 
dwell results. If it is inside the pitch circle, the output motion 
will still be a rotation but it will alternately speed up and slow 
down. 

Theoretically, dwell is instant. Practically, dwell can be con- 
sidered prolonged. Two units in series will give an output mo- 
tion with a larger dwell than one unit. Two units can also give 
an output with two dwells. 

Cam and Link System 
Produces Varying Rotation Rate 

Figure 2 shows two views of a mechanism which converts 
uniform rotary motion into variable rotary motion, maintaining 

F'XG. 2. The result of this link and cam system causes driven shaft F to 
slow down and then pick up speed with relation to drive-ehaft A.  
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required relationships between the positions of the drive-shaft 
and the driven shaft. This mechanism was designed for use on a 
machine on which i t  is necessary: (1) for the mechanism carried 
on the driven shaft to have its angular position changed relative 
to the mechanism carried on the driving shaft; (2 )  to maintain 
the changed position for a required portion of the cycle; and 
then (3)  to gradually return the driven shaft to its original rela- 
tive position. 

The driving shaft A, rotating uniformly in the direction indi- 
cated by the arrow (clockwise), carries the lever B keyed to it. 
Lever B carries the link C, which is connected to link D. Link D 
is connected to lever E, which is keyed to the driven shaft F. 
Link D carries, at its lower end, the follower roller G, which is 
in contact with the internal cam H, attached to a stationary part 
of the machine with its center coinciding with the centers of 
shafts A and F. 

Referring to the diagram a t  the right, the linkage drawn with 
solid lines indicates the positions of the elements when the rota- 
tion and relative angular positions of shafts A and F coincide. 
At this point, roller G has arrived a t  the point terminating the 
concentric surface of the smaller diameter on the inside of cam 
H. Continued rotation of shaft A causes roller G to ride down 
the circularly inclined surface of cam H to the larger-diameter 
concentric surface, a t  which point the links occupy the positions 
shown by the broken outlines. In  so doing, some of the rotary 
movement applied by lever B to lever E is lost because of the 
change in the relative positions of links C and D. Thus, lever B, 
in rotating the angular distance X, has transmitted motion to 
lever E to a lesser extent, as indicated by the angle Y. 

Shaft F, now in a changed position relative to shaft A, remains 
in this position until the rotation of shaft A brings roller G to the 
end of the concentric cam surface of the larger diameter of cam 
H, which in this case is on the horizontal center line. From this 
point on, there is a gradual change in the relative positions of 
shafts A and F due to roller G riding up the inclined cam sur- 
face to the larger-radius concentric surface. This change in shaft 
positions is in the opposite direction to that previously produced, 

so that when roller G reaches the vertical center line, shafts A 
and F are again in their original relative positions, remaining so 
for a half-cycle when the levers and links will again be in the 
position shown by the solid outlines. 

Adjustable Drive Produces 
Continually Variable Rotation 

A chain-operated drive which converts uniform rotation into 
variable rotation and can be adjusted while in operation is shown 
in Fig. 3. The purpose of the drive is to increase the rotative 
speed of the driven shaft for a portion of each revolution so 
that the dwell of a cam may be changed. 

Driven shaft A is keyed to a gear B and  passes through the 
bore of a disc C. The hub of member C is  free to rotate in a 
pillow block D. A collar E retains disc C in the pillow block, and 
a second collar F holds shaft A in disc C. Mounted on the same 
disc is a sprocket G that is rotated uniformly by a drive chain. 
In addition, disc C has a groove that carries a plate H,  which is 
free to slide in this groove. 

Gear B rotates in a rectangular section removed from plate H. 
One side of this cutout in plate H has rack teeth which mesh 
with gear B, while the opposite side of the  cutout is machined 
to clear the gear. Plate H also carries a roller follower J a t  one 
end. A block K is mounted on the bed of the machine and is 
grooved to  accommodate a bar L. This bar is free to  slide in 
block K but is retained in the groove by two blocks M. 

A stud N is secured to bar L, and is drilled and tapped to  re- 
ceive a screw 0 which, in turn, is supported by blocks M. Bar L 
also carries a ring P and a disc Q mounted concentric with the 
ring. These members are so spaced that the roller follower J 
can move freely around the circular path between them. In the 
position shown, bar L with ring P and disc Q has been moved 
horizontally to the right by means of screw 0, placing the center 
of disc Q a distance X from the center of shaft A. 

If disc Q and ring P are moved to the left so that  their com- 
mon center coincides with the center of shaft A,  the rotation 
of sprocket G is transmitted through disc C and plate H, causing 
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roller follower J to travel in a circular path concentric with the 
center of shaft A. The rack teeth on the inside of plate H 
that mesh with gear B simply act as a key to transfer the rota- 
tion to gear B. Thus, the rotation of gear B and shaft A are 
then synchronized with that of sprocket G. 

When plate L is moved horizontally to the right toward the 
position shown in the illustration, roller J no longer travels in a 
path concentric with the center of shaft A. Instead, the roller 
alternately approaches and recedes from the center of shaft A, 
thus imparting a reciprocating motion to plate H and its rack. 
The magnitude of this reciprocation is controlled by the adjust- 
ment of screw 0. Reciprocation of the rack produces a gradual 
and alternating increase and decrease in the rotational speed 
of driven gear B relative to that of the driving member. In this 
manner a continually varying rotational motion is imparted to 
shaft A by the uniformly rotating sprocket. 

This mechanism is not limited to producing a uniformly vari- 
able rotation of the driven shaft. By changing the shape of disc 
Q and ring P, a variety of movements may be obtained in the 
same manner as from any cam. 

Coupling Connects Displaced Shafts 

Rotary motion can be transmitted between shafts with a con- 
siderable degree of displacement, using the coupling shown in 
Fig. 4. 

This coupling can be used for high-speed and high-torque ap- 
plications. Inherently, it is dynamically balanced. Angular 
velocities of the driving shaft are identically reproduced in the 
driven shaft and no phase shift is produced when shaft displace- 
ment is changed. 

The drive-shaft is keyed to a disc. Three eccentric, equally 
spaced pins extend from the face of the disc. The driven shaft 
has an identical disc and pin arrangement, but is parrallelly dis- 
placed from the drive-shaft. A connecting or intermediate disc 
has three cylindrical pins that extend from each side face and 
have the same spacing as pins in the other two discs. 

Two sets of three links act as connecting members between the 
discs. These links are of the same length and are less the diam- 
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SECTION Y- Y 
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F I ~ .  4. Conatant rotation ia transmitted through coupling connecting 
displaced shafts. 

eter of bolt circle formed by the pins. Each has two equally 
spaced bearings that engage the corresponding pins in adjacent 
disc faces. 

Maximum radial displacement of the shafts is determined by 
the distances between bearings in the links, multiplied by the 
number of link sets. Since two sets of three links each are used, 
the maximum possible radial shaft displacement is 2d. If the 
shafts are in the fixed position shown in section Y-Y and the 
shaft displacement is greater than zero and less than 2d, the 
intermediate disc is suspended from the links between the other 
discs. 

The pivot points of the two sets of links form three triangles 
which are geometrically determined by the length of the links 
and the fixed parallel displacement of the shafts. 

Since the intermediate disc is suspended by three pins 
located at geometrically determined points, the center of the 
intermediate disc is also geometrically determined and can- 
not be moved unless the parallel shaft displacement becomes 
zero and the centerlines of the pins in the outer disks fall to- 
gether. In this case the intermediate disc is free to swing about 
the centers of these pins. For practical applications, the zero- 
displacement position should be avoided. 

When varying the displacement of the shafts, the intermediate 
disc automatically adjusts its position in compensation. The 
shafts can be displaced under loads. 

Cam-Controlled Differential Mechanism 
In a punched-card machine it was necessary to include a 

mechanism that would convert a uniform rotary input motion 
into a varying rotary motion. The mechanism shown in Fig. 5 
proved very successful in comparison with other mechanisms 
designed to perform the same job. 

In the preferred mechanism, the two shafts are geared together 
in the ratio of 1 to 1 by an arrangement that is not shown. On 
shaft A is fastened a cam C and itsl complementary cam D. These 
two cams drive arm T through the rollers R and S. Arm T 
carries gear E, which is driven by gear I .  The arm also carries 
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FIG. 5. Derivation of varying rotary motion from uniform rotary motion. 

gear F, which is in mesh with gear E, and gear G, which is keyed 
to  the same shaft as gear F. 

As gear I rotates, i t  transmits motion through the gear train 
E, F, G, and H with a constant angular velocity. However, be- 
cause of the oscillating motion of arm T, gear E will roll on 
gear I .  The result is that  gear H will move with a nonuniform 
velocity according to the shape of the curves on cams C and D. 

Cams C and D impart a constrained movement to arm T. If 
only one cam were employed, springs would be necessary to hold 
the follower on arm T in contact with the cam. 

Timing of Cam Changed 
While Machine Is in Motion 

It was required that  the timing of cam A (see Fig. 6), be 
changed while in motion. Drive-shaft B rotated the keyed gear 
F. Gear F rotated pinion G, supported by the normally station- 
ary gear C. Pinion G, in turn, rotated gear L, through pinion 
J, in the opposite direction to shaft B. The timing of cam A is 

adjusted by rotating pinion D, resulting in gear C rotating, say 
X degrees. The attached pinions will rotate X degrees and the 
cam A which is attached to gear L, will rotate 2X degrees as 
gear L has the same pitch diameter as F and  the pinions are of 
equal pitch diameter. 

Unidirectional Rotation 
Regardless of Changes in Drive Direction 

Occasionally i t  is necessary to  drive a shaft in only one di- 
rection even though the driving member may alter its own direc- 
tion of rotation. In designing the drive mechanism for a re- 
corder drum, such a situation arose. The drum was required to 
maintain a single direction of rotation regardless of the fact that  
its driving member fluctuated between a clockwise and a coun- 
terclockwise rotation. 

A clutch and bevel gear arrangement, Fig. 7, consists of three 
bevel gears; gear A being the driven member, and gears B and C 
being the driving members. Both driving gears are mounted on 
roller clutches D which are, in turn, mounted on a common 
drive-shaft E. The  clutches provide positive drive when rotated 

- 

Frc. 6. The gear train from F to L permits the timing of cam A ta be 
changed while it is rotating. 
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FIG. 7. Two bevel gears mounted on roller clutches D provide unidirec- 
tional rotation for driven gear A regardless of rotational direction of drive- 

shaft E. 

in one direction, and overrun, or "free-wheeling," with reverse 
rotation. Each of the two clutches in this set-up is mounted 
in opposite directions from one another; hence bevel gears B and 
C cannot drive in the same direction. 

F?G. 8. Spur gear aet-up designed to accomplish the eame purpose- as 
bevel gearing shown in Fig. 7. 

When the drive-shaft rotates in the direction indicated by 
Arrow 1 (at  the right-hand end of drive-shaft), the clutch in 
gear B engages while the clutch in gear C slips, thus driving 
gear A as indicated. Upon reversal of the direction of drive-shaft 
rotation to that indicated by Arrow 2, the operation of the 
clutches is also reversed. In this way, the direction of gear A 
is unchanged. 

A set-up employing spur gears to obtain the same end re- 
sult may be seen in Fig. 8. Here again, two roller clutches F and 
G are mounted on common drive-shaft H. In line with this is 
driven shaft J ,  on the end of which is an integral external spur 
gear K. Gear K is counterbored to fit over the outside diam- 
eter of clutch G. 

As the drive-shaft rotates in the direction indicated by the 
arrow, clutch F slips while clutch G engages, thus forcing the 
driven shaft to rotate as shown. When drive-shaft rotation is 
reversed, clutch F,  which is mounted within the bore of a spur 
gear, engages as clutch G slips. Motion is transferred through 
idler gear L to intermediate gears M, and finally to driven gear 
K, thereby causing the direction of rotation of drive-shaft J 
to remain the same. 

Timing of Driven Shaft 
Changed While Running 

A power train through sun gears which rotate within a sta- 
tionary, but adjustable ring gear permits the timing of a driven 
shaft to be changed while it is running. The arrangement is used 
in positioning revenue stamps correctly in a tobacco-packaging 
machine. 

Ordinarily, driven shaft A (see Fig. 9),  and driving shaft B 
revolve in unison. The transmission is as follows: Pinion C, inte- 
gral with the continuously revolving driving shaft B, meshes 
with two sun gears D. These sun gears are the same size as 
the pinion. They are free on studs E fixed in diametrically op- 
posite points in disc F. Near the center, the disc forms a hub 
which is pinned to driven shaft A. Both sun gears mesh with 
stationary ring G. Thus, as shaft B revolves, the sun gears re- 
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FIG. 9. When the ring gear G is rotated by worm H, the timing of driven 
shaft A changes with reepect to the driving haf t  B. 

volve on their studs, and in addition they rotate within the ring 
gear, causing the disc to turn shaft A. 

For changing the timing of shaft A with respect to shaft B, 
the outside of the ring gear is machined to a worm-wheel. The 
changes of angular displacement of the disc with respect to the 
pinion, and advances (or retards) the driven shaft the required 
amount. No stoppage of the mechanism is made, and since the 
worm is self-locking, it will preserve the timing, once set. 

Mechanism for Varying Rotation 
of Winding Mandrels 

The mechanism illustrated in Fig. 10 is designed to vary the 
rotation of two mandrels on which paper tubes are wound. 
Paper from the web is wound first on mandrel A and then on 
mandrel B. The tube thus produced on one mandrel is stripped 
off while a tube ia being wound on the other mandrel. A com- 
pleted tube consists of a given number of full turns of paper 
plus a fraction of a turn aa indicated at a in diagram X. The 
means for applying adhesive to the proper portion of the web 
for securing the lap section of the rolled tube is not shown. 

In order to remain synchronous with the other parta of the 
machine, the mandrels can only make a specified number of full 
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turns. Therefore, a driving mechanism for the mandrels had 
to be designed which would give the required number of full 
turns plus a fraction of a turn a on the winding cycle of each 
roll without increasing the total number of complete revolutions. 
To accomplish this, it was necessary for the mandrel being 
stripped to have its rotation slowed to compensate for the frac- 
tional rotation provided for the lap a before starting to wind 
a new tube. 

The mandrels A and B, and their respective worm-wheels C 
and D, are driven by worms E and F .  The worm-wheel C and 
worm E are right-hand, while the worm-wheel D and worm F are 
left-hand. The two worms E and F are made integral, and are 
slidably mounted on their driving shaft M. 

The extra rotational movements of the mandrels are obtained 
by axially reciprocating the worms. A shaft G, which makes one 
revolution for each complete winding cycle of the two mandrels, 

FIG. 10. Mechanism designed to vary rotation of mandrels uaed to wind 
paper tubes. 



416 VARYING CONTINUOUSLY ROTATING OUTPUT 

provides the drive for the worm-reciprocating movement. On 
shaft G is a crank H of appropriate length, which is connected 
to lever K by link J. The forked end of lever K carries shoes that 
ride in a groove provided for them in a collar L. Collar L is 
pinned t o  a hub a t  the outer end of worm F. 

When the machine is in operation, the web is introduced 
between the mandrels, as illustrated, and is brought into contact, 
by means not shown, with, say, mandrel A, to which it is held 
by vacuum. Mandrel A rotates in the direction indicated, wind- 
ing the paper around i t  the required number of laps. At the 
same time, the worms move to the left a sufficient distance to 
give the required extra part of a revolution. I t  should be noted 
that although mandrel A is given the additional rotational move- 
ment, this same amount is subtracted from the rotational move- 
ment of mandrel B. Thus i t  will be apparent that the overlap a 
is the sum of the under speed of the beginning of the winding 
cycle and the over speed a t  the end. This does not affect the 
winding operation, since B is being stripped of its previously 
wound tube during this decelerating part of the cycle. 

At the  proper point in the cycle, the web is cut (by means 
not shown) and the leading edge then brought into contact with 
the opposite mandrel. The axial movement of the worms is re- 
versed on the return stroke of link J at  the proper time; and 
the worm F,  moving in the opposite direction, gives mandrel 
B the additional rotation required for the lap joint. 

Worm Drive Gives 
Variable Output Automatically 

Figures 11, 12 and 13 illustrate the construction of a mech- 
anism designed for use on a machine that makes a woven wire 
product in which the strands of wire are spaced to a specific 
pattern. In order to produce the required pattern, the mech- 
anism which processes some of the wire strands operates a t  a 
uniform rate of speed, while other parts of the mechanism must 
operate a t  varying speeds. In  the mechanism shown, a shaft 
rotating a t  a uniform speed transmits motion to  another shaft, 
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L-- I 
FIG. 11. Front view of speed changer with the cam G at the mid-point of 

its dwell. 

in synchronism during part of the cycle, followed by an  increase 
of speed, and then by a period of rest, which returns the two 
shafts to the original relative rotation. Figure 11 is a front view, 
Fig. 12 a plan view, and Fig. 13 an end view of the mechanism. 

Drive-shaft A rotates in the direction indicated by the arrow 
and carries worm B, attached to  it. Grooved collar D and worm 
C are fastened t o  each other as shown and are arranged to slide 
axially on shaft A, their rotation being provided by an  internal 

I I 

FIG. 12. Variable-speed worm-gear drive, plan view. showing slide-block 
H, which moves pusher worm C to left in a rack action. 
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FIG. 13. The  relationship of the slide-block H and its springs N is shown 
in this end view of the device. 

key sliding in a groove in shaft A. Worms B and C have the same 
lead, except that B is right-hand and C is left-hand. 

Shaft E, which is free to rotate, is mounted on a stationary 
part of the machine and carries worm-gear F, in mesh with 
worm B, and cam G. The contour of cam G is shown in Fig. 
12. It  is laid out to produce a 240-degree dwell on the base 
circle, 60-degree rise and 60-degree fall, with a rise equal to 
three times the lead of worms B and C. 

Driven shaft L carries worm-gear M in mesh with worm C. 
Worm-gears F and M have the same number of teeth, so that 
shafts E and L have the same rotative speed. Block H has a 
sliding mount on two bars I, which are fastened to a stationary 
part of the machine. Block H also cames two rollers. The first 
is K, which engages the groove in collar D; and the second roller 
is J, which contacts the cam G. Two coil springs N hold roller J 
in contact with cam G. 

In the position shown in Figs. 11 and 12, roller J is in contact 
with cam G at the mid-point of the dwell period. Rotation of 

shaft A transmits rotation to the shaft E in the direction shown. 
At this stage in the cycle, no motion is transmitted to slide-block 
H. Shaft A also transmits rotative motion to shaft L through 
worm C and gear M, in the ratio of the number of M's teeth. 

With the continued rotation of shaft E, the rise section of 
cam G contacts roller J and motion is thus imparted to the 
slide-block H. The movement of slide-block H is transmitted to 
collar D and worm C through the roller K. In  addition to 
transmitting rotary motion to shaft L, the axial movement of 
worm C causes it to act as a rack to increase the speed of rota- 
tion of shaft L. Because the rise of cam G is equal to three times 
the lead of worm C, gear M turns through three teeth in addi- 
tion to the normal worm rotation in the same period of time. 

After cam G has reached the peak of its rise, springs N draw 
slide-block H back to the starting point a t  a rate of speed 
controlled by the contour of cam G. This movement is at a rate 
which permits slide-block H to move a distance equal to one 
lead of worm C with each rotation of shaft A. Therefore, no ro- 
tation is transmitted to shaft L on the return movement of block 
H. 

With this mechanism, the relative rotation of shafts A and L 
remains unchanged over a 240-degree rotation of cam G. The ro- 
tation of shaft L is doubled over the 60-degree rise of cam G, and 
remains stationary over the 60-degree fall of cam G, so that 
when the cycle is completed drive-shaft A and driven shaft L 
again assume their original relative rotation. 
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CHAPTER 19 

Clutch and Disconnecting Devices 

Clutches and disconnecting devices which play an important 
role in automatic and semiautomatic machinery are described in 
this chapter. 

Slip Clutch Suitable for Tape Drives 

Many applications present themselves for a slip clutch that 
will not change its rating, can be infinitely adjusted, is not 
sensitive to speed changes, and will not wear out. One use for 
such a clutch is in a tape drive. Drives for both punched-paper 
and magnetic tapes can use this clutch. Clutches of various sizes 
and ratings can be built in the design shown in Fig. 1. 

FIG. I.  Nonwearing alip clutch especially suitable for tape drives. 
420 

The clutch consists of two ceramic magnets A with eight sep- 
arate poles in each of the opposing faces. North and south poles 
are alternated on the magnet faces. These magnets are mounted 
on the driver pulley as indicated. A disc B of high-hysteresis 
cobalt steel runs between the two ceramic magnets on suitable 
bearings. The output pulley D is driven by the disc. Power is, 
of course, applied through input pulley C. 

Adjustment is achieved by rotating one of the magnets in 
relation to the other. Screw E passes through a slot in the shell 
of the input pulley. The highest torque is obtained when unlike 
poles of the magnets are opposite each other. The drive results 
from the magnetic path, established in disc B, resisting change. 

Driving Mechanism Prevents 
Reverse Movement of Driven Shaft 

Feed arrangements for a special wire-forming machine re- 
quired intermittent, unidirectional rotation of the feed-drive 
shaft. Any shaft reversal during dwell periods in the feed cycle 
had to be avoided. To meet these demands, the drive mech- 
anism, shown in Fig. 2, was developed. 

Wire feed spool A is keyed to driven shaft B, as shown a t  X 
(section Z-Z). The shaft runs freely within the stationary, cir- 
cular bearing bracket C. A clockwise rotation (indicated by 
the arrow) is imparted to the spool by pulley D, keyed to the 
shouldered end of the driven shaft. A nut and washer retain the 
pulley in position. 

A counterbored recess is machined in the upper surface of 
bracket C. Cast-iron circular plate E is mounted a t  the base of 
this recess, a counterbore in the bottom face of the plate forrn- 
ing a running fit over an internal hub on the bracket. The 
through hole in plate E is bored to be a running fit with driven 
shaft B. 

A deep slot is cut diametrically across the upper surface of 
plate E to receive sliding bar F. Two diagonally opposed sides 
of this slot are relieved for clearance. A short elongated slot, 
located approximately in the center of the sliding bar, a slip fit 
over the driven shaft. Headed steel pin G is driven through a 



422 CLUTCH A N D  DISCONNECTING DEVICES 

I I 

FIG. 2. Drive mechanism arrests any reverse movement of driven shaft B. 

hole in the web of the pulley and projects into an elongated slot 
in the right-hand end of sliding bar F. At the opposite end of 
the bar is a short arcuate slot. Engaging this slot is the project- 
ing portion of shoulder-pin H. This pin is pressed into a hole 
that has been drilled in circular plate E. 

Cut across the left-hand end of the sliding bar is a series of 
hardened, fme-pitch vee serrations. A case-hardened steel ring 
J, having internal vee serrations matching those of the sliding 
bar, is pressed and pinned into the largest diameter step of the 
recess in bearing bracket C. 

The diagrams at X in the illustration show the relative 
positions assumed by the various components while shaft B is 
being driven in its normal (clockwise) direction of rotation. Pul- 
ley D, sliding bar F, and circular plate E rotate in unison, beiig 
connected by pins G and H. The curved slot bearing against pin 
H serves to hold the sliding bar to the right, thus allowing free 
movement of all the components. 
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When pulley D is a t  rest, any movement of spool A in the 
reverse direction will be instantly arrested. Such a movement 
will be transmitted to the pulley and thus to  pin G. The pin, in 
turn, will cause bar F to rotate counterclockwise for a short 
distance. As this occurs, and the left-hand slot is caused to 
slide in contact with pin H, the bar will be forced to the left 
until it engages the vee serrations on ring J. In this way, the 
drive mechanism is positively locked, as shown a t  Y, and will 
remain so until normal rotation is resumed. 

Two-Revolution Clutch 

In designing a certain mechanism, provision had to be made 
to rotate a drive-shaft two complete revolutions and then to 
stop the shaft. The accompanying drawing shows the means by 
which this action was obtained. All rotating parts are of low 
inertia. The full lines in Fig. 3 show all parts in their locations 
when the mechanism is stopped. However, the driving member 
A rotates constantly in the direction indicated by the arrow. 

FIG. 3. Clutch which makes two complete revolutions and then stops 
accurate1 y. 
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When the mechanism is in motion, a link, which is not shown 
and which is attached t o  the left-hand end of stop link B, moves 
the latter from the full-line position to the dotted location. This 
movement permits driving plunger C, carried in clutch body D, 
to move forward under the pressure of spring E (view X) until i t  
bears against the face of driver A. This position is maintained 
until one of four cam-like recesses registers with plunger C, 
whereupon spring E forces the plunger to  enter the recess as 
indicated a t  W. Clutch body D and driving member A then 
revolve together. 

An outstanding feature of the device is the means employed 
to hold link B out of the path of plunger C until the second revo- 
lution has started. T o  hold link B in the lowered position, a 
hole F is provided in the side of the link that faces the clutch 
body. When link B has been lowered to release plunger C, the 
hole registers with plunger G and the latter is snapped forward 
into the  hole by means of spring H. 

Clutch body D now revolves with member A. A right-hand 
square thread is cut in the outer surface of body D a t  J. This 
thread terminates a t  each end in a slope leading to the circum- 
ference of the clutch body, the total thread being somewhat 
less than two complete turns. 

When the device is stopped, roller K on operating lever L rests 
on the outside surface of body D. When rotation starts, this 
roller enters thread J and causes lever L to move to the left. 
(Note: In end view, lever L is shown vertical and does not corre- 
spond with the side view. This was done to show the parts more 
clearly. ) 

Plunger G carries a pin M which passes through slot N in sup- 
port P. The pin engages one end of link Q. The other end of 
this link has a slot which is engaged by pin R on operating lever 
L. As the operating lever L moves to  the left, pin R moves along 
the slot in link Q. 

As the first revolution of body D is completed, lever L as- 
sumes a vertical position; driving plunger C is a t  the bottom 
center; and stop link B is held in the out position by plunger G. 
This permits the start of the second revolution. 

Sometime after the second revolution starts, pin R will reach 
the end of the slot in link Q. Further movement of the pin and 
link to the left will move plunger G until i t  disengages from hole 
F. Link B is thereupon returned to its original position by the 
action of a spring. Then, when plunger C reaches link B, a wide 
slot on the plunger engages the thin portion of the cam surface 
S (view X )  on the  link, forcing the plunger out of engagement 
with the recess in body A. Inertia will carry the rotating parts 
until plunger C engages the stop portion of link B. 

Upon the clutch body D having completed two turns, operat- 
ing lever L will have moved to the extreme left as shown by 
dotted lines a t  Y, and roller K will have risen to  the outside 
surface of body D. Operating lever L is now free to be moved 
by means of the spring plunger T to its original position. 

In order to  permit roller K to  rise from the  engaged position 
with the thread to the outside surface of body D, the upper 
portion of lever L is hinged as shown. This upper portion is 
forced into its operating position by flat spring U. Swinging 
block V permits roller K to  pass over the central portion of the 
thread groove in returning to  the starting position. This block 
is held in position across the thread groove by a torsion spring 
that surrounds i ts  pivot screw. When roller K passes this point, 
riding in the  groove, block V is rotated about i ts  pivot screw 
into a pocket, a s  shown by dotted lines, permitting the roller 
to pass. All parts are now in position for another two-revolution 
cycle. Stop link B and bracket P are carried on a frame not 
shown. 

Intermittent Rotation for Instrument Pointers 

A mechanism that converts the continuous rotation of a 
shaft to the  intermittent rotation of a stop-wheel is shown in 
Fig. 4. I n  the application illustrated, t h e  angular position 
pointer A follows the shaft B with a quick motion each time the 
shaft completes a 60-degree rotation. 

Basically, the mechanism consists of a clutch that engages 
and disengages automatically by the axial movement of one of 
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FIG. 4. When shaft B rotates, etop-wheel C moves axially unt~l lobe F 
clears stop G. The stop-wheel then rotates 60 degrees. 

the parts. This axial movement is derived from the continuous 
rotation of the shaft by a screw and nut action. 

Stop-wheel C, carrying the pointer, is mounted freely over 
shaft B. Also over the shaft, but pinned to it, is an arm D. An 
integral stud on the arm is threaded externally, and engages an 
internal thread on the stop-wheel. Fastened to, and wound 
around the hub of the stop-wheel is a flat coil spring E. The 
outer end of this spring is connected to the arm. As the shaft 
and arm rotate (in the direction of the arrow on the shaft) the 
spring attempts to transmit this motion to the stop-wheel. How- 
ever, this member is prevented from turning by the blocking of 
one of the lobes F on the wheel by a stop G. Instead, the wheel 
moves axially to the right (as indicated by the solid arrow) be- 
cause of its threaded engagement with the arm. Then, when 
the stop-wheel has moved out sufficiently to clear the stop, the 
tension built up by the spring causes the wheel to rotate faster 
than the shaft and thus reverse its axial direction (the broken- 
line arrow). 

Since this particular stop-wheel has six equally spaced lobes, 
i t  will rotate 60 degrees before the next lobe abuts the stop. 
Double frequency can be obtained by adding a second stop, G'. 

The mechanism can be utilized in applications where the 
rotation of the input shaft itself is intermittent rather than con- 

tinuous, since there will be a corresponding effect on the stop- 
wheel. For simplicity, the pointer is shown carried directly by 
the stop-wheel. However, if the angular movement of the pointer 
has to  be increased or decreased, a gear transmission can be 
added. 

Simple Device Allows 
Manual Overriding of Remotely Controlled Lever 

Rod C (see Fig. 5 ) ,  is reciprocated by extension B of split 
bushing A which is clamped to oscillating shaft D. To disengage 
A from D, arm F, which is attached to bearings G located in a 
recess in A, is rotated manually. Cam E then forces split bushing 
A apart, causing disengagement from shaft D. Further rotation 
of F will cause rotation of A. 

FIG. 5. Split bushing arrangement permits lever actuation by either 
manual or remote control. 
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One-Half Revolution - 
One-Half Pause Mechanism 

A one-half turn trip clutch designed to operate two machine 
heads used for simultaneously twisting eyelets on wires is shown 
in Fig. 6. Fundamentally, this mechanism is based on a sta- 
tionary cam and a pivoted latch which control the action of a 
pair of gears. The mechanism has proved successful in the appli- 
cation mentioned. The capability of the mechanism in driving 
several units is a decided advantage, and the arrangement has 
long-wearing characteristics. 

The driven shaft makes a one-half revolution with the drive- 
shaft and then remains idle during the next one-half revolution 
of the drive-shaft. The mechanism indexes accurately and is 
suitable for operation a t  speeds of up to 30 rpm. 

The stationary cam A is mounted on a short tube B which 
is held tight in housing C of the machine. A key prevents rota- 
tion of both the tube and the cam. Shaft E drives the entire 
mechanism. Keyed to the drive-shaft is a disc F which revolves 
at  all times. Latch G is pivoted on this disc. Fastened to the 
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FIG. 6. Mechanism which imparta a one-half revolution to a driven ahaft 
for a one-half revolution of the drive-shaft and then hold* the driven ahaft 

stationary aB the drive-shaft completes its revolution. 

latch is a spring I which is also secured to a pin on disc F. This 
spring tends to draw latch G toward the center of the mech- 
anism. 

Two pins J and K, respectively, are mounted diametrically 
opposite to each other on gear L. This gear turns one-half 
revolution during a one-half revolution of shaft E and then re- 
mains stationary during the remaining one-half revolution of 
the drive-shaft. Pinion M meshes with gear L, the gear having 
120 teeth and the pinion having 12 teeth, so that in the one-half 
turn of the gear, the pinion makes five complete turns. The 
pinion is mounted on the driven shaft and drives it whenever 
gear L is in motion. Bronze bushing 0 is free to rotate on 
shaft E. 

The operation of this mechanism is as follows. Shaft E drives 
disc F through a key. When latch G reaches the bottom of the 
cam, dog H forces the latch to swing radially outward so that 
the end of the dog engages pin K and carries this pin to the 
position shown occupied by pin J. At this point dog H rides 
off the high section of cam A and spring I pulls the latch inward 
to clear the pin that has just been indexed to the position shown 
occupied by pin J. The gears are then stationary until the latch 
is again carried to the bottom of the cam and the dog H contacts 
pin J, which has previously been indexed to that position. Gear 
L is then again given a one-half revolution. 

Automatic Half-Nut Release 
for Thread Cutting 

A mechanism that permits easy manual engagement and auto- 
matic disengagement between the half-nut and the lead-screw 
of a lathe is illustrated in Fig. 7. With this arrangement incor- 
porated in the lathe apron, screw threads can be cut close to 
shoulders a t  a rapid rate. 

A single half-nut is carried on the unrestrained end of arm A, 
and is swung downward to engage the lead-screw by an upward 
movement of hand lever B. Any positional change of lever B, 
which is conveniently mounted on the front of the apron, is 
transmitted to the half-nut by pin C. This pin is attached to 
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FIG. 7. Lever B is raised manually to engage the half-nut with the 
lead-screw, and adjustable collar H trips extension L for automatic release. 

plate D and engages with a slot in the end of arm A. Plate D 
is connected to  lever B by a shaft that passes through the apron. 
When the half-nut is engaged with the lead-screw, pawl E is 
turned counterclockwise by a spring to interlock with the upper 
end of arm A. In  this manner, the half-nut is held in positive 
engagement with the lead-screw. 

Referring to section X-X in the illustration, engagement of 
the half-nut is controlled by disc G which operates in conjunc- 
tion with pin F on arm A. Disc G has two diametrically oppo- 
site slots, and, when screw-cutting is not actually in progress, is 
driven by a gear in mesh with the lead-screw. The disc replaces 
the screw-cutting dial usually provided on the carriage. 

With this arrangement, upward movement of lever B causes 
pin F to make contact with the disc, so that the half-nut is 
temporarily held out of engagement with the lead-screw. The 
engagement is made when one of the slots in the disc is presented 
to pin F. In  this way, the engagement of the half-nut is syn- 
chronized with the angular position of the work-piece in relation 
to the cutting tool. 

At the end of the cutting stroke, an extension L on plate D 
.nakes contact with adjustable collar H mounted on the lead- 
screw. In consequence, plate D is pivoted in a clockwise direc- 

tion. A second pin J, attached to  this plate, causes pawl E to 
release arm A. At  the same time, this arm is swung upward by 
the action of pin C, assisted by tension spring K, so that  the 
half-nut is automatically disengaged. The  cross-slide is then 
moved by hand so that  the cutting tool is brought clear of the 
work, and the carriage is traversed toward t h e  tailstock in prep- 
aration for taking the next threading cut. 

An alternative method of insuring correct timing for engage- 
ment of the half-nut depends upon a tripping device, located 
a t  the left-hand end of the headstock which is coupled t o  the 
apron mechanism by a cable. 

One-Revolution Clutch with Positive Action 

For a special type of cutting-off machine it was necessary to 
supply a one-revolution clutch that  would be positive in action 
and trouble-free. Figures 8 and 9 show a clutch designed to 
meet these requirements. The design is based on the action of a 
cog wheel and a driving pawl. 

The driving member, pulley A, is keyed t o  drive cog wheel B. 
The cog wheel has six ratchet-shaped teeth and rotates on shaft 
C. Pawl D is spring-loaded and free to pivot in assembly E 

Fro. 8. One-revolution clutch which incarporates a cog wheel and pawl. 
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FIG. 9. Diagram showing pawl in entering and stopped positions. 

which, in turn, is keyed on shaft C. The clutch is held in position 
on the shaft by means of collars F and G. 

Cam H is keyed to the clutch operating shaft I. Also keyed 
to shaft I is lever J. This lever is used for operating the clutch. 
With proper linkage it can be manipulated by a foot-pedal. 

In operating the clutch, cam H is rotated out of position to al- 
low pawl D to engage a tooth of cog wheel B, as seen in Fig. 9. 
Cam H is then returned to its original position as the pawl and 
assembly E rotate shaft C. Continued rotation of assembly E 
will cause the pawl to pivot while in contact with cam H, conse- 
quently disengaging the drive after one revolution. Cam H is 
swung back to its original position by a coil spring attached to 
the linkage. 

The clutch is intended primarily for a slow operating drive of 
10 to 60 rpm. 

One-Uevolution Clutch Adaptable to 
Various Dwell Periods 

The drive for a wire-twisting mechanism employed in an 
automatic device for forming eyelets from music wire was re- 
quired to dwell for five-ninths of the machine cycle and then 
rotate for the remaining portion. At first a cam-controlled 
twisting arrangement was tried, but this failed to perform effi- 
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ciently and was replaced by the one-revolution clutch shown in 
Fig. 10. The clutch not only provided a smoothly operating 
means of obtaining interrupted motion but also a method of ac- 
curately dividing the constant rotation of the driving member 
into the proper periods of dwell and movement. One feature of 
this clutch is tha t  i t  is versatile and can easily be redesigned for 
other cycle timing. 

Shaft A, which is the driven member, is supported in a sleeve 
bearing pressed in frame B. The  driving member, sprocket C, 
rotates on shaft A and has four ratchet-shaped teeth D in the 
hub of the sprocket. Two pawls E pivot on pins F secured in disc 
G which, in turn, is keyed to shaft A. During periods of drive, 
each pawl is held in contact with a tooth on sprocket C by means 
of leaf springs H and stops J. These stops are carried in the 
bore of a shell K which is free to turn on shaft A. A collar L 
holds the assembly in place on the shaft. 

To disengage shaft A, a latch M, operated by a tripping cam 
(not shown), is allowed to contact a tooth N on member K. ( In  
Fig. 10, tooth N has just come into contact with the  latch.) The 
latch stops the rotation of member K, b u t  the continued rota- 
tion of disc G causes the pawls to pivot out of contact with 
teeth D disengaging the drive, and t o  move clockwise past stops 

FIG. 10. One-revolution clutch that can be arranged to drive ehaft A in a 
dwell-rotate cycle timed in various ratios. 
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J so that the stops contact the pawls at  points 0. As disc G 
rotates clockwise in relation to shell K, due to the friction be- 
tween the rotating drive and disc G, two pins P secured in 
member K each compress a spring Q carried in an elongated 
radial slot in member G. These springs are heavy enough to 
rotate shell K counterclockwise and return the pawls into con- 
tact with the teeth on the drive sprocket when latch M releases 
tooth N. They are not heavy enough, however, to rotate disc 
G and shaft A. 

When the pawls have rotated until they are out of contact 
with the teeth on the driving sprocket, shaft A, disc G, shell K, 
and the pawls remain stationary until the latch is tripped to 
release shell K. The release of shell K allows shaft A to rotate 
one full revolution before again being stopped by the action of 
latch M. To obtain the proper dwell period, latch M, however, 
is retained in contact with tooth N until one and one-quarter 
turns of the drive sprocket have been completed. The cam then 
trips latch M, and each pawl returns into contact with the 
adjacent tooth D (counterclockwise) on sprocket C. Timing of 
latch M, in this case, is accomplished by employing a single-lobe 
tripping cam geared to the constant speed drive to rotate once 
in each two and one-quarter turns of sprocket C. 

Thus the shaft rotates one revolution and then dwells for one 
and one-quarter revolutions. Since the machine cycle is, there- 
fore, completed in two and one-quarter turns of the drive 
sprocket, shaft A rotates for four-ninths of the cycle and dwells 
for five-ninths. Other dwell-rotate cycle timings can be obtained 
by varying the number of teeth D on sprocket C and/or by 
changing the timing of the device for tripping latch M. 

CHAPTER 20 

Miscellaneous Mechanisms 

The mechanisms described in this chapter are those which 
were not readily classified in the general groups covered by the 
preceding chapters. They are included because of some inter- 
esting features or ingenious design. 

Instantaneous Reversing Shaft-Traversing Device 
Replaces Troublesome Cam 

A "cheeser-twister" in the textile industry is a yam-winding 
machine. The machine puts the twist in yarn as it comes from 
the spinning machine, then winds it (zigzag, like twine) on a 
cylindrical cardboard core about 5 inches long, making a rough 
ball about 5 inches in diameter. The balled yarn is known as 
cheese. 

I t  is important that tension of the yam in the cheese be 
uniform and without slack because slackness results in a loose 
warp thread when the yam has been woven into cloth. Wear 
on the drum cam causes the follower and, through it, the thread- 
guide traverse to dwell at the end of a stroke instead of reversing 
direction immediately. During the dwell the yam builds up 
unevenly on the edges as undesirable slack, that causes loose 
warp threads. 

The described mechanism eliminates the drum cam and its 
problem of wear. The new traverse therefore provides reliable 
yarn-tension control, and reduces machine down time and the 
cost of repairing and replacing worn cams. 

In Fig. 1 is shown a cross-section assembly of the new tra- 
verse of the cheer-twister. The cam-shaft has been shortened 
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FIG. I. View of thread-guide traversing mechanism shows design of the 
pinion-clutching arrangement on shafts H and J. 

to provide for a driving sprocket A which transmits the power 
to the mechanism through the sprocket B by a roller chain. 

The principle of the design is a parallel rack movement with 
alternative driving pinions mounted between the racks. The 
rotation of each pinion causes one rack to advance and the other 
to retract, thus creating a balanced motion in the machine. 

Bevel gear C drives gears D and E which are free to rotate on 
shafts F and G. On the ends of the shafts, rack pinions M and 
N are keyed and always in mesh with the racks 0 and P (sec- 
tion X-X, Fig. 3). 

Each of these shafts is fitted with round clutch keys H and J, 
each having half the diameter cut away as shown in Fig. 2, sec- 
tion Y-Y, and full-diameter bearings in the collars K and L, 
shown in section Z-Z. 

The length cut away from the clutch keys is the length of 
the hub on gears D and E. The keys each have one end bent up 
a t  right angles to the diameter, providing a means for lever action 
to rotate them, when contacted by adjustable stop-screws V-1, 
V-2, V-3 and V-4. Thus, the rotating motion of the key serves 
as a clutch. 

Each rack has a bracket fastened to it for the purpose of 
moving the traverse bars T and U, section X-X, Fig. 3. 

FIG. 2. Alternate clutching of pinions G and F is created by levers on 
pins J and H striking stops V-1 and V-2, and V-3 and V-4, respectively. 

(Note eection Y-Y, Fig. 1.) 

In the operation of this mechanism, as  shown in section Y-Y, 
(Fig. 1) one key J is positive, while the other H is neutral. In 
this case, shaft G is a positive drive through gear E. At the same 
time shaft F is driven through the rack pinion N in mesh with 
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FIG. 3. Section through the shaft-traversing rnechaniam shows how 
bracketa R and S transmit motion from racks 0 and P to the yam guide- 

shaft traverse bars T and U, respectively. 
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racks 0 and P. Reverse rotation of shaft F turns it back to the 
starting point, when the lever end of the key H is rotated into 
positive position by stop-screw 3, to do the driving via gear D. 
At the same time key J has been rotated into neutral position 
by stop-screw 2, and shaft G backed up to the starting point. 
Gears D and E are individual drivers, due to the clutch action of 
the key, in mesh with one another and always rotating in the 
same direction. 

The pinion gears M and N are not in mesh with each other 
and turn one-half revolution in the same direction, being in mesh 
with the racks 0 and P, which produces the reciprocating mo- 
tion of the traverse bar. 

The gears D and E make one-half to one revolution forward 
and one-half revolution in reversing gears M and N. Hardened 
chrome-alloy steel is used for the racks, gears, shafts, and keys. 

The top of the case is covered with transparent plastic to per- 
mit inspection. The bottom has a removable castiron cover which 
supports the shaft bearings. 

Transmission Remotely Controlled 
by Triple-Action Cylinder 

A triple-acting cylinder arranged to remotely actuate a special 
purpose transmission is illustrated in Fig. 4. Designed for low 
cost and made of standard components, the device can be pneu- 
matically or hydraulically operated. 

Cylinder A contains two piston assemblies B and C (Fig. 5). 
Assembly B is pivoted on a fixed pin at  the rod end, while 
assembly C is linked to level D but is free to move to the right. 
Trunnions are mounted on the cylinder shell, and flexible lines 
are employed to supply and exhaust the pressure chambers. 

Input shaft E is integral with a gear F. This gear has a recess 
in the right-hand face that serves as the front bearing for an out- 
put shaft G. Gears H, J, and K idle on shaft G but are restrained 
from axial movement. Dual face clutch L and a rear clutch M 
are splined to this shaft but are free to float axially. The gears 
on shaft N are secured to it and are in positive drive with those 
on shafts E and G. 

FIG. 4. Triple-acting cylinder A permits remote control of this gear 
transmission. Either pneumatic or hydraulic operation ia possible. 

I SUPPLY , /d ,EXHAUST 

FIG. 5. Lever movements that reault when a fluid ia introduced under 
prwure into each eection of the cylinder. A different aection is vented in 

each case. 
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When the left-hand chamber (view X, Fig. 5) is pressurized, 
the cylinder body moves to the left, and the trunnions tilt a piv- 
oting forked lever 0. This lever, in turn, slides the dual face 
clutch L to the right, thus engaging gear J to output shaft G for 
drive. If the  right-hand chamber is pressurized (view Y, Fig. 5) 
the  cylinder body moves in the reverse direction and the left- 
hand face of clutch L engages gear H to the output shaft. Pres- 
surizing the center chamber (view Z, Fig. 5) will force the rear 
piston-rod to the right, pivoting forked lever D so that it engages 
the rear clutch M with gear K. 

Cone type clutches with meshing teeth provide a positive en- 
gagement with the gears, thus allowing a low pressure to actuate 
the system. Coil springs are mounted on shaft G between the 
clutches and gears H, J, and K. These springs overcome any 
piston-seal friction and disengage the clutches when the pressure 
actuating the cylinder is released. 

Gyroscopic Grinding Setup 

Unique application of gyroscopic procession makes possible 
the grinding of diamond phonograph needles by the device illus- 
trated in Fig. 6. In use, the setup needs little manual control 
and can be employed for similar operations on work-pieces re- 
quiring rounded ends. 

The arrangement, which resembles a toy gyroscopic top, con- 
sists essentially of a flywheel on a shaft that is rotated a t  high 
speed and allowed to precess around a given point. If, while the 
shaft is revolving, an object having an arbitrary profile is posi- 
tioned along the precession axis and brought into contact with 
the  precessing end of the shaft, the shaft will follow and press 
against the  surface of the object. 

To utilize this principle for grinding diamond phonograph 
styluses, the object is replaced by a conical grinding wheel A 
driven by a motor B, and the work-piece C is mounted in a 
chuck on the shaft D driven by a motor E through a flexible 
coupling F. This coupling can be a gear type or any other kind 
which will transmit a constant velocity. Motor B and the grind- 
ing wheel are mounted so that  their axis is a t  an angle to that 
of motor E. 

FIG. 6. A device for grinding diamond phonograph etyluaeo. Gyroecopic 
preceeeion caueea the rotating atylue to preee against and travel around the 

rotating conical grinding wheel A.  
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The flywheel G is mounted on shaft D and a braking wheel H 
is supported on antifriction bearings on the same shaft. The 
braking wheel is immersed in heavy oil in a fixed container J. 
A pin K prevents the braking wheel from completely revolving 
on its axis but allows the stylus and shaft to circle or precess 
around the rotating grinding wheel. Thus, work-piece C revolves 
about its own axis, and, because of the gyroscopic precession 
effect, also moves around cone-shaped grinding wheel A. Since 
the  stylus contacts the wheel a t  different heights and angles suc- 
cessively, a rounded head is obtained. The speed of grinding 
is increased by running the two motors in the same direction, 
thereby adding their relative tangential speeds. 

The pressure of the work-piece against the wheel is a function 
of the speed of precession -the velocity with which the shaft 
moves around the wheel. Another factor is the height of the cen- 
ter of gravity of the shaft. This latter can be adjusted by raising 
or lowering the flywheel. The centrifugal force of the flywheel is 
constantly opposing its gyroscopic tendency to press against the 
wheel. Therefore, by raising the flywheel, the lever arm of the 
centrifugal force is lengthened, increasing its effect. 

Relative motion between the work-piece and grinding wheel 
causes a moment tending to accelerate precession, resulting in 
higher pressure and diminution of the relative grinding speed. 
T o  prevent this, the braking wheel H is mounted on the shaft 
and immersed in the heavy oil contained in member J ,  which is 
attached to  the frame of the device. Since it is mounted on ball 
bearings, the braking wheel does not disturb the constant rota- 
tion of the shaft around its axis, but the oil's viscosity does 
prevent too fast a precession of the shaft around the grinding 
wheel. This also permits the possibility of obtaining elongated 
and flattened forms by inclining one side of the braking wheel 
more into the oil, consequently slowing the work-piece as i t  
passes over any desired section of the wheel. The pressure of 
the work-piece against the wheel is also raised by increasing the 
speed of motor E and the moment of inertia of the flywheel. 

The stylus is contacted by all of the area shaded on the grind- 
ing wheel as seen in Fig. 6. This is important for even wear 

FIG. 7. Each stylus is  required to be ground between the angles X (=GO 
degrees) and Y(=120 degrees) or for a spherical zone equivalent to 90 
degrees. Included angle of grinding wheel cone (90 degrees) and axis 

inclination (15 degrwn) is determined by this relationship. 

of the wheel. Motor B can also be moved in the direction of 
its axis, thus changing the portion of the grinding wheel being 
used without affecting the adjustment of the whole assembly. 

In the case under discussion, the stylus has to be ground only 
in the area between the angles X (= 60 degrees) and Y (= 120 
degrees) as illustrated in Fig. 7, because the actual working angle 
of the diamond point in the record groove is  equal to only 90 
degrees. This means that one flank of t h e  grinding wheel 
has to be inclined a t  an angle of 30 degrees from the vertical, 

X and the other side inclined by-- or 30 degrees from the hori- 
2 

zontal. Consequently, the required cone angle of the grinding 
wheel is 90 degrees and the inclination of motor B from the ver- 
tical is 15 degrees. The actual setup was built for grinding a 
diamond-stylus radius of 0.0008 inch. 

Dial's Moving Witness Mark 
Compensates for Backlash 

A moving witness mark on a dial controlling the angular 
position of gears, feed-screws, or levers solves the problem of 
discounting the influence of any backlash. In Fig. 8, the device 
is shown from the front and side. Dial A is fixed to shaft B which 
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Fm. 8. The free movement of plate C between the dogs G equals the 
amount of backlash in the system that has to be taken up. 

feeds into the machine or mechanism involved. The witness 
mark is scribed on plate C, which in turn is attached to hub D 
mounted on, but not fixed to, shaft B. A blind hole cross-drilled 
in the hub contains spring E and friction pad F. The pad drags 
against the shaft, transmitting the torque from the shaft to the 
hub. Adjustable stops G limit plate travel. 

I n  each view, Fig. 9, the dial is set a t  30. In view A, the set- 
ting was made by rotating the dial counterclockwise, while in 
view B, the dial has been rotated clockwise. Although the set- 

FIG. 9. Backlash in the system accounta for the alight difference in the 
angular disposition of the two dials and witness marks. 

tings are the same, the dial in each instance is in a slightly 
different position, as is the witness mark. This difference is due 
to the backlash in t h e  system between the dial (the input) and 
the gears, feed-screws, or levers ( the output). 

If the dial in view A is further rotated counterclockwise, the  
output motion will follow the input motion directly and im- 
mediately because the  backlash has been taken up in this direc- 
tion. But if the same dial is rotated clockwise, the input mo- 
tion is not transmitted until the backlash has been taken up. 
As the dial moves clockwise, the witness mark moves with i t  
until plate C abuts the right-hand stop G. Backlash has now 
been taken up, the output starts to  move, and the dial reading 
changes accordingly. 

Pneumatically Actuated Mechanical Oscillator 

With the device shown in Fig. 10, a reciprocating mechanical 
motion can be generated from a constant gas pressure source. 
The unit is capable of functioning a t  frequencies as  high as  
100 cps and its oscillating rate for most operating conditions is 
independent of fluctuations in the applied pressure. Its inherent 
reliability is enhanced by the fact that i t  contains only one 
moving element. 

Essentially, the mechanism consists of an oscillating piston 
and a cylinder. One end of the oscillating element is turned 
down to form an output shaft and the  piston end is drilled with a 
number of air passages. The stationary member has a cylinder 
bore and three annular grooves with threaded external con- 
nections. 

The two outermost cylinder connections are inputs fed by a n  
air pressure source. The center connection is vented to the at- 
mosphere. With the  piston a t  the left, air from the left input 
enters the left end of the cylinder through t h e  piston passages. 
Meanwhile, air previously under pressure in t h e  right end of t h e  
cylinder is vented through other piston passages to the atmos- 
phere. The right-hand input is closed by the piston. As a result 
the net force on the piston causes i t  to move t o  the right. 
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FIG. 10. Piston caused to vibrate by air pressure. 
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When the piston reaches the center position, it closes the left 
input and the vent connection to the right cylinder chamber. 
Further motion to the right allows the air in the left chamber to 
expand as the residual air in the right chamber is compressed 
by the piston. 

With the piston a t  the right, the air in the left chamber starts 
escaping to the atmosphere and the right chamber is opened 
to the right-hand air supply. As the pressure in the right cham- 
ber rises, the piston first decelerates and then reverses its direc- 
tion. On return of the piston to the left, the cycle repeats. 

Reciprocating piston motion can be started from any initial 
position between the limits shown. The amount of pressure 
required for operating the mechanism depends upon the weight 
of the piston and the load attached to the output shaft. Initial 
pressure also has to overcome the initial friction of the piston in 
the bore. 

Depending on the application, the mechanism can be built 
with one or two output shafts, one at either end. If it is desired 
to simply sense the motion of the piston electromagnetically, it 
can be built without an output shaft. Another application is 
to use the pulsating output air flow from the vent for pneumatic 
timing. 

Plotting Circular Arcs 
with Inaccessible Centers 

Plotting of circular arcs with inaccessible centers is possible, 
using a theorem of geometry that states that the locus of the 
vertex of a constant angle whose legs pass through two fixed 
points is a circular arc. 

If points A and B in Fig. 11 are fixed and angle ACB is 
held constant, any position of point C, such as a t  C1, C2, or C3, 
lies on a circular arc. Also, if angle ABF equals angle ACB, line 
EBF is tangent to the arc a t  point B. 

This geometry principle provides a means of laying out a 
circular arc when access to the center point is inconvenient or 
impossible. Where the arc is to be drawn through three points, 
or to be drawn through one point and tangent to the line at an- 
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FIG. 11. Instrument to draw arcs with inaccessible centere. 
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other point, the angle involved can be reproduced on tracing 
paper and the resulting layout used as a template to mark 
off successive points of the required arc. 

Where the problem is met frequently, construction of an 
instrument of the type illustrated may be justified. I t  affords 
additional accuracy by permitting a continuous drawing of the 
arc instead of the approximation achieved from plotted points. 

The device consists of a pair of straight-edge blades con- 
nected by a clamp type hinge with its center offset from the 
blade edges. A hole is provided through the hinge center for 
the purpose of mounting a pencil lead or a steel scriber. Two 
discs with radii equal to the hinged offset are used as locators for 
the fixed points. 

Center holes and cutaway segments in the discs allow the arc 
to be drawn through the fixed points. The locator discs can 
carry needle points for use on a drafting board, or clamping 
tabs (shown in dash lines) for part layout. 

High-Speed Cutoff Mechanism 
Length of the cut-off piece can be varied when using the simple 

but improved high-speed cutoff mechanism illustrated in Fig. 
12. The device consists of a cutter blade attached to a circular 
disc on a shaft supported by two bearing brackets. The cutter 
blade is oriented so that when it is in its lowest position, as 
shown, it is perpendicular to the center line of the material 
being cut. The strip is supported by a work guide. 

Angle a between the center line of the material and that of 
the cutter shaft can be determined by the equation: 

2 x  RN 30V 
- --  sin a = V, or sin a = - 
60 xRN 

where R  is the active cutting radius of the blade in inches, N is 
the rotary speed of the disc in rpm, and V the velocity of the 
material in inches per second. 

In order to cut various lengths of strip material at  different 
strip velocities V, the following principle is applied: The knife 
is rotated with a speed N equal to the number of pieces to  be 



MISCELLANEOUS MECHANISMS MISCELLANEOUS MECHANISMS 45 1 

- 

TOP V l E W  

CUTTER E L A M  

SIDE V l E W  

FIG. 12. Stock cut on the fly by shear on a disc. 

cut off per minute. Angle a is then adjusted according to the 
equation and the blade angle is reset to cut perpendicular to 
the moving strip. 

This device has been successful in cutting preslit tubes for 
can manufacture a t  a production rate of 1000-2000 cans per 
min. Actual deviation from an exact perpendicular cut is 
about 0.002 inch for an active cutting radius R of 2.5 inches. 

Mechanism Compensates for 
Lead-Screw Pitch Errors 

Pitch errors in the lead-screws of a thread-cutting or a thread- 
grinding machine can be compensated for by the mechanism 
shown in Fig. 13. The drawing shows, in view X, a sectional 
view of the lead-screw drive in which motion is transmitted 
through gearing and a differential unit. If the outer casing 
of the differential is held stationary, the differential acts as a 
coupling, and drive from the spur gear A is transmitted to the 
lead-screw in a ratio of 1 to 1, but in the opposite direction of 
rotation. 

A non-self-locking worm B meshm with teeth cut on the 
periphery of the differential casing. On the outer end of this 
worm is keyed a plain spur gear C, as can be seen in view 
Y. Meshing with gear C are two rack-toothed plungers, each of 
which has a roller a t  the lower end making contact with one of 
a pair of templates D and E. 

FIG. 13. The surfaces of templatea D and E are convex or concave at 
different points to correepond to pitch errora in the lead-screw. 
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As gear A starts to rotate, the outer casing of the differential 
will turn in the same direction, rotating worm B and spur gear 
C until one of the plungers makes contact with a template. 
When this occurs, worm B can no longer rotate, and the outer 
casing of the differential is held stationary. Drive to the lead- 
screw is now transmitted in the manner described in the first 
paragraph. 

As the lead-screw moves axially, the plunger travels along 
the upper edge of the template, and as long as the template is 
flat and parallel with the machine guide ways, the differential 
casing will be held stationary. However, the edge of the template 
is arranged with concave or convex curves, which correspond to 
the known pitch errors in the lead-screw, and when the plunger 
encounters one of these curves it is raised or lowered accordingly. 
These movements rotate gear C, which, in turn, rotates worm 
B, and thus the outer casing of the differential is also caused 
to rotate. 

This rotation has the effect of adding to, or subtracting 
from, the rotary movement of the Iead-screw, and correspond- 
ingly reducing or increasing the axial traverse of the carriage, 
thus compensating for pitch errors. In view Y, one of the 
plungers has contacted a concave area on template D, which 
has resulted in a counterclockwise rotation of gear C. 

Because of the backlash between the lead-screw and its nut, 
only one flank of the thread is critical for each direction of car- 
riage traverse. Two templates are necessary, therefore, to com- 
pensate for the pitch errors present on each flank of the lead- 
screw. 

Dual Gear Train Diminishes Backlash 
Backlash in gears that function to amplify mechanical move- 

ments, as in servomechanisms, analog computers, and dial indi- 
cators, distorts the movements. The mechanism here described 
involves a dual gear train that greatly minimizes the amount of 
backlash in a servomechanism. 

In this particular instance, motion has to be transmitted with 
a ratio of 160: 1. Backlash permissible for the slower pinion must 

not exceed 0.0025 degree. This accuracy is particularly im- 
portant when the mechanism is in motion. The servo has worked 
for over one thousand hours and has backlash too small to be 
measured by normally available means. 

A diagrammatic representation of the dual gear train princi- 
ple appears in Fig. 14. The line of transmission from driving 
gear A to driven gear B extends both through intermediate gears 
C and D and through intermediate gears E and F. Through 
gears C and D, the ratio is 160: 1, as required; but through gears 
E and F, the ratio is stepped up to 190:l. 

For all practical purposes, gears C and D may be considered as 
a single compound gear. Gears E and F, on the other hand, are 
entirely separate. Gear E, free on shaft G, carries a pawl H. 
This pawl, in conjunction with a ratchet J pinned to the shaft, 
represents a one-direction clutch. On the other end of the shaft 

FIG. 14. Intentional slippage in the friction coupling K compensate8 for 
the differences in the ratios of the two gear trains. 
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FIG. 15. When gear A rotates counterclockwise, the tooth-flank contact 
with gear C is as shown. 

is a friction coupling K through which the drive is transmitted 
to gear F. 

When the driving gear A rotates counterclockwise, gears E 
and F tend to rotate the driven gear B a t  a 190:l ratio. How- 
ever, since the actual speed of gear B is restricted by gears C 
and D to a 160:l ratio with gear A, two things happen. First, 
a certain amount of slippage occurs in the friction coupling. Sec- 
ondly, gear C tends to "drive" gear A, so that the tooth-flank 
contact between them is as illustrated in Fig. 15. Similarly, 
gear B tends to "drive" gear D. 

Then, when gear A rotates clockwise, the drive is through 
the compound gears, and theoretically, no backlash has to be 
absorbed. Gears E and F will rotate by reason of their engage- 
ment with gears A and B, respectively, but the one-direction 
clutch prevents motion from being transmitted. 

Since, during the original counterclockwise rotation of gear 
A, gear F drove gear B, no backlash exists between gears F and 
B when the rotation is reversed and gear B becomes the driver 
of gear F which now idles. 

Also, the mild drag of a brake L, Fig. 14, on shaft G prevents 
gear C from running ahead of gear A when the latter is rotating 
clockwise. Since the brake exerts pressure on the shaft a t  all 
times, the friction moment of the brake must be stronger than 
the remaining moment transmitted by the one-direction clutch 
when rotating in its free direction. In order to attain the greatest 
accuracy in the mechanism, the friction moment of the brake 
should correspond to the following equation: 

Mbr + Mwt - Mdc = Mcoop - Maet 

where, 

Mbr = friction moment of brake 
MSet = moment needed to rotate output shaft and overcome 

friction in mechanism 
Mod, = remaining moment of one-direction clutch in free 

direction 
M,,,,, = moment transmitted by coupling 

(All of these moments have to be measured on the same axis.) 
By thus maintaining a pressure between the teeth of the gears 

that is equal in both directions, the moment of the mechanism 

FIG. 16. Cross-sectional view of the servomechanism built around the 
principle in Fig. 14. 
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is assured of being constant. This, incidentally, is a feature not 
found in spring type backlash eliminators. 

The actual mechanism that was built is shown in cross sec- 
tion in Fig. 16. Identifying letters on the drawing correspond 
to those for the counterparts in the diagrammatic representation, 
Fig. 14. In arranging the transmission, it was found practical to 
include two driving gears, A and AA. Both are powered by 
the same motor pinion N. From gear A to gear B, the train runs 
through gears C and D. And from gear AA to gear B, the train 
runs through gears E and F. 

The one-direction clutch H, the brake L, and the friction 
coupling K function as previously described. Details of the 

FIG. 17. Rollers Q serve to tramnit motion between drum 0 and sleeve 
P in one direction only. 

FIG. 18. Exploded view shows the friction coupling between gears E 
and F. 

clutch and brake appear in Fig. 17. The clutch consists of a 
drum 0 and sleeve P. A pair of rollers Q transmit motion in 
but one direction. 

An exploded view of the friction coupling is shown in Fig. 18. 
Although the relative motion between the two discs of the coup- 
ling is small, together they revolve rapidly. A groove R in the 
larger disc produces a flow of air that serves to cool the coupling. 

Hydraulically Operated Cross-Slide 
for a Copying Lathe 

A hydraulically operated cross-slide is shown in Fig. 19. Two 
templates of the part to be turned, as indicated by the broken 
lines at  A and B, are secured to a fixed member of the lathe. 
This arrangement enables shoulders up to an angle of 90 de- 
grees to be reproduced on both the headstock and tailstock ends 
of the work. 
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FIG. 19. Sectional view of a hydraulically operated cross-alide for a copy- 
ing lathe, employing two templates, A and B, of the part to be tuned. 

Saddle C, mounted on ways beneath the lathe centers, has 
angular guide ways on which the cross-slide D can be moved 
hydraulically toward and away from the work-piece. A tool- 
holder of the upper end of cross-slide D carries the cutting tools 
E and F. Tool E is used in conjunction with template A for 
turning stepped portions on the tailstock end of the piece. Tool 
F is employed, together with template B, when profiles are to 
be reproduced on the headstock end of the part. A bore is 
provided in cross-slide D to form a hydraulic cylinder which 
surrounds the fixed differential piston G carried on saddle C. 

In operation, saddle C is traversed on the ways, and oil is 
delivered to both sides of piston G by the pump H. The pres- 
sure in the lower end of the cylinder is maintained constant by 
a spring-loaded relief valve J. When cross-slide D is to be held 
stationary or moved away from the work axis, oil is permitted to 
escape from the upper end of the cylinder and return to the 
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reservoir by way of the spring-loaded piston type valve K (fitted 
to body L) ,  and through passages formed in the body and in 
cross-slide D. 

Alternatively, when the cross-slide is to be traversed toward 
the work axis, valve K is moved downward by spring action so 
that the oil flow is interrupted and the pressure in the upper end 
of the cylinder is increased. Movement of valve K and, con- 
sequently, of cross-slide D toward and away from the work, is 
controlled by a stylus which engages template A or 33. The 
stylus is pivoted on a pin fitted to the bracket M, the latter 
being attached to the lower end of valve body L. 

Cutting tools E and F are brought into use, as required, by 
movement of a lever N, which together with its associated con- 
trol mechanism, is carried on brackets on the cross-slide. When 
this lever is turned to its lowest position, bar P (connected t o  it 
and to a bracket a t  its lower end by swivel links) is caused to 
move in a curved path to the right. The arm Q, carried on a 
cross-pin fitted to  the bracket M, is then swiveled by spring 
action so that a pin attached to it makes contact with the 
lever R. Lever R is carried on the same pin as arm Q and its 
left-hand end engages a slot in the stylus. 

Due to the swivel action of arm Q, and consequently of the 
lever R, valve K is moved upward causing the cross-slide D to 
be moved away from the work. Thus, cutting tool F is brought 
into use, and the stylus makes contact with the template B. 

Conversely, when lever N is set in its upper position, bar P 
moves to the left to engage the roller mounted on arm Q, thereby 
causing the pin fitted to the latter to be brought clear of lever 
R. Thereupon, valve K is moved downward by spring action 
with the result that cross-slide D is moved toward the work. 
In this way, cutting tool E is brought into use and the stylus 
engages template A. 

If desired, cutting tool F can be automatically brought into 
use when the saddle reaches the extreme left-hand position by 
means of the lever S. This lever is mounted on the same spindle 
as lever N and is arranged to make contact with a horizontal 
adjustable stop (indicated by broken lines), whereupon bar P 
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and the stylus mechanism are actuated. The sliding motion 
of saddle C is then reversed. 

The movement of cross-slide D in each direction can be limited 
independently of templates A and B by the stops T and U. 
These stops are engaged by the right-hand end of lever R 
and can be adjusted toward and away from each other by 
handwheels, through bevel gears and screw systems. The 
handwheel controlling stop T is provided with a circular scale 
to enable parts to be turned by tool E without the need for a 
template. 

Valve body L can be adjusted axially in a second bore provided 
in cross-slide D so that the distance between one of the cutting 
tools and the stylus can be set to produce stepped parts of the 
required diameters. 

Tension Regulating Device for Coiling Machines 
One of the h a 1  phases in the fabrication of wire is the wind- 

ing of the product around a reel as it leaves the annealing 
furnace. Winding is done by rotating the reel and guiding the 
wire back and forth along the axis of the reel until layers of 
wire have been built up. 

If the reel rotates at a fixed speed, the tension on the wire 
increases for each layer, since the wire is forced to feed faster as 
the diameter of the reel body is built up. Eventually, the wire 
may snap, or some other failure take place. The accompanying 
diagram shows the principle of a mechanism designed to main- 
tain a state of equilibrium in which the tension on the wire is 
constant. 

In advancing from the annealing furnace to the reel A (see 
Fig. 20), the wire is directed through a control unit B. The reel 
is driven by a motor C through a drive-shaft D. A weight E 
produces sufficient drag in the control unit to keep the wire taut 
as i t  is wound on the reel. The tendency for the wire to speed 
up, and for the tension on the wire to increase, is countered by 
a movement of the control unit. This unit rotates through a 
small angle after each layer has been wound, to a total of a 
degrees. 

FIG. 20. The control unit B maintains constant tension on the wire by 
decelerating the motor C. 

In pivoting, the control unit actuates a rheostat which, 
through a cable F, decelerates the motor. Thus, by driving the 
reel at  a progressively slower rate, the feed and tension of the 
wire are held constant. For any particular wire size, the tension 
can be set by varying the weight E in the control unit. 

A V-belt G causes the wire-guide shaft H to turn with the 
drive-shaft so that the lineal movement of the wire-guide roller 
J is synchronized. This roller has a friction contact with two 
sheaves K, the axes of which are able to float out from a hori- 
zontal position to permit the wire to be properly wound around 
the reel. 

Hydraulic Copying System 
Controls Two Lathe Tools 

A patented hydraulic copying system for a railroad car wheel 
lathe is shown in Figs. 21 and 22. This device permits simul- 
taneous turning on the tread and flange portions of the car wheel 



462 MISCELLANEOUS MECHANISMS MISCELLANEOUS MECHANISMS 463 

FIG. 21. Plan view of a hydraulic copying system for a railroad car wheel 
lathe that permita turning tread and flange portions simultaneously. 

FIG. 22. Sectional views of oopying system illustrated in Fig. 21 show 
template E for tread form, and spoolvalve H attached to pieton-rod of 

cylinder L. 

by separate, single-point cutting tools. Thus, cycle time can be 
reduced and production increased. 

As seen in Fig. 21, the cutting tools are mounted on com- 
pound slides A and B, which can be traversed parallel with the 
work axis on way C. The entire assembly can be adjusted toward 
or away from the work on ways provided on the base. 

During the machining cycle, rotation of shaft D causes slide 
A only to be traversed parallel with the work axis for turning 
the tread portion of the wheel. The required tapered form of 
the tread is produced by the action between a follower roll at-  
tached to the slide and the template E (section X-X in Fig. 22) 
which is secured to way C. 

This traversing motion causes a piston-rod attached to slide 
A to be moved axially in cylinder F. As a result, hydraulic fluid 
is discharged from the inner end of this cylinder, and through 
pipe G to a spool-valve H. When profile-turning is not being 
performed on the wheel flange, the fluid is directed from the 
valve through pipe J to the inner end of cylinder K. The piston- 
rod of this cylinder is attached to slide B. Thus, slides A and B 
are traversed in the same direction at similar speeds. 

As shown in section Y-Y of Fig. 22, valve H is attached to 
one end of a piston-rod. The opposite end of this rod is coupled 
to the slide carrying the cutting tool for profile-turning the wheel 
flange. Cylinder L is fixed to slide B. When profile-turning the 
flange, a spring-loaded follower (mounted on one end of the 
valve-spool) is held in contact with template M, which is fixed 
to way C. 

When the valve-spool is moved outward, due to the action of 
the template on the follower, the hydraulic fluid from cylinder 
F is directed simultaneously to the inner ends of cylinders 
K and L. As a result, the traverse rate of slide B is reduced, and 
the profiling tool is moved away from the work axis to turn half 
the wheel flange. When the largest diameter of the flange has 
been turned, the valve-spool is moved in the opposite direction 
by spring action. This keeps the follower roll in contact with 
template M as slide B continues to move in the same direction, as 
can be seen from Fig. 21. 
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The hydraulic fluid is then directed to the outer end of 
cylinder L, as well as to the inner end of cylinder K. I n  this 
way, the profiling tool is moved toward the work to turn the 
other half of the wheel flange, reproducing the shape of template 
M on the work-piece. 

Pitch-Error Compensating Device 
for Height Gage 

An unusual height gage is equipped with an  adjustable scale 
for direct reading and a measuring head that is positioned on the 
guide column by means of a lead-screw. A vernier, with a dial 
that  is coupled to the lead-screw, permits setting of the instru- 
ment to within 0.0001 inch, normally without the use of an 
optical aid. This accuracy, however, is only made possible by an 
arrangement that automatically compensates for small pitch 
errors along the full length of the lead-screw. 

The height gage has a tubular column A (Fig. 23) mounted 
on a hollow base B. A 10-pitch lead-screw C, 8% inches in 
length, is supported upright inside of the column by a special 
anti-friction bearing D (Fig. 24) attached to the top of the base. 
The screw thread is of modified Acme form with a root diameter 
of only 0.190 inch. A plain bushing, lightly pressed in a suitable 
cap that is screwed on to the top of the column, retains the 
lead-screw and keeps it in axial alignment. 

A measuring head E has a slide fit over the column and is 
fastened to a tongue integral with a nut F that has a close fit on 
the lead-screw. For nearly its entire length, the column is pro- 
vided with a slot 0.200 inch wide to permit passage of the 
tongue. 

Drive for the lead-screw is simply a chain of 50 diametral 
pitch gears (not shown). There are four gears in all: one is 
attached to the bottom of the lead-screw; one is an intermediate; 
and the other two are drivers chosen to give a 2-to-1 speed ratio 
for rapid traverse, and a 3-to-1 speed reduction for fine ad- 
justment. The setting of the measuring head is accomplished 
by two knurled knobs protruding from the base of the height 
gage. 

FIG. 23. Thb mechanism automatically resets vernier scale to compenaah 
for pitch error in the lead-screw of special height gage. For clarity, mm- 

ponents not used for this function have been eliminated. 
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FIG. 24. Enlarged view ehows details of main bearing D and parb N and 
0. Outer race of the bearing has a flange that ie cut away at three points 

to permit passage and movement of part 0. 

A sheet-metal cover G encloses the column except for the scale 
and the slot that provides clearance for the measuring head. 

A dial H, coupled to the lead-screw, is visible through a win- 
dow in the base of the gage and is used in conjunction with a 
vernier scale J to set the measuring head. The main scale is 
vertical. Also, exerting light pressure on a button on top of 
the base frees the dial for readjusting to zero and simultane- 
ously locks the lead-screw in place. This arrangement per- 
mits the scale and the dial to be quickly and easily set to zero, 
regardless of the position of the head within its full range of 
7 inches. The height gage is, therefore, direct reading, and 
consequently the usual paper work required for setting the 
gage is greatly reduced. Downward measurements, although 
involving subtraction, present no problem since the dial is sim- 
ply read backwards, as is the micrometer dial on the feed-screws 
of many machine tools. 

Construction of the measuring head is shown in section Y-Y, 
Fig. 23. The center hole in the tongue of the nut is eo accom- 
modate a knurled knob for clamping the measuring head to 
the column. Scriber clamping arrangement (not shown) is at- 
tached to the measuring head by means of the stud located 
opposite the tongue. The accuracy of measurements made with 
this height gage would normally depend on the accuracy of the 
lead-screw were it not that the arrangement incorporatea an 
automatic pitch error compensating device. This device ad- 

vances or retracts the vernier-plate according to the position of 
the measuring head. Amount and direction of vernier move- 
ment are controlled by the contour of a compensating bar. The 
pitch-error compensating arrangement and associated parts 
are illustrated in detail in Fig. 23. 

Actuating pin K is lightly pressed in a boss on nut F, and is 
always in contact with the working edge of compensating bar L. 
The bar is attached to a member M, which is made of light 
tubing. Member M stands upright between the inner wall of 
the column and the screw. Sufficient clearance prevents inter- 
ference between these parts. The bushing forming the top bear- 
ing for the screw also serves as the top pivot for member M, the 
bottom end of which fits in the annular groove in a part N. A 
small screw, not shown, restrains member M from turning in 
the groove. Three screws fasten member N to three bosses milled 
on the upper face of a member 0. The shape of these bosses may 
be seen in Figs. 23 and 24. Before assembly, the bosses on 
member 0 are inserted into openings in the top of the base. 
These openings surround main bearing D, and are shaped as 
shown to permit members N, 0 ,  and attached parts to have a 
limited rotational movement. 

The body of the main bearing fits snugly in a reamed hole in 
the top of the base and is flanged. Three screws secure the 
flange to the top of the base. In addition, the flange is cut away 
the same as the base to allow clearance for the bosses on part 
0. Member N rests on the top face of the bearing body which 
is somewhat higher than the top of the flange. The bosses on 
member 0 are a free fit on the periphery of the outer bearing 
race. This arrangement permits members N and 0 to straddle 
the bearing support flange and to rotate a few degrees on the 
bearing. 

A groove of semicircular cross-section is machined into the 
periphery of member 0 to accommodate a cord P. One end of 
this cord is attached to member 0, and the other end is attached 
to vernier-plate J. In addition, cord P passes over pulleys Q 
and R. Two grooves of rectangular cross-section are cut in the 
vernier-plate along arcs centered on the axis of the main bearing. 
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These grooves accommodate two phospher bronze guides S of 
the same radii. Each guide is attached to the base with two 
0.063-inch diameter pins that are a light press fit in locating 
holes. The guides allow the vernier-plate to move in an arc. 
Retaining plate T, held in place with three screws, supports the 
vernier-plate. A suitable tension spring (not shown) is attached 
to the vernier-plate to exert a constant pull on the related parts 
and keep the operating edge of compensating bar L in contact 
with actuating pin K. Dial H rotates with the lead-screw. 

As an illustration, let X-X represent the operating edge of 
compensating bar L. Assuming the measuring head is being 
raised for a distance of 0.5000 inch, actuating pin K, moving 
with the nut, slides along the bar. Since the bar is inclined in re- 
lation to the axis of the column, the sliding action of pin K im- 
parts a clockwise movement to members M, N, and 0, and the 
pull of the cord advances the vernier accordingly. Advancement 
of the vemier is necessitated by the fact, previously established, 
that a little more than five turns of the 10-pitch screw is re- 
quired to raise the measuring head exactly 0.5000 inch. If the 
vernier remained stationary, the zero on the dial would be 
slightly ahead of the zero on the vernier. Disregarding the pitch 
error and coinciding the zeros of the dial would, of course, 
result in a false setting. This has been avoided by the automatic 
adjustment of the vernier-plate setting. 

Finding the pitch errors of the lead-screw and bringing the 
compensating bar to the desired shape are simple undertakings 
carried out a t  the time of assembly. Pitch errors are first ascer- 
tained by recording the dial readings of the gage when measuring 
the height of gage-blocks. Then the compensating bar is de- 
tached from the easily removed member M and is filed to a 
shape that will automatically position the vernier scale for ac- 
curate readings. Since the back edge of the bar is straight, the 
contour may be easily measured with a 1-inch micrometer. A 
contour fled to within plus or minus 0.001 inch of the desired 
shape will meet practical requirements, for movement of the pin 
K in relation to the change in the reading on the vernier scale 
of the height gage is in the ratio of over 50 to 1. 

Mechanism for Checking the Torque 
of Tappet Screws 

Tappet screws have to fit a tapped hole properly for an  
assembly to pass inspection. If the fit is too loose (30 inch- 
pounds is the minimum torque specified), the screws may be- 
come slack during operation; and if too tight (120 inch-pounds 
is the maximum allowed), adjustment for making service repairs 
difficult. 

A tapping machine - equipped with a socket wrench instead 
of a tap - is used to drive the screws after starting them by 
hand. 

To check the torque applied, the machine is equipped with a 
special mechanism so designed that if the torque needed a t  any 
point in driving the screw to a specified depth is outside the 
limits set, the assembly is rejected. Assemblies coming within 
the limits are automatically dropped into a tote box below the 
machine. 

To check the torque applied to the screw A, seen in Fig. 25, 
rocker arm B is mounted on a plunger C. The cylinder D hold- 
ing this plunger is mounted on a turntable E. The turntable is 
thus free to rock horizontally through a certain angle without 
significant friction when torque is applied to  the screw. The 
screw is located directly under the socket wrench held in the 
vertical spindle of the machine. 

Before loading the rocker arm over the plunger, the operator 
starts the screw by hand. As the rocker is mounted on the 
plunger, it pushes pin F inward to actuate limit switch 0 and 
automatically start the machine. The wrench then grips the 
screw and feeds i t  downward into the arm, applying what- 
ever torque is required. 

Projecting radially from the turntable is an arm G that 
carries a roller H in contact with a piston J, which is pressed 
outward by a spring. The spring presses the roller against a fixed 
stop-screw K with sufficient pressure to resist a torque of 30 
inch-pounds. If the torque applied to the screw does not exceed 
this amount, the roller will not leave the stop and the plunger C 
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will not retract at  the end of the cycle because switch L remains 
open. In this event, the operator knows that the screw fits 
too loosely. Consequently, he must remove the rocker arm from 
the plunger by hand and place it in a reject box. 

If the torque exceeds 30 inch-pounds, roller H will be swung 
clockwise against steadily increasing pressure of the spring be- 
hind piston J. If the torque reaches 120 inch-pounds, the roller 
will reach the position indicated in Fig. 25. When this occurs, 
a stop-screw M on the opposite side of the turntable contacts 
switch N, and by tripping this switch prevents plunger C from 
retracting at the end of the cycle. This occurrence warns the 
operator that the torque is above the limit set. He consequently 
removes the assembly by hand and puts it in a reject box. 

In case the torque applied is not outside the specified limits, 
the tapping machine spindle feeds down a specified amount in 
driving the screw and then automatically retracts. As the 
spindle reaches its upper limit, it trips a switch that operates a 
solenoid. This, in turn, opens an air valve, admitting air to the 
cylinder whose piston retracts plunger C. This retraction does 
not occur, however, if roller H does not leave the stop-screw K, 
or if the roller moves far enough to trip the switch N. 

When the applied torque is within the limits set, retraction 
of the plunger C releases the assembly and i t  drops through a 
hole in the base of the machine and into a box containing accept- 
able parts. A spring then returns the plunger, ready to repeat 
the cycle. With this set-up, it is possible to  apply screws to 
362 rocker arms per hour on each machine. 

All the operator does is to start each screw and then load the 
rocker arm on the plunger. The remainder of the cycle is auto- 
matic and the operator does not even have t o  remove the work- 
piece unless it is unacceptable. 

As the cylinder carrying plunger C is mounted on a turntable 
that must move freely, the air lines to the cylinders are made 
from flexible rubber tires. The resistance of these tubes to bend- 
ing as the turntable rocks has a negligible effect on the torque 
applied. 
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Reciprocating movement, converting oscillating circular motion 
................................................................ into variable 194-197 
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PAGE 
........ Reciprocating movement. from one source to two slides 174-176 

from uniform rotation ........................................ 187-190, 217-219 
..... in synchronism on a single shaft .............. ... ... ..... 234-237 
............ of grinding wheel obtained from high-speed drive 166, 167 

..................................... safety attachment designed for a .1 15118 
......................................................................... varying -221-223 

Reciprocating rotating printing roll ................... ....... ..... 268-270 
.... Reciprocating slide, adjustable-stroke driving mechanism 192-194 

...................... Reciprocating strokes for one, generating two 202-204 
.... Reciprocating traversing device with an adjustable stroke 148-150 

.............. Reciprocations with one drive-shaft revolution, two l7G172 
................ Reduction gear, ball bearing serves as planetary 279-281 

........................ Release for tapping, torque-controlled drive 107-109 
Release for thread cutting, automatic half-nut .................... 429-431 
Release latch mechanism, instant. ................................... ..363-3tX 

........... .... . Rest interval, modified eccentric provides .. .... ..I7 2-174 
(see also Dwell) 

Return and dwell period provided by spring-loaded 
.................................................................... eccentric 200-202 

............................. Reversing mechanism, excessive-torque 146, 147 
Reversing shaft-traversing device replam troublesome cam, 

instantaneous ........................... ... ............................ -435-438 
Reversing traverse mechanism, adjustable ......... ... ............ 162-165 
Revelsing two-speed Geneva drive ..................................... . 1 W  152 
Roll drive for printing prem fountains, vibrating .................. 277, 278 
Roller chain, pressing pins into aide plates of cotter-pin ............ 400 
Rotary and linear movement, intermittent ......... ... ........... 272-274 
Rotary motion from continuous to oecillating, converting ..... 247,248 
Rotating and sliding mechanism used in polishing rectangular 

....................................................................... frames -274-277 
Rotation, adjustable drive produces continually variable ...... 4 0 5 4 7  
Rotation rate, cam and link system producee varying .......... 403-405 

Safety attachment designed for a reciprocating movement ... .ll& 118 
Safety devices proted slides against overloads ........................ 99-102 
Safety overload mechanism permits adjustable dwell on recip 

mating drive .................. .... .................................. 102104 
Scanner, high-speed spiral .................................................. 265-268 
Scrapstripping device, rotary ..................... ....... . ... ....... -13-15 

PAGE 
Screw assembly for a slide. differential ................................ 297, 298 
Shaft oscillation increased by gears in trammission line ........ 254, 255 

........................................ Shock absorber for a rotating shaft 94 
Shock in rack movement, cam for eliminating .......................... 22-24 
Shockless indexing movement ............................................... . 29  30 
Shocklesa startup of inertia ................................................ 104, 105 
Shock loads in gear drive, springs cushion ............. .... ..... -105-107 
Simple harmonic motion, oscillating shaft driven with .......... 199, 200 

....... ............................................ Slide motion differential .. 237 
Slides, adjustable-stroke driving mechanism reciprocating ... -192-194 

differential screw assembly for ........................................ 297, 298 
.................................... driven with rapid variable strokes 239-241 

imparting variable and unequal strokes to opposed recipro- 
....................................................................... cating -226-228 

.................. operated longitudinally and one aLeo roewrriee 242-244 
reciprocated in synchronism on a single shaft .................... 234-237 
with automatic reversal and adjustable stroke ................... 238, 239 

Sliding and rotating mechanism used in polishing rectangular 
........................................................................ frames 274-277 

Sorting and feeding shells cloeed end b t  ............................ 367-370 
Speed-change mechanisms, hydraulic gear-shift control for ....294, 295 

........................................................ sun and planet gear 257-259 
.......... Speed measurement, synchronizer that insures precise 305307 

.................................. Speed reducer, changeable under load 282-287 
............................................................... shaft-mounted 281 282 

.......................... Spindle-quill travel, remote control preeets 260- 262 
................................................. Spiral scanner, high-speed 265-268 

...... Spring, mounting provides double action for compreeeion 109, 110 
Sprocket operated Geneva drive provides wide design poeei- . . .  .................................. ................... bilibes ......... 245, 246 

............................................ Stacking device, disc- 124, 125, 397-399 
.................................... Steplessly variable stroke movement 225, !B6 

............ Stock feed of wire-forming machine controlled by a cam S l l  
.......................................... Stop for automatic lathe, awing 137-140 

................. Stoppage for high-speed die-cutting, momentary -313-315 

................ Straight-line motion, geared five-bar linkage for 167, 168 
through levers ................................................................ 348-350 

Straight-line reciprocation from uniform rotary motion, vari- 
...................... ...................................... able .........-. ..21 7-219 
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Strip material. intermittent feed for .................................... 362, 363 

turned in transfer ............................................................ 332-334 
Stroke adjustment during operation, eccentric driving mech- 

anism permits ............................................................. 220, 221 
Stroke and dwell adjustments, lever type driving mechanism 

permits .................................................................... -228-231 
Strokes, fixed converted into variable .................................. 215-217 

generating two from one reciprocating .............................. 202-204 
imparting variable and unequal ........................................ 226-228 
modified eccentric provides adjustable die ........................ 190-192 
slide with automatic reversal and adjustable .................... 238, 239 
two opposed slides driven with rapid variable .................. 239-241 

Sun and planet gears produce intermittent speed change ..... -257-259 
Sun gears which facilitate change of timing of driven shaft .... 413, 414 
Surface grinder, fine feed arrangement for a ........................ 317, 318 
Swing stop for automatic lathe ............................................ 137-140 
Synchronized cams, intermittent motion from two ................... .32, 33 
Synchronized travel, common drive for two slides with 

partially ................................................................... .23 1-234 
Synchronizer that insures precise speed measurement .......... 305307 

Tape drives. slip clutch suitable for .................................... 420. 421 
... Tape reel has quick action and constant gripping pressure .12 5-127 

Tappet screws. mechanism for checking the torque of ............ 469-471 
Tapping, torque-controlled drive release for .......................... 107-109 

...................... Thread cutting. automatic half-nut release for 429431 
mechanism that compensates for lead-screw pitch errors in 451, 452 

Thread-grinding machine, mechanism that compensates for 
lead-screw pitch errors in ............................................ 451, 452 

Thread roller, semiautomatic work feeder improves efficiency 
of .............................................................................. 344-348 

.................. Throw, adjustable eccentric produces a variable 223, 224 
.............. Timing of cam changed while machine is in motion 410, 411 

Timing of driven shaft changed while running .................... 413, 414 
Torque checking of tappet screws ...................................... 469471 
Torque filter eliminates backlash .................... .... ........ 262-264 
Transfer and reversal of pad position, simultaneous ............ 334-336 
Transfer device for cylindrical parts .................................... 336-338 
Transfer of small parts from one chute to two chutes ................ 399 

PACE 
Transmission remotely controlled by triple-action cylinder .... 438440 
Transmitting uniform speed between shafts having variable 

...................... centers ............................................... ... 312 
Transversing device with an adjustable stroke, reciprocating . .I4 8-150 

Unidirectional rotation regardless of changes in drive . . dlrect~on .......................... _ .................................. .41 1-413 
Uniform rotation, variable reciprocating motion derived from 187-190 

Variable and unequal strokes imparted to opposed reciprocat- 
ing slides .............................................................. -226-228 

Variable reciprocating movement, converting mcillating circu- . . lar motion into ............................ .... ....................... 194197 
Variable stroke movement, stepleasly 225, 226 

................................ Varying cam timing, gear mechanism for 20, 21 

Warp machine counter with dwell interval operated through 
slotted discs ................................................................ 157-159 

............... Wheel-dressing attachment for a gear-grinding screw -24-26 
......-..-.... ....... Winding head for skeins of embroidery floss .. 207-209 

Wire-bending machine, with common drive for two slides with 
........................................ partially synchronized travel 231-234 

with gear and clutch mechanism ...................................... 182-185 
............ Wire-coiling machines, tension regulating device for 460, 461 

...................... Wire ends, mechanism for looping and twisting 11-13 
Wire fabricating machine, chain driven intermittent rotary 

movement for .................................................................. 30-32 
with bead chain drive that turns shaft on moving perpendicu- 

lar axes ...................... ...... ..................................... 17&180 
with gears in transmission line that increase shaft oscil- 

.............. lation ................................................. ... 2 ,  255 
with two slides operated longitudinally and one also crass- 

wise ......................................................................... .24 2-244 
...................... Wire-forming machine, cam controls stock feed of 9-11 

with driving mechanism which prevents reverse movement 
of driven shaft ............................................................ 421423 

with intermittent motion derived from continuously rotating 
shaft ............................................................................ 61-63 

with intermittent rotary movement with end-cycle reversal ... -33-35 
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PAGE 
Wire screening. interrupted movement of ................................ 17-20 
Work feeder improves efficiency of thread roller, semi-auto- 

matic ........................................... .... 344-348 .................... 
Work-table with mechanism for automatic indexing, rotary ...... 41-43 

....... Work-transfer arm, mechanism for rotary positioning of .356-3 58 
Work-transfer device, rotary .............................................. 343, 344 
Worm drive gives variable output automatically .................... 416419 
Worm-gear train, intermittent ................................................ 27, 28 
Wrapper8 fed at constant pressure .................. .. .............. 338-340 
Wrapping machine, with lever type driving mechanism that 

......... permits stroke and dwell adjustments ......... .... 228-231 
with two opposed slides driven with rapid variable etrokes ..23 9-241 
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