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PATENT office. 
LAUREras a TortArt, or LYNN, AssACE users, AssIGroB. To unrred shots A 
oEDERY coBPORATION, or PATRBson, New JRRSEY, A coRPorArror or New 

CA-GEDERATING ACEDTE. 

Application aled rovember 15, 1941, serial ?o. 514,597. 
This invention relates to methods of cutting 

cams and to cam cutting machines, Cams 
are generally cut on a copying lathe, in which 
the model cam or pattern and the work 
piece are mounted to rotate againist a model 
wheel or guide and tool Felix. the relative position of tool and work being 
governed by the continuous contact of the 
model and model wheel. The model, ac 
cording to this practice, is made by hand 
and is exceedingly expensive. 
A peculiar can generating problem has 

arisen in connection with an automatic side 
lasting machine invented by R. H. Lawson 
and described and claimed in his application 
Ser. No. 539,280, filed Feb. 25, 1922, and 
a later development of which, involving the 
can in question, is described and claimed 
in his application Ser. No. 637,749, filed 
May 9, 1923, the present invention is dis 
closed in connection with a machine for gen 
erati the cams for this machine. It 
should be understood, however, that the 
present disclosure is illustrative only, and 
that it is not to be understood as limiting 
certain broad features of the invention. 

In the side lasting machine mentioned, 
the shoe is mounted on a jack, which is auto 
matically moved to carry the shoe past sew 
ing n It is necessary that the 
shoe remain motionless while a needle is in 

the time when the needle is not in engage 
ment with the shoe. The critical or locating 
points on the continuously moving jack can 
are accordingly all dwells, of course of finite 
and substantial extent, and the problem, 
therefore, as applied to this particular type 
of machine, is to locate these dwells accu 
rately and to get from one to the next with 
out jar, it being otherwise immaterial just 
what shape the cam is between the dwells. 
Inasmuch as a different system of cam 
dwells is required for every different style 
of last, the model making under heretofore 
existing practice involves great expense. 

In view of these and similar conditions it 
is an important object of the present inven 
tion to provide for generating for example, 
a cam having such peculiar characteristics, 

y 

with greater simplicity or ease, and at much 
smaller e than is possible under the 
practice existing prior to the present inven 
tion. NTo this end I contemplate using a 
pattern having only single points corre 
sponding to the several cam dwells accu 
rately positioned, and using only these 
points in the generation of the several cor 
responding dwells. These points on the 
pattern are joined by curves of substantially 
optional form which are preferably of sub 
stantially even rise or fall as the case may be 
(for example, Archimedean spirals or circles 
which closely approximate them) and which 
are used to generate, the transition parts of 
the cam between dwells. This method of 
cam generation, in its several aspects, which 
will be made clear as the description pro 
ceeds, constitutes an important part of the 
invention. It is clear that since only the 
isolated dwell points of the model need to be 
accurately plotted, and since, as will be 
shown, the compounding spoken of can be 
done mechanically, the making of the model 
is an extremely economical matter. 
As herein exemplified, in another impor 

tant t the invention resides in com 
pounding with the above-mentioned curves 
St. the model or pattern) of even rise and 
all curves of easy starting and stopping 

characteristics incident to the generation of 
the transition portions of the can I con 
template the mechanical compounding with 
a curve of a simple nature (for the sake of 
easy mechanical generation) as, for exam 
ple, a straight line, circle, or curve of sub 
stantially uniform rise or fall, on the model, 
a curve y arbitrary characteristics as 
those of easy starting and stopping. Con 
sidering the invention in its machine aspect, 
in the illustrated embodiment of the in 
yention I have advantageously effected 
both of the objects just discussed by pro 
viding a control between the model and 
work driver (assuming, for example, that we 
are dealing with that form of pattern re 
producing machine in which the model 
wheel and tool are fixed and the model and 
work move over them), which holds the 
model motionless on its dwell points, and 
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then effects a rotation over the following closed, the desired result is practically ac curve which modifies that curve in the way 
desired. This is secured by an irregular an 
gular velocity ratio between the model and work which relatively displaces the model 
points around the work so that the slope 
of the curve joining them is changed. Or, 
still more broadly stated, points equally 
spaced around the cam do not correspond 
to points equal speed around the model, 
the term “equally being broad enough to 
mean here that the model points are not spaced equally to the corresponding cam 
points, nor necessarily even spaced equally 
among themselves, and vice versa. The 
method of cam generation implied in what 
has just preceded and the mechanical means for practicing it constitute very important 
aspects of the invention. In the illustrated 
machine for practicing the methods just 
discussed, which itself also is an important 
part of the invention, I have provided 
means for driving the work and a worm 

30 

35 

40 

45 

50 

55 

60 

wheel and worm for driving the pat 
tern. The worm is a sliding worm which moves tangentially along its motionless 
wo E. the cutting of the dwell, 
and then moves back, driving the wheel 
with it, during the generation of the transi 
tion portion. This is conveniently accom 
plished by a path cam running around the 
worm body, Evin the same lead as the 
worn over the dwell cutting part of the 
circuit, and a portion connecting the ends 
of the equal-lead part, properly designed 
to produce the easy starting and stopping 
feature on the cam on the transition part 
of the cut. 
In another aspect, the invention contem 

lates broadly the reproduction of a pattern 
y moving the pattern and work at different 

speeds past their respectively cooperating 
model wheel and tool. In one way of look 
ing at the matter, this is effected by the 
sliding worm feature discussed above. From 
another point of view, however, it involves 
something quite different. It is of course 
desirable, for reasons of economy, to use the 
same sliding worm in the machine. So far, 
then, there would always be a correspond 
ence between definite sectors on the model 
and definite sectors on the work. There 
would be relative peripheral irregularities 
between the model and work within these 
sectors, but the sectors themselves would 
always correspond, that is, the model wheel 
and cutter would always be at their end 
points at the same time, respectively. Un 
der some conditions, there is an advanta 
in varying this condition, so that a EE 
sector corresponding to a work sector can 
be made longer or shorter in order to se 
cure greater sensitiveness and accuracy in 
the cutting on the Inodel. In this aspect of 
the novel method of cam cutting herein dis 

: 

complished by a system of change gearing 
between the model and work so that, for 
example, a sector on the work can be made 
to correspond to a sector of different mag 
nitude on the model, or vice versa. For 
example, if a can 180 in operative periph 
ery were to be cut, the whole 360° of the 
model could be used to cut it, by means of 
a 2:1 gearing, whereby great sensitiveness 
in the work could be secured. 
Another important object of the invention 

is to provide a cheap, convenient and prac 
tical form of model of the type described. 
The model, as has been stated, consists 
merely of a number of curves of largely op 
tional form joining a set of accurately lo 
cated dwell or otherwise critical points in 
order. Advantageously I have provided a 
face plate having angularly spaced radial 
guides in it in which pins or bushings or 
the like can be accurately positioned to cor 
respond to the carefully located dwell or 
critical points, in connection with which 
pins can be secured interchangeable curved 
guides to connect the points. These guides 
are furnished in a variety of shapes so that 
the shape best adapted to that particular 
locality of the cam may be selected. 

It will be understood that while I have 
disclosed the invention in connection with a 
machine for cutting revolving cams, the 
invention is not to be understood as so lim 
ited except so far as pointed out in the 
claims. The invention in many aspects is 
applicable to the production of cams which 
have a translatory as distinguished from 
a rotary movement, 
The invention in these and other R 

will be better understood from the follow 
ing description taken in connection with the 
drawings, which show an embodiment se 
lected for illustrative purposes. 

Fig. 1 is a diagram illustrating the pat 
tern, the cam and the method of generation 
of the latter; 

Fig. 2 is a development of the can which 
effects the sliding of the worm; 

Fig. 3 is a side elevation of the machine, 
the pattern B and the work piece C, which 
are on the side toward the observer, being re 
moved to facilitate the disclosure of the 
parts behind then; 

Fig. 4 is a section on line 4-4 of Fig. 3; 
Fig. 5 is a plan; 
Fig. 6 is a development similar to Fig. 2 

but in another position; 
Fig. 7 is an elevation of a universal model; 
Eig 8 is a section on the line 8-8 of 

s y Fi 
fi. 9 is a detail of the other side of the 

mechanism shown in Fig. 7; 
Fig. 10 is a detail É the sliding worm 

construction. 
The side lasting Inachine of application 
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Ser. No. 849, above entioned, inco nection with which the illustrated embodi 
ment of the present invention was developed 
was constructed to insert eleven stitches in 
the shoe. The can used 188, 
Fig. 40 of application Ser. No. 849), to 
contiol the jack was aft disk having the can surface on its periphery. Each stitch 

was, assigned as of the cam, The uty of then was to get the jackinto 
position and hold it there over two-thirds 
of the stitch cycle, during which the needle 
was in the shoe and then to move the jack 

30 

5 

55 

s 

to the next tion. The eleven stitch g 
cles used,352 of the can and theast were used to return the jack to initial 
sition. The inprotant parts of the can 
therefore the 214 or cycledyrells which 
s St. s cycle only req 

was that they move the jack to next position wi jar, the motion being 
otherwise immaterial. 
The master can or pattern for the cam 

cutting machine may be developed as foll 
Iowa. The dwell points are accurately lo 
cated every 82 around the pattern by any 
convenient method. AE way is to 
put a last into the mashine and turn the 
nachine and move the jack by hand, mark 
ing the critical positions of the can-roll 
on a blank. About half of P. is 
shown in Fig. 1. The center of the pat 
". Tel Pl O pattern plate poln avy 

etc. are t ... s " the corresponding positions taken by the cen 
ter of the camroll. The model wheel also 

ity s ated Fis hole," or "Leader, 
As is shown at 10 (see any of the 
sitions 101, etc. in Fig. 1). It is an im 
E. the t E. to use t p points corresponding to 
1, 2, 8, etc. to generate the dwells of the 
cam, preferably with no movement between 
the model wheel and pattern during the 
dwell generation, using the movement of 
the model wheel between the points 1, 2 3 etc. solely to generate the transition 
4 cycles of the can Since these sycles 
do not have to satisfy any rigid conditions, 
the pattern outline een the points 1, 
2, 3, etc., can be filled in in atyd co 
venient way. The ideal path between two 
consecutive points is a piece of an Archi 
medean spiral, but this is more expensive to 
produce than the simpler circular are which 
was adopted and which furnishes a close 
approximation to a path of uniform rise 
or fall perd around the can. The 

ttern, is then laid on a rotary circular ta le with two consecutive plotted points on 
the circumference of the table, and a cir 
cular arc milled from one to the other, 

These arcs are shown in Fig.1, in conner 
tion with the successive wheel 
tions. They are all lettered B with su 
indicating the critical points to which they 
belong, is B-2-3, the arc correspondi 
to the G y course, drawn ta per 
model wheel so that its EFE fall on 
the EEE iaig. 1. The centers of the arcs are simply ma 1-3, 
3-4, etc. . The circle 12 wn about the 
point A or center shows how the can rises 
and falls. The pattern is thus generated at 
very small expense. 

e patter thus generated is placed in 80 
the m shown in Figs. 84 and 6. The 
base 14 is equip with a rib or guide 16, 
i which the 1 of the machine can 
de back and fo being pulled in one direction by the right is fibody as BS 

a bearing in which is mounted a hollow 
shaft 20, on one ead of which is mounted 
the E. B, in any convenient way. This 
shaft is driven by a worm wheel 22. 
Mounted inside the hollow shaft is a sece 

ond shaft 24, having a worm wheel 26 and 
E. graduated plate O 

one end, the latter cooperating with a point 
er or index 27 mounted on the 1. 
On the other end of the-shaft (toward the 
observer in Fig. 8 though not show there in order to disclose the other mechanism 
more clearly), is mounted the work piece O to Notate With it. The patter and wori 
piece are spaced by a collar 28, which is so 
arranged that they are not tightly clamped 
together, so that the shafts 20 and 24 can ro 
tate independently. 
Mounted in the body 1 is the main drive 

shaft 29, having a hand wheel 30, a pull 

O 

OO 

OS 

po- ley 31, a worn 83 to drive the worm w 26 and a splined pinion 38 meshing with 
an idler pinion 84 on an arm 35 pivotally 
mounted on a shaft 86 mounted in the 
frame 17. The spline permits ready disen 
gagement of the pinions 38 and 34. A two 
armed bell crank 37 is also pivotally mount 
ed on the shaft 36, and one of its arms 
is clamped by a slot and bolt at 88. The 
other arm of the bell crank 37 carries pin 
ions 89.40 keyed together, engaging respec 
tively the idler pinion 34 and a gear 41, 
fast on the shaft 36. The change gearing 
described will secure any desired direction 
and speed relation between the shafts 29 and 
86. The shaft 36 also carries a long pinion 

10 

5 

44. The shaft 29 will thus drive the shaft 
86 and the work shaft 24 continuously. 
A shaft 48 is mounted in the body 17 and 
has rotatably and slidably mounted on it 
a sleeve having a worm on one end, a 
cylindrical can member 50 and a gear 51 
meshing with the pinion 44 on the other. 
The worm drives the worm-wheel 92 on 
the pattern shaft 20, and the can engages 

25 



. The cam 

O 

O 

work. The non-uniform 

of 

a roll 52 (Fig. 3) mounted in 
in the member 

pf two cans arranged end to 
ing the same See other 56 joining its en 

yelopment in Fig 3.And 6.) 
irt g to 
E.E. of the purposed g. 

ticular problem being described, 
54 extends two-thirds around 
50, and the can 56 fills out the 
rheroisi who is 

mounted on a stud mounted on the 
and the cutter 60 is mounted opposite both in itions opposite the pattern 
and wo iece respectively. 
weight 18 will hold the wip 
the model wheel, and cutter will cut correspondingly into the work piece. 
When the pilley 81 is driven the wheel 

96, shaft 24 and work piece Care driven 
continuously, and the gearing in the present 
arrangement is such that while the work 
rotates through 32, the worn 48 will nake 
one complete revolution. The lead of the 
worn 48 is such that the wheel 22 also ro 
tates 82 in one revolution of the worn. 
This rotation is, however, intermittent. 

ing the first two-thirds of the cycle, the 
straight can 54 of the can 50, having 

the same lead as the worn 48, causes the worm simply to screw to the right in Fig. 
causing no rotation of the wheel 93. 

to gi F. 
o 

and 
6, bage 

The 

the last third of the cycle, the roll 
52 and can 56 return the worn to the left. 
in Fig. 3, carrying the wheel.92 with it, 
the Eval's wheel being the sum 
of two movements due to the translatory 
and ro movements of the worm during 
the one-third cycle, The wheel 22 thus 
moves with non-uniform velocity, F. 
eral, during this part of the cycle. the 
worn merely drye it without sliding, it 
would move uniforngly, and the curves 
B-1-2 etc. would be g in the 

ive, however, 
causes a modification of the curves B-1-2 
etc. which can be regarded from several 
points of view; it amounts to superposing 

... upon the curves B of substantially uniforn 
rise or fall a curve having easy starting and 
stopping characteristics; it is also 
equivalent to the relative displacement of 
theE. of the curves B around the center of the cam to form curyes of easy starting 
and stopping characteristica. 

now to Fig. 1 and 2, the 
cutter starts with the model wheel at 10-1, 
and the cutter at 60-1. The cutter is 
EEE 1 as larger than the model wheel in order to keep the work dR 
tern from confusion in that diagran. 
the figure shows the model wheel and cut 

1,607.1 . 

Big Ei the EEEE 
g i. 

rol the 

56, 
which is schosen as to gi 
desired. If we assums that 
B-1-2 etc. are parts of Archimedean 
spirals, the relation between the can 
and the curve T-1-2 etc., can be f 
Sii, s 

dicular d between any point 66 
of the can 56 and the axis 62 represents 
the rotation of the wheel 29 duri 
tion of the final: E. the instant when the can foll 53 is 
point 66. The total throw of the 
is shown at D, and the total time of the 
one-third cycle is represented by L. If the 
radial drop from the position 12/8 to 
60-2 is represented by K, the cam T-1-2 
will have ped 

K at a point 

g 

22 
IX: 

angularly distant from 60-1 2/3. Since 
there be nothing exact about the can 

rtions T, this relation is close enough to 
the cam 58 by, even under, our ap roximate assumption about the 

1-2, etc. The described cycle is repeated around 
the can as described. The eight de 
grees of the came are cut by other means 
as the machine shown will only with 
couplete cycles, X 

It is obvious that the 2/3 and 1/3 division 
of the cycle may be altered it will by 
roper design of the cams 5456, and that 
E. 82 length of cycle can be altered by 
proper gear relation between the worn 
wheel 22 and worm wheel 26, which can be 
secured the ch A detailed s will E. Salee The 
particular machine shown was built in 
order to deal with the specific problem pre 
sented by the Lawson machine, and con 
tains some features which might have been 
designed otherwise if the purpose had 
ESE. in practising the invention in its broadest 
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aspects. In the illustrated machine the 
gears are as follows: w 

88 has 88teeth 
89 has 82 teeth. 
40 has 82 teeth. 
41 has 12 teeth. 
d4 has 16 teeth. 
S1 has 44. teeth, 
22 has 45 teeth. 

:26 has 19 teeth. 
48 has 4 threads. 

i82 has 1 thread. 

7741 

the purposes of the particular Eawson probe is 
eldescribed, EPG 2 are halfway between adjacent glots 70, the 
slots Oars countergunk is showri at 4 to 
receive bushings 76 shaped to fit the cotiater 
sink portions and projecting out. e.g. O. 
the back. of the plate, is shown in Fig. 
AESSEE A gage pinsu when placed in a 
serves to adjust its the cen 
tral hub 82 by a micrometer. After adjust. ent it is clamped by the nut 78 and wisher 

extends, clear through the 
s 

45 w 

The ratio between the 'gears 22 and 48 bushing and projects.gn the inside, As. shown 
- simplified the treat 

ment of the Lawson E. Thus one 
turn of the worm 48 causes 839 
turn of the model.The gear ratio between the shaft 29 and this worn wheel 23 is 

88x32X5X4. 33x127x4x457127 
which is the ratio between the shaft. 
gear 40is shown much too smallathedraw iing, for the sake of clearness): is planned 
to do all the changing with the gear 89. 
It is apparent that the ratio of the average 
St. cycle or turn of s. 

wheel26 will vary inversely with the num 
ber of teeth in the gear 89, if... everythi else remains unchanged. iii. 
82-toothed geár 89 causes the work to re 
volve 32 for every 82 turn of the model. 
If a 7-toothed gear 89 were inserted, 
work would revolve for every 83 of 
the model 
The dwell 3. can be varied 

i E. gene 9 EE 
ot 

part 54 idlengths 
cam member. Aiyen s first RS deanspirals of an approibition thereto 
and designing the E. ing parts of the cam 66 to produce the E. bee 
tween a uniform rise or fall and the 
desired. In 
is distorted by his regularly over arcs 
center of the calm, the 
controlled by the cars 

iving its points moved ir g E. 
present, reprodyces a model point 

it. - w qf into a whole set of alianlaced noints, living 
on a circular arc. 

- S. 7, 8, 9 show set of model apparatus 8 

and which has proved gimple andgonvenient 
in use. A faceplate, having diallots 0. as shown in Fig., is nointed on the pat 
tern shaft 20. The slots 70 are 83° apart for 

99 
(worm 82) and the worm wheel 28. (The 

of the wheel 32 duringa. 
the shaft 46 to that of the 

d, the . 

this. theh 

E.s 

neral, the curve on the E. 

a part of the present intention, 

in Fig.8, 9. A circular segment.84, in the 
hape of stroghard, havi 86, at 
the ends of its botton just fitting the pins 89 is punted in two adjacent adjusted 
pins and fastened, Xi'a the slot 2. The width of the trough iii the 
segment is the disinter of thendelwheel. 10. The radius of the segment is sq-chosen 
as to coincide best with the Archimedean spiral joining the pins 80. It can be made to pass through hy-one desired point of 
the spiral as yell is the two en ints. 
The intermediate point ah be selected as desired by the choice of the segment of the 
proper radius, and thus the can point cor 
responding to the center of the W a 
be displaced from the center of the corre sponding sector, as is sometimes the prac tice inconstructing cams having a pivoted arm follower. 

In view of the 82 cycle, adopted in the specific problem discusi the beginning and 100 . 
end slots 0 would come 8 apart, and would intersect. To meet this difficulty a 
slot 90, bounded by two Hist of two. 
arallésides is cut from the plate, ind a: 

92 having a circular boss gig 105. 
in it. A 

ge slot 96-isford in histingueyhigh be swung to either side...of the slot 96. 
and held in position by a pia. 98 in holes '. 

. tongue fespectively. 110 to co-opert with either adjoining slot 0. In practice the bushings are all carefully di. pins and proper segment EEEEEEEE the model wheel, running around the 116 
trough and no weight 18 SE . The inachine is then stopped, the segment removed and the proper segment is placed 
in position for the next cycle," and so on. 
This no cutting, even of the E. type de-10 scribed, is necessary, for the nodel. 
It is obvious that the machine will cut . closed cams.as illustrated in Fig. 5, as well 

as open ones. 
o practice the invention in its broidest is aspects, the machine would preferably be. 

constructed as follows:- 
. . The face plate would be divided into ential 

5 

E. the plate, is mounted 

cut 

  



O 

wish to cut a can having 
s 

can be set up 
wheel 89, and turn of 

arts, such as 80 sectors, for example, and 
E. ratio between the is 48 and 22 would 
correspond, as 4threads to 48 teeth, for the 
same example. Thus the model cycle is 80 
long, and the model turns 80 for every turn 
of the shaft 46. A Piri stop pin 
104. SE and 10) can be incorpo in 
the machine to stop the shaft at the exact end of each revolution. The change gearing 
would also be made as before, so that a 
wheel 89 had a number of teeth equal to the 
number of degrees turned by the wheel 26 
during a model cycle. Suppose now that we 
its edge a drop over 2, a dwell over 34, 
a drop over 26, a dwell over 13 etc. We 
will set up these drops in succession in suc 
cessive 80 i.e. SP above descri ignori e dwe als, EE 
is not necessary). We put in a 2 toothed 
drop in the first 27 of the work, intil the 
stoppin falls, the approximate Ashieden spiral on the model being modified by the cams, 54-56 adopted to R anything 

e pinion 88 is we desire with the spiral. 
then pulled out of the train, and the rotation 
of the work continued over 34 from the 2 
to the 61 point as measured on theE. 27. The pinion 33 is then replaced in the train. 
(A E. turn of the shaft 29 mayTER be necessary to R this. 

(O 
his-will 

affect the length e dwell by less than 
half of 

360 ---saareer is O axis -0.086. 
(If this error is prohibitive the spline drive 
of the gear 88 may be changed to a cl 
A. 926 89 is inserted "B. 
second drop, set up in the second 80 of the 
model, is turned off on the 61-87 interval 
of the work. The gear 88 is then pulled out 
and the next dwell turned of, etc. Thus, 
any cam whatever can be cut by the machine. 

e machine will ordinarily be driven by 
the hand wheel 80, especially when the stop 
pin 104 is used. 
Having described my invention, what I 

claim as new and desire to secure by Letters 
Patent of the United States is:- 

1. That im Eyes: in the art of cam 
eration which consists in providing a 
E; having E"E. ble points cor responding to the dw of the cam to be 
formed, said points being connected E. 
curves, generating the dwells on the work 
piece from the points, and generating the 
transition curves of the cam between the 
dwells from the curves on the pattern. 

2. That improvement in the art of cam 
generation which consists in generating a 
curve of finite length on the 5 

and work yary in a 

in succession along anodel wheel and tool respectively, 

(Sri model having face plate, but it 
first drop in the fall, and generati top EF 

... generation w 

characteristics will appear in the work. 

1,507,741 

ing curve on the work piece from a curve 
offinite length on the pattern. . 

8. That improvement in the art of cam 
generation which consists in mounting a pat 
tern, and a work piece in a pattern, copying 

e, and moving then relatively to the 
model wheel and tool at different SO that the corresponding parts of the pattern 

in angular extent, 
4. That improvement in the art of cam 

generation which consists in placing a pat 
tern and work piece in a pattern copying 
machine, and rotating them relatively to the 

erota 
said objects being intermit on of one of 

5. That itEyes in the art of cam 
generation which consists in providing a 

portions corresponding to the 
critical points accurately otted, and joined 
by curves of substantially constant rise or 

the transition curves 
between the of the cam E. superposing a curve of easy starting an 
stopping characteristics upon the said curves 
of rise or fall. . . 

6. EYs in the art of cam 
model having portions Egg to the critical points accurately plotted, and joined 
by curves of substantially constant rise or 
fall, and generating the transition curves be 
tween the critical points of the cam by longi 
tudinally relatively displacing the points of 
the sai E. of rise a E. to Edue curves of easy starting an Ppling - 

7. That Eyes; in the art of cam generation, w 
model having curves of approximately uni 
form curvature and superposing upon said 
curves in the reproduction a curve having 

embodied in the model whereby the said 
8. In a machine of the class described, a 
holdend mechain for effecting rels 

tive traverses between the members of each 
of said pair of instrumentalities, and a 
variable motion mechanism between the two 
pairs whereby, one relative traverse, may be interrupted while the other proceeds. 

9. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effecti 
relative movement of the model ES 
around the model holder and of the tool 
around the work, said movements having a 
variable ratio of angular velocities. 

10. In a machine of the class described, a 
model wheel aid tool, a model holder and 
work holder, and mechanism for effecti 

modelwheel and a model holder; a tool, and 

iece from relative movement of the model wh 

ich consists in providing a 
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around the work, one of said movements be 
ing intermittent, but of the same average angular velocity as the other. 

11. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effectin 
relative movement of the model wh 
around the model holder and of the tool 
around the work, one of said movements be ing intermittent. 

12. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effectin 
Jrelative movement of the model whee 
around the model holder and of the tool 
around the work, one of said movements be ing discontinuous. 

13. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effectin 
relative movement of the model whee 
around the model holder and of the tool 
around the work, said movements having dif 
ferent (but the same average) angular ve 
locities. 

14. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effectin 
relative movement of the model whee 
around the model holder and of the tool 
around the work, said movements occurring 
in cycles, and the angular velocity of the 
first said movement differing from that of 
the second in every cycle. 

15. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effectin 
relative movement of the model whee 
around the model holder and of the tool 
around the work, comprising a prime mover, 
and drives connected thereto for effecting 
the two said movements, one of said drives 
having an intermittent motion mechanism to 
alter its relation to the movement of the 
prime mover. 

16. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effecti 
relative movement of the model whee 
around the model holder and of the tool 
around the work, comprising a prime mover, 
and drives connected thereto for effecting 
the two said movements, one of said drives 
having an automatic variable motion mech 
anism to alter its relation to the movement 
of the prime mover. 

17. In a machine of the class described, 
four primary instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting rela 
tive traverses between said instrumentalities 
in pairs, comprising a prime mover, a drive 
between the prime mover and an instrumen 
tality of each pair, one of said drives com 

7 

is, a worm wheel and sliding worm to vary the uniformity of the drive. 
18. In a machine of the class described, 

four primary instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
airs, comprising a prime mover, a drive 
tween the prime mover and an instrumen 

tality of each pair, and a device for aug 
menting and retarding the action of one of 
said drives in timed relation to the other. 

19. In a machine of the class described, 
four PE. instrumentalities, viz, a model wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
airs, comprising a prime mover, a drive 
tween the prime mover and an instrumen 

tality of each pair, one of said drives com 
prising a worm and worm wheel, and means 
for moving said worm in the direction of its 
axis to vary the speed of the drive. 

20. In a machine of the class described, four primary instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
pairs, comprising a prime mover, a drive 
between the prime mover and an instrumen 
tality of each pair, one of said drives com 
prising a worm and worm wheel, and means 
for moving said worm in the direction of 
its axis in timed relation to the other drive 
to vary the speed of the drive. 

21. In a machine of the class described, 
four PE instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
pairs, comprising a prime mover, a drive be 
tween the prime mover and an instrumen 
tality of each pair, one of said drives com 
prising a worm wheel and sliding worm to 
vary the uniformity of the drive, and a cam 
for sliding said worm in the direction of its 
XS, 

22. In a machine of the class described, 
four primary instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
airs, comprising a prime mover, a drive 
etween the prime mover and an instrumen 

tality of each pair, one of said drives com 
prising a worm constructed and arranged 
to slide in the direction of its axis, and a cam 
constructed and arranged to slide the worm 
during a certain revolution by an amount 
e to its lead during such, revolution, whereby the corresponding drive may be 
stopped during the activity of the cam. 
23. In a machine of the class described 

four primary instrumentalities, viz, a model 
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wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
pairs, comprising a prime mover, a drive 
between the prime mover and an instrumen 
tality of R pair, one of said drives com 
prising a worm constructed, and arranged to 
slide in the direction of its axis, a can 
mounted on the worm, and an element en 
gaging the cam to slide the worm. 

24. In a machine of the class described, 
four primary instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
airs, comprising a prime mover, a drive 
tween the prime mover and an instrumen 

tality of each pair, one of said drives con 
prising a worn constructed and arranged to 
slide in the direction of its axis, a spiral 
cam mounted on the worm body and having 
a lead equal to that of the worm, and a cam 
roll mounted on the frame of the machine 
to cooperate with the cam. 

25. In a machine of the class described, 
four primary instrumentalities, viz, a model 
EEE a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
pairs, comprising a prime mover, a drive 
between the prime mover and an instrumen 
tality of each pair, one of Said drives con 
prising a worm constructed and arranged to 
slide in the direction of its axis, a spiral 
cam mounted on the worm body and having 
a portion, with a lead equal to that of the 
worm and a return portion connecting the 
ends of the said equal-lead portion whereby 
the worm may drive its worm wheel inter 
mittently at normal average velocity. 

26. In a machine of the class described, 
four primary instrumentalities, viz, a model 
wheel and tool, a model holder and work 
holder and mechanism for effecting relative 
traverses between said instrumentalities in 
airs, comprising a prime mover, a drive 
Eye the prime mover and an instrumen 
tality of each pair, said drives being ar 
ranged to transmit the same average veloc 
ity to their driven instrumentalities, one 
drive comprising a worm arranged to move 
in the direction of its axis to vary the uni 
formity of its drive. 

27. A cam generating machine comprising 
a model wheel and a model having isolated 
points plotted on it corresponding to the 
dwells of the cam, and curves of substan 
tially constant rise or fall connecting the 
said points in order, a tool and a work holder, 
means for driving the work holder, means 
for driving the model in timed relation to 
the work holder and a device for holding the 
model wheel on a said point of the model 
while a corresponding dwell is cut on a work 
piece held by the work holder. 
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28. A cam generating machine comprisin 
a model wheel and a model having isolat 
points plotted on it corresponding to the 
dwells of the cam, and curves of substan 
tially constant rise or fall connecting the 70 r. 
said points in order, a tool and a workholder, 
means for driving the work holder, means 
for driving the model in timed relation to 
the work holder, a device for holding the 
model wheel on a said point of the model 
while a dwell is cut on a work piece held by 
the workholder, and means for Puig 
with the movement due to the said curves a 
modifying movement to shape transition 
curves between dwells on the work piece. 

29. A cam generating machine comprising 
a model wheel and a model having isolate 
points plotted on it corresponding to the 
dwells of the cam, and curves of substan 
tially constant rise or fall connecting the 
said points in order, a tool and a workholder, 
means for driving the work holder, means 
for driving the model in timed relation to 
the work holder, a device for holding the 
model wheel on a said point of the model 
while a dwell is cut on a work piece held 
in the work holder, and means for feeding 
the said curves of substantially constant rise 
or fall over the model wheel at a non-uni 
form speed to shape transition curves of 
predetermined clharacteristics between dwells 
on the work piece. 

30. A cam gig machine-comprisin 
a model wheel and a model having isolate 
points plotted on it corresponding to the 
dwells of the cam, and curves of substan 
tially constant rise or fall connecting the 
said points in order, a tool and a work holder, 
means for driving the work holder, means 
for drivin 
the work holder, a device for holding the 
model wheel on a said point of the model 
while a dwell is cut on a work piece held in 
the work holder, said means comprising a 
worm arranged to move parallel to its axis 
while rotating, and a can arranged on the 
worm body and having a lead equal to the 
worm-lead to effect said movement. 

31. A cam generating machine comprising 
a model wheel and a model having isolated 
points plotted on it corresponding to the 
dwells of the cam, and curves of substan 
tially constant rise or fall connecting the 
said points in order, a tool and a work holder, 
means for driving the work holder, means 
for driving the model in timed relation to 
the work holder, a device for holding the 
model wheel on a said point of the model 
while a dwell is cut on a work piece held in 
the work holder, said means comprising a 
worm arranged to move parallel to its axis 
while rotating, a cam arranged on the worm 
body and having a lead equal to the worm 
lead, to effect said movement, and a second 
can connected and arranged to compound 

the model in timed relation to. 
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a non-uniform axial movement in the oppo 
site direction with the rotary movement of 
the worm. 

32. A cam generating machine having a 
model wheel, tool, model holder and work 
holder, means for effecting relative traverses 
between the said four instrumentalities in 
pairs whereby a model contour may guide 
the tool and mechanism for compounding 
with the -model contour a contour havin 
predetermined characteristics not embodi 
in the model itself. 

33. A machine for generating cams com 
rising a tool, a work holder, and a model E. arranged to guide a relative traverse 

of the tool over the work by means of the 
model and means for unequally spacing, in 
a direction transverse to the direction of 
cam pressure, points on the work reproduced 
from points equally so spaced in the model. 

34. A machine for g peripheral 
cams comprising a tool, a work holder and 
a model arranged to guide the tool around 
the work by means of the model periphery, 
and mechanism for equally angularly spac 
ing points in the work reproduced from points unequally angularly spaced in the 
model. 

35. A cam generating machine having a 
model wheel, tool, model holder and work 
holder, means for effecting relative trav 
erses between the said four instrumentalities 
in pairs whereby a model contour may guide 
the tool, and mechanism for relatively dis placing perpendicularly to the direction of 
cam action the points on the work piece as 
compared with the model points from which 
they were reproduced to form a curve of 
gradual starting, and stopping character 
istics on the work piece. 

36. A cam generating machine having a 
model wheel, tool, model holder and work 
holder, means for effecting relative trav 
erses between the said four instrumentali 
ties in pairs whereby a model contour may 
guide the tool, and mechanism for com 
bounding with the model contour a contour 
avin redetermined characteristics not 

embodied in the model itself, said mech 
anism comprising a cam for adding to the 
normal movement of one of the four first 
named instrumentalities a component hav 
ing the characteristics, it is desired to com 
pound with the model contour. 

37. A cam generating machine having a 
model wheel, tool, model holder and work 
holder, means for effecting relative trav 
erses between the said four instrumentali 
ties in pairs whereby a model contour may 
guide the tool, and mechanism for com 
Rising with the model contour a contour 
aving predetermined characteristics not 

embodied in the model itself, said mech 
anism comprising a worm wheel and a worm 
arranged to slide along the direction of its 

axis, and a cam having the said character 
istics constructed and arranged to slide the 
worm, and impart the said characteristics 
to the movement of the worm wheel. 

38. A cam model in which the dwells of 
the cam are represented only by isolated 
points. 

39. A can model in which the dwells of 
the cam are represented only by isolated 
E. and in which the transition curves 
tween the dwells are represented by curves 

of substantially uniform rise or fall join 
ing the points. 

40. A cam model having the points corre 
sponding to the i. accurately plot 
ted on it, said points being joined by curves 
of substantially uniform rise and fall. 

41. A cam model in which the transition 
curves between the dwells of the cam are 
represented by curves of substantially uni 
form rise or fall joining the portions corre 
spgding to the dwells. 

42, Alcam model consisting of isolated points at generally different distances along 
the direction in which the cam drives its 
cooperating member, said points being 
joined by arcs of circles. 

43. A peripheral cam model consisting of 
isolated points at generally different radial 
distances from the center, joined by arcs 
of circles having their centers near the center 
of the model. 

44. A model for a cam generating ma 
chine comprising a face plate having means 
for adjustably attaching separable guides, 
and separable guides arranged to cooperate 
with said face plate to form a model pe 
riphery and to engage the model wheel of a 
cam generating machine. 

45. A model for a cam generating ma 
chine comprising a face plate having slots, 
studs adjustable in said slots, and separable 
guides connecting said studs to form the 
model periphery. 

46. A model for a cam generating ma 
chine comprising a face plate having radial 
slots, studs adjustable in said slots, and 
guides adjustable with the studs and con 
necting them two by two to form the model 
periphery. 

47. A model for a cam generating ma 
chine comprising a face plate having slots 
studs adjustable in said slots, said studs and face plate being constructed and arranged 
to cooperate with members of a set of in 
terchangeable guides to form the model 
periphery. 

48. A model for a cam generating ma 
chine comprising a face plate having radial 
slots, studs adjustable in said slots, and a 
separable guide constructed and arranged 
to cooperate with the model wheel and con 
necting two of said studs to form the model 
periphery. 

49. A model for a cam generating ma 
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chine comprising a face plate having radial 
slots, studs adjustable in said slots, and a 
sector mounted adjustably in the face plate 
and having a radial slot, whereby said slot 
may be used in connection with either of the 
adjoining slots to locate a model arc. 

50. A nodel for a calm generating ma 
chine consisting of a face plate having sec 
tors relatively angularly adjustable, each 
of said sectors having a radial slot, studs 
adjustable in said slots and separable 
guides connecting said studs to form the 
model periphery. 

51. A model for a cam generating ma 
chine consisting of a face plate having sec 
tors relatively argularly adjustable, each of 
said sectors having means for radially ad 
justably attaching a guide constructed and 
arranged to act as the model periphery. 

52. In a machine of the class described, a 
model holder, a work holder, a model guide 
and a tool, and means for relatively rotat 
ing the model relatively to the guide and 
the work relatively to the tool, correspond 
ing points of contact on the model and work being differently angularly spaced. 

53. In a machine of the class described, a 
model holder, a work holder, a model guide 
and a tool, and means for relatively rotat 
ing the model relatively to the guide and 
the work relatively to the tool, correspond 
ing points of contact on the model and 
work being differently angularly spaced, 
comprising a gearing between the pairs of 
said relatively rotating instrumentalities. 

54. In a machine of the class described, a 
model holder, a work holder, a model guide 
and a tool, and means for relatively rotat 
ing the model relatively to the guide and 
the work relatively to the tool, correspond 
ing points of contact on the model and work being differently angularly spaced, compris 
ing a gearing for driving the model in defi 
nite cycles and a gearing having a member 
the number of whose teeth is a direct meas 
ure of the angular movement of the work 
corresponding to a cycle of movement of the 
model. 

55. A machine for generating cams com 
prising a tool, a work holder, and a model 
holder, arranged to guide a relative trav 
erse of the tool over the work by means 
of the model and means for circumferen 
tially proportionally spacing, at any desired 
ratio, points on the work as regards the 
corresponding points of the model. 

56. A machine for generating cams com 
prising a tool, a work holder, and a model 
holder, arranged to guide a relative trav 
erse of the tool over the work by means of 
the model, comprising means for rotating 
the Inodel and work at a constant angular 
velocity ratio, other than unity. 

57. A cam generating machine compris 
ing a model guide and a model consisting 
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of a succession of curves of substantiall 
uniform rise or fall, a tool and a work hold 
el', and means for effecting relative cir 
cumferential traverses between the members 
of the said respective pairs of instrumen 
talities constructed and arranged to repro 
duce a curve on the model into a curve of 
differing angular extent in the work. 

58. A can generating machine compris 
ing a model guide and a model consisting 
of a succession of curves of substantiall 
uniform rise or fall, a tool and a wor 
holder, and means for effecting relative cir 
cumferential traverses between the mem 
bers of the said respective pairs of instru 
mentalities constructed and arranged to re 
produce a curve on the model into a curve 
of differing linear extent in the work. 

59. A can generating machine compris 
ing a model wheel and a model having iso 
lated points plotted on it corresponding to 
the dwells of the cam, and curves of sub 
stantially constant rise or fall connecting 
the said points in order, a tool and a work 
holder, and means for driving the work 
holder and model relatively to the tool and 
model wheel in timed relation with per 
missive holding of the model wheel on a 
said point of the model while a correspond 
ing dwell is cut on a work piece held by the 
work holder. 

60. A cam generating machine compris 
ing a model wheel and a model having iso 
lated points ploted on it corresponding to 
tne dwells of the cam, and curves of sub 
stantially constant rise or fall connectin 
the said points in order, a tool and a E. 
holder, and means for driving the work 
holder and model relatively to the tool and 
model wheel in timed relation with permis 
sive holding of the model wheel on a said 
point of the model while a corresponding 
dwell is cut on a work piece held by the 
work holder, comprising means for feeding 
the said curves of substantially constant rise 
or fall over the model wheel at a non-uni 
form speed to shape transition curves of pre 
determined characteristics between dwells 
on the work piece. 

61. That improvement in the art of cam 
generation which consists in accurately plot 
ting points on the model corresponding to 
the dwells desired in the cam and connect 
ing them by arbitrary curves which are sim 
ple considered relatively to the transition 
curves desired on the work. 

62. That improvement in the art of cam 
generation which consists in accurately plot 
ting points on the model corresponding to 
the dwells desired in the cam and connecting 
them by arbitrary curves which are simple 
considered relatively to the transition curves 
desired on the work, and generating from 
said arbitrary curves transition curves hav 
ing desired characteristics, 
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63. That improvement in the art of cam 
generation which consists in using as a 
model a curve which is of relatively uni 
form curvature as regards the cam to be 
formed, and compounding with the said 
curve a curve having desired characteris 
tics, as for example, those of easy starting 
and stopping. 

64. That improvement in the art of cam 
generation which consists in measuring off 
the proper distances from the model center 
to the dwell points, holding the model mo 
tionless in the pattern copying machine dur 
ing the generation of the dwells in the work, 
and rotating the model from one dwell point 
to the next to generate the transition curves 
in the work. 

65. A cam model in which the dwells are 
represented only by isolated points and in 
which the transition curves between the 
dwells are represented by curves of substan 
tially uniform curvature joining the points. 

66. A cam model in which the dwells are 
represented only by isolated points and in 
which the transition curves between the 
dwells are represented by curves of simple 
character considered relatively to the cor 
responding portions of the work, joining the 
points. 

67. A cam generating machine compris 
ing model wheel, tool, model holder and 
work holder, arranged to guide the tool 
around the model periphery by the contact 
of the model wheel and model, and a control 
for compounding with the model periphery 
a curve of predetermined characteristics. 

L 

68. A cam generating machine compris 
ing model wheel, tool, model holder and 
work helder, arranged to guide the tool 
around the model periphery by the contact 
of the model wheel and model and a control 
comprising a variable rotation device for 
compounding with the model periphery a 
curve of predetermined characteristics. 

69. A cam generating machine comprising 
model wheel, tool, model holder and work 
holder, arranged to guide the tool around 
the model periphery by the contact of the 
model wheel and model, and a control for 
deforming the model periphery in the work 
to produce characteristics not present in the 
model periphery. 

70. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effecting 
movement of the model wheel relatively to 
the model holder and of the tool relatively 
to the work, one of said movements being 
intermittent, but of the same average veloc 
ity as the other. 

71. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effecting 
movement of the model wheel relatively to 
the model holder and of the tool relatively 
to the work, said movements occurring in 
cycles, those of successive cycles having dif 
ferent relative angular velocities. 
In testimony whereof I have signed my 

name to this specification. 
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63. That improvement in the art of cam 
generation which consists in using as a 
model a curve which is of relatively uni 
form curvature as regards the cam to be 
formed, and compounding with the said 
curve a curve having desired characteris 
tics, as for example, those of easy starting 
and stopping. 

64. That improvement in the art of cam 
generation which consists in measuring off 
the proper distances from the model center 
to the dwell points, holding the model no 
tionless in the pattern copying machine dur 
ing the generation of the dwells in the work, 
and rotating the model from one dwell point 
to the next to generate the transition curves 
in the work. 

65. A cam model in which the dwells are 
Eed only by isolated points and in 

which the transition curves between the 
dwells are represented by curves of substan 
tially uniform curvature joining the points. 

66. A cam model in which the dwells are 
represented only by isolated points and in 
which the transition curves between the 
dwells are represented by curves of simple 
character considered relatively to the cor 
responding portions of the work, joining the 
points. 

67. A cam generating machine compris 
ing model wheel, tool, model holder and 
work holder, arranged to guide the tool 
around the model periphery by the contact 
of the model wheel and model, and a control 
for compounding with the model periphery 
a curve of predetermined characteristics. 

L. 

68. A cam generating machine compris 
ing model wheel, tool, model holder and 
work holder, arranged to guide the tool 
around the model periphery by the contact 
of the model wheel and model and a control 
comprising a variable rotation device for compounding with the model periphery a 
curve of predetermined characteristics, 

69. A cam generating machine comprising 
model wheel, tool, model holder and work 
holder, arranged to guide the tool around 
the model periphery by the contact of the 
model wheel and model, and a control for 
deforming the model periphery in the work 
to produce characteristics not present in the 
model periphery. 

70. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effecting 
movement of the model wheel relatively to 
the model holder and of the tool relatively 
to the work, one of said movements being 
intermittent, but of the same average veloc 
ity as the other. 

71. In a machine of the class described, a 
model wheel and tool, a model holder and 
work holder, and mechanism for effecting 
movement of the model wheel relatively to 
the model holder and of the tool relatively 
to the work, said movements occurring in 
cycles, those of successive cycles having dif 
ferent relative angular velocities. 

In testimony whereof I have signed my 
name to this specification. 

LAURENCE E. TOPHAM. 
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line 40, after the word "reduced" insert a comma; same page, line 63, after the 
article "the" insert the word "hollow"; page 6, line 23, strike out the words 
"drop in the"; page 10, line 16, claim 51, for the misspelled word "argularly" 
read "angularly", and line 99, claim 60, for the word "piloted" read "plotted"; 
and that the said Letters Patent should be read with these corrections therein 
that the same may conform to the record of the case in the Patent Office. 
Signed and sealed this 28th day of June, A. D. 1927. 

M. J. MOORE, 
Seal. Acting Commissioner of Pateats. 


