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~  CHINERY CORPORATION, OF PATERSON, NEW JEBSEY, A CORPORATION OF NEW -

CAM-GENERATING MACEINE.

Ayplication led November 19, 1031, Serial No. 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 agdirnst a model
wheel or guide and tool respectively, 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 cam 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
cam 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
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 mecianism. 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 cam
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 jJar, 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,
'

with greater simplicity or ease, and at much

smaller e than is possible under the
practice existing prior to the present inven-
tion. \To this end I contemplate using a
pattern having only single points corre-

‘sponding to the several cam dwells accu-

55

rately positioned, and using only these .

points in the generation-of the several cor-
responding  dwells. These 'poirits 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 approximste them) and which

are used to geénerate 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 maling of the model
is an extremely economical matter.

As herein exemplified, in another impor-

tant aspect the invention resides in com-

pounding with the above-mentioned curves

§on 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 cam. I con-
template the mechanical compounding with
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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 %mving arbitrary characteristics as
those of easy starting and stopping. Con-
sidering the invention in its machine aspect,
in the illustrated embodiment of the in-
vention 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
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 equall spa.oed 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. r.
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
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wheel and worm for driving the pat-
tern. The worm is a sliding worm which
moves tangentially along i1ts motionless
worm wheefdurin 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, Euving the same lead as the
worm 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-
Elates 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 moﬁ
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 model. In this aspect of
the novel method of cam cutting herein dis-

+
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closed, the desireu result is &ractically ac-
complished by a system of change geari

between the model and work so that, for
example, & 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 cam 180° in operative periph-
ery were to be cut, the whole 360° of the
model could be used to cut it, by means of
& 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-
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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 fins’o.r bushings or
the like can be accurately positioned to cor-

respond to the carefully located dwell or

critical points, in connection with which
ping 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

8 rotary movement.

The invention in these and other uﬁects
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 cam 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 them;

Fig. 4 is a section on line 4—4 of Fig. 3;

Fig. 5 iz a plan; L

Fig. 6 is a development similar to Fig. 2
but in another position; .

Fig. 7 is an elevation of a universal model;

Fi%. 8 is a section on the line 8—8 of

Fig. 7;

%‘ig. 9 i3 a detail of the other side of the
mechanism shown in Fig. 7;

Fig. 10 is a detail OF the sliding worm
construction.

The side lasting machine of application

20

95

100

105

110

s

120

125.

130



" was in the

30

40

43

58

60

'Fig.. 40 of application Ser.

. cyel
duty

1,897,741

Ser. No. 687,749, above mentioned, in_con-
nection with which the illustrated embodi-
ment of the present invention was developed
was constructed to insert eloven stitches in

the shoe. The cam used gmmbered 138,
Yo. 637,749) to
contiol the jack was a flat disk having
cam surface on its periphery. '

was assigned 33° of the cam.
of the camn was to get the jack into
poaition and hold it there over two-thirds
of the stitch cycle, during which the needle
shoe, and then to move the jack
to the next tion, The eleven

cles used 352° of the cam 1
were used to return the jack to initial
sition. The improtant parts of the cam 2
therefore the 2114° or %§ cycle dwells whi
ho%d the jack .uringf ﬂ:é sti
only thing required o , other 14 cycles
was that they move the jack to next
position wi _jar, the motion being

otherwise immaterial.
The master cam or g:ttam for the cam
cutting machine may be developed as fol-
lows. The dwell points are accurately lo-
cated overy 82° around the paitern by any
convenient method. A practical way is to
putahstintothema&m’ ine and turn the
machine and move the jack by hand, mark-
ing the critical positions of the cam-roll
on & blank. About half of the}mwem is
shown in Fig. 1. The center of the pat-
tern is at A. 'l‘hsdwellTR:intenrepl
on the plate. points 1, 2, 8,
etc. are %mgm or-xt_tha dt:;win asthin the
COrrespon positions taken by the cen-
ter of the cam roll. The model wheel also
uently designated as “follower,” “model
guide,” or “leader”, used in the re i

¥

machine is shown at 10 (see any of the po-.

gitions 10—1, etc., in Fig. 1). It is an mm-
portant object of the g:esent inveation to
use these plotted .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 genérate the transitional
14 cycles of the cam. Since these % cycles
do not have to satisfy sny rigid conditions,
the pattern outline een the eﬂgt& 1,
2, 8, etc., can be filled in in any d con-
venient way. The ideal path between two
consecutive points is a piece of an Archi-
medean spiral, but this ig more expensive to
produce than the simpler circular are which
was adopted and which furnishes a close
approximation to & path of uniform rise
or fall per d around the cam. The

ttern 1s then laid on s 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.

otted to rotate wi

These arcs are shown in Fig. 1, in connee-
tion with the successive wheel -
tions, They are all lettered B with su
indicating the critical points to which they
belong, ss B—2—38, the arc ondi
to the points and 3. Thess arcs are, o

the course, drawn through the periphery :lflﬂm

model wheel so that its center can fall on
the points 1, 2, etc., as shown in Fig. 1. The
centers of the arcs are simply ma 1—32,
8—4, etc.  The circle 12 drawn about the
point A or center shows how the cam rises

and falls. The pattern is thus generated at
ve%smn.ll expense. .
') .mm thus generated is in
the shown'in Figs. 8, 4 and 8. The
base 14 is equip with a rib or guide 18,
which the 17 of the machine can

u
s]gg: back and fo being pulled in one
direction by the wei‘ght 18. ’ma bhody has
& bearing in which is mounted a hollow
shaft 20, on one end of which is mounfed
the Rnttem B, in any convenient way. This
ghaft is driven by & worm wheel 22
Mounted inside the hollow shaft is & sec-
ond shaft 24, having & worm wheel 26 and
an an ﬁﬂyn graduated ptll.ht: Wﬂllmyed on
one end, the latter cooperating with a point-
er or index 27 mounted on the fran?: 17.
On the other end of the shaft (toward the
obeerver in Fig. 3 though not shown there
in order to disclose the other mechanism
more clearly), is mounted the work piece C
ith it. The pattern and work
piece are :Enced by
arranged that thetg are not tightly clamped
together, so that the shafts 20 and 24 can ro-
tate independently.

Mounted in the body 17 is the main drive
shaft 20, having & hand wheel 30, & pul-
ley 81, & worm 88 to drive the worm w
26 and a splined pinion 38 meshing with
an idler pinion 24, on an arm 33 pivotally
mounted on a shaft 86 mounted in the
frame 17. The spline permits ready disen-
gagement of the pinions 33 and 34. A two-
armed bell crank 87 is also pivotally mount-
ed on the shaft 386, and one of its arms
is clamped by a slot and bolt at 388. The
other arm of the bell crank 37 carries pin-
ions 89, 40 laefed 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 20 and
86. Tho shaft 36 also carries a long pinion

‘44, The shaft 29 will thus drive the shaft

86 and the work shaft 24 continuously.

A ghaft 46 is mounted in the body 17 and
has rotatably and elidably mounted on it
& sleeve having a worm 48 on one end, &
cylindrical cam member 50 and a gear 51
meshing with the pinion 44 on the other.
The worm drives the worm-wheel 22 on
the pattern shaft 20, and the cam engages

a collar 281’ which is so

T

15

9%

108

110

115

120

125

180



10

15

410

- work, The non-uniform

. npon

®,
3

&F
EE?E

50, and the cam 88 fills out the
'he model wheel 10 (Figa. 8
mounted on & stud mounted on the
and the cutter 60 is mounted opposite
both in itions opposite the pattern
snd wo iece respectively.
weight 18 will hold the up
themodelwhegl,andtg:cntter ill cut
correspendingly into the work piece.
When the pulley 31 is driven, the whee]
26, shaft 24 and work piece C are driven
continuously, and the
arrangement is such that while the
rotates through 32°, the worm 48 will
one complete revolution. The lead of the
worm 48 is such that the wheel 22 also ro-
tates 32° in one revolution of the woi.
This rotation is, however, intermittent.
ing the first two-thirds of the cycle, the
“gtraight” cam 54 of the cam 050, having
the same lead ss the worm 48, causes the
worm simply to screw to the right in Fig.
3, causing no rotation of the wheel 29
ing the last third of the cycle, the roll

E
.

£
o

¥

work

:

52 and cam 56 return the worm to the.left -

in Fig. 8, carrying the wheel 22 with it,
the movement of the wheel being the sum
of two movements due to ths translatory
and ro movements of the worm during
the one-third cyclee. The wheel 22 thus
moves with non-uniform velocity, i']".fan_
eral, during this part of the cycle. the
worm merely drove it without sliding, it
would move uniformly, and the . curves
B—1—2 etc. would be du&l.l;utod in the
] ve, however,
causes & modification of the curves B—1—2
etc. which can be from eeveral
points of view; it amounts to su i
the curves B of substantially uniform
rise or fali a curve having easy starting and
stopping characteristics; and it is also
equivalent to the relative displacement of
the tgoints of the curves B argund the center
of the cam to form curves of eagy starting
and stopping characteristica.
Returning now to Fige. 1 and 2, the
cutter starts with the model wheel at 10—1,
and the cutter at 80—1. The cutter is
showninF(ilg. 1 a8 larger than the model
wheel in order to keep the work "’dﬁ:g’
tern from confusion in that diagram. .
the figure shows the model wheel and cut-

gearing in the preeent .

1,007,741

the rotation of the wheel ¥2 during the por-
tion- ¢ of the final- one-third iga up to
the instant when the cam foll 53 is at the

is shown st D, and the total time of the

one-third cycle is represented by L.

radial drop from the position &)——1 2/8 to

60—32 is represented by K, the cam T—1-—2

will have ped - :

i _32°

L3

angularly distant from 60—1 2 Sinos

there nee{i be nothing exact abuu{&the cam

sor.txonn T, this relation is close enough to
esign the cam 58 by, even under our ap-

%K at & point

roximate assumption about tha arcs
1—2, etfe. : o

The described cycle is repeated around
the cam as described. The eight de-
grees of the came are cut other means
a8 the machine shown will only with
complete cycles, - .

It is obvious that the 2/3 and 1/3 division

of the cycle may be altered at will by
g‘ropor degign of the cams 54—¥86, and that

o 32° length of cycle can be altered by
proper gear relation between the worm
wheel 22 and worm wheel 26, which can be

"gecured the ch A detailed
descriptigl,; will m.:.lg gi‘:&clurer. 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
beentoeonshuctsmuhinoforgwﬂm
in practizing the invention in its broadest
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aspects. " In.the jllustrated machine the the purposes of the partioular Lawson rob-
gears are as follows: lem desmbed, mdpslots 72 are arrlp
~ 3£88 hag 88 teeth. way between adjscent slots 70, .

89 hag 82 teeth. slots 70 ‘are countersunk &g shown ot 74 to.
340 has 32 testh receive bushinge 76 shaped to fit the. counter-
#41 has 127 teeth sunk portlons and projecting out. thro
#44 has' 15 teeth. tha back.of the p sg shown in Fig. 7.

51 has 44 teeth, Thege bu hreaded for nuts 78, 4
#22 his 45 teeth . A gage pin 80 when placed.in a
#26 hag 187 teeth. serves to adjust it distance from the cen-

48 hag 4 threads, . tral hub 82 by a micrometer. adfust-.
#382 has 1 thmd.6 aont it is clam&ed by the nut 781;15‘1?«(){ washtﬁr

4 . . The pm ds clear o
The ratia == between the- ‘gears 22 and 48 projects on the inside, ,ggshimwn
Figs.. 8 cirenlar segmént 84, in the.

was ad%pted becauso it mm]shﬂod the treat- in

ment of the Lawson problem. Thus qne .
turn of the worm 48 csuses ge 82’
turn of the model. .The gear ratio

the shaft 20 and the worm wheel 22 is

83X82x15%x4 .1
BBX12TK A %45 127

which is the ritio between the shaft 20
(worm 32) ‘and the worm wliesl 26, " {The.
r40xsshownmuchtoosmallmthedm1v~
ing, for the aake of eleam 211 Itxsplanned
ﬂ S pmuti:hat
ig &
fvelom oftho ‘wheel 92 d
cyce or turn o theshafttiﬁto‘that of
whee] 26 inversely with the num-.
ber of testh egear891feve
else’ remums nnchmgod. 'fh

828‘; tarn of the model.
-weré inserted,
77° for every §2°

or ¢
If a 77-boothed glear
work would revolve

ter of ‘the caim, the
gg?xh-ollzdbythe %m‘ﬁbﬁﬁ
when uoes & M
in uwhmmmnhoedmmt&

‘ona

Fxgs.'l,s,l)ahowasetofmodelwppamtus

ved gim le and qonvenient -
in use.: Afa,osp vl:ngndih.lslofs-‘m
as shown ‘in 7
ealots?Olraw%mrtfor

2. as to coincide best wi

gear 89, The ?;xtermeduta
ratlo of the average desired by
a. proper radius, and thus the cam

. Tospon

the
of . end slots 70 would come 8°

ving seri is meocessary. for
bed, thritthomaohmewﬂlcut-

s part of the present mnnhon, 880

shapeofatrouh dha slotssﬁat
tho ends of ite’ bof.toag, )ust";tfing the p

80, is_ mounted on . two adjacen adjusted'

- pins and fasbened by
slot 72t The . wid ti
~ segmént ig

" 10. Themdmsoftho segmentisso chosen

'w 88 throt
ﬁme trough :

spiral -joining the pins 80
to pass through agy one desired
iral ag well ‘as the two en
point cah be sel
the choice of the segment. of tlm-

ding to the center of the

be- displaced from the conter of the co
spong sector, as ig sometimes the prnrf-
tice in constructing

WO&B:

r 89 cauges the: work to re- arm follower, _
In view of wne 82° cycle _adopted in the

dlscusseg y and
£art and would

-specific problem

removed and-the proper segment is placed
_ in - position for the next cycle, " 5 ’
sil(n)lgle tybe de- -

t Thus no outting, even of the
the m

It 18 obvious

didmeéter of the model wheel.

It can'be made-'
t of-

mtcor-.

cams having a pivoted -

100 -

- 106.

110

115

the model " intersect. To meet thig di %
Thedweu artott.he cle.cAn be varied slot 90, boundedbytwomdnmsgadof wO -
in extent,- rognoed oven bo zero a.rallel sides; is cut from-the plate, and a-
if desired (see & h e%hmglc:rcularboes
part 54 und le ? 8. I - the hub. of the -13 mounted im it, -
cam m .eam: k- single glot 96 is ormodmﬂmtouﬂe,which
number of lasdy s ea.nb_ call’ be' swung to either side of :
by forming & nivd “with the-end’ qf and held in position . lrg a pm 98 in holes -
tﬁq cycleg indontm’d lﬂm;d ¥ - 100,102, in th:vgla ngue respectively -
dean ‘spimlb-of"an 'lp'pro tion- thereto -to co-operats mther ﬁdjommg slot 70.
:lllldd'wto n pa.rtsb(:: ‘dpxractl the 1 d-.rea.lleamfull};
@ CAIm prodnce ifference ]us&d, and- ins an: . pro] segmean
tween a uniform rise or fnll and the 84 placed in the- X Acle, wgl%lil is: then
degired. In neml,theenrve on the model - cnt, the model w around the-
is djstorted by having its points moved ir- trough and no weight 18 necessary. -
over arcs of elrcles about. the The inachine is then stopped, the segment

osed cams as illustrated in Fig. 5, as well -

ones.

- The face vlate would be divided into eanal

o practice the invention in its brosdest:
] §-10. aspects,. the machine would preferably be.
18 fnounted.on the pat- constructed as follows —

[ 2]
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such as 80° sectors, for example, and ing curve on the work piece from a curve
ghaert:;.tio between the gears 48 and 22 would of finite length on the pattern.
correspond, as 4 threads to 48 teeth, for the 8. That improvement in the art of cam

ganie example. Thus the model cycle is 80° generation which consists in mounting a pat-

long, and the model turns 80° for every turn tern and a work piece in a pattern copyin
of the shaft 46. A spring impelled stop pin machine, and moving them relatively to the
104 (Figs. 8 and 10) camx‘xgbe incorpo: in model wheel and tool at different speeds so
‘the mncﬁne to stop the shaft at the exact that the corresponding parts of the pattern
end of each revolution. The change gearing and work vary in ungufar‘ extent. ‘
would also be made as before, so that a 4. That improvement in the art of cam
wheel 39 had a number of teeth equal to the generation which consists in placing a pat-
number of degrees turned by the wheal 26 tern and work piece in a paftern copying
during a model cycle. Suppose now that we machine, and rota.tu? them relatively to the

- . wish to cut a cam having in succession along~ model wheel and tool respectively, the rota-

16

" we desire with the spiral.

~can be set up s

" (If this error is pi'ohibitive the spline drive generation w.

its-edge a drop over 27°, a dwell over 34°, lion of one of said objects being intermit-

a drop over 26°, a dwell over 13° etc. We tent. - .. - e

will set up these drops in succession in sue- 5. That mlglrovement in the art of cam

cessive 80° intervals around the face plate as generation which consists .in providing s

above described. ignor‘utzf the dwells. (g‘hese‘ model having portions correspon to. the
u’lso, in the face plate, but it - critical points accurately nplotbed, and joined

ig mot necessary).. We put in a 27 toothed by curves of substantislly. constant rise or

. wheel 89, and turn off the first drop in the fall, and generating the transition curves

drop in t}:ﬁsﬁgt. 9T° Ofxitllllle wﬁﬁﬁﬁthe between the criti po_finte of Bttil:ﬁ;‘tm bﬁ
stop pin falls, the approximate imedean superposing a curve of easy ting an
spigas on the modglpbemg modified by the stopping characteristics upon the said curves
64—66 adopted tooom,ﬁ;)und anything ‘of rise or fall - - .
e pinion 3818 6. That . unglrovemant_ in the art of cam

g 10

15

then pulled out of the train, and the rotation - generation which consists .in providing a

of the work continued over 84° from the £7° model having portions correspon to the
to the 61° point as measured.on the ﬂ;:late 7. critical points accurately plotted, and joined
The pinion 33 is then replaced in the train. by curves of substantially constant rise or
(A aﬁght turn of the shaft 290 may ’ﬁ::;hapa fall, and generating the transition curves be-
be necessary to accomplish this. is-will tween the critical points of the cam by lonigi-
affect the fength of the dwell by less than tudinally relatively displacing the points of
half of : - the said curves of rise or fall to produce

360° ‘ -curves of easy starting and stopping char-

WBO?DSG. lctﬂl'isti@. ’ . ’ .

7. That mglrovement in the art of cam
f the gear 33 may be changed to & clamp) o341 having outves of Lpproximataly s,
of the gear 33 may ang a . I ) -curves of approxima uni-
A 26° gt:)othed gear 89 is inserted an'ﬁngxe form curvature and superposing upoz said
second drop, set up in the second 80° of the curves in the reproduction a curve having

model, is turned off on the 81°-87° interval . certain -predetermined ' characteristics not

of the work. The gear 83 is then pulled out embodied in-the model whereby the said
and the next dwell turned off, etc. - Thus, characteristics will appear in the work.
any cam whatever can be cut by the machine. 8. In a machine of the class described, a
e machine will ordinarily be driven by - model wheel and a model holder; a tool, and
the hand wheel 80, especially when the stop a holder, and mechanism for ‘edectin!g rela-
pin 104 is used. © 7 tive traverses between the members of each
Having described my invention, what 1 of said pair ef instrumentalities, and a
claim as new and desire to secure by Letters variable motion mechanism between the two
Patent of the United States is:— ' pairs whereby one relative traverse may be
1. That improvement in the art of ¢am interrupted while the other proceeds.
generation which consists in providing & 9. In a machine of the class described, a
pattern having aocurat:llg; plotteg points ¢or- model wheel and tool, a model holder and
responding to the dwells of the cam to be work holder, and mechanism for eﬁecti.n%
formed, said points being connected relative movement of -the model whee
curves, generating the dwells on the work around the model holder and of the tool
piece from the points, and generating the around the work, said movements having a
transition curves of the cam between the wariable ratio of angular velocities. ‘
dwells from the curves on the pattern. 10. In a machine of the class described, a
2. That improvement in the art of cam model whéel aiid tool, a’model holder and
generation which consists in -?nemiug 8 work holder, and mechanism for effecti
curve of finite length on the work piece from relgtive - movement of .the model wh
a single point of the pattern, and a follow. around the model holder and of the tool
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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 eﬁ'ecti:g
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
relative 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 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 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-

‘tality of eac

4

prising 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 mecixanism for effecting relative
traverses between said instrumentalities in

airs, comprising & .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 Fumary instrumentalities, viz, & 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 Erime mover and an instrumen-

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 Erime 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 Frimary instrumentalities, viz, s 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-
prisin% & worm wheel and sliding worm to
vary the uniformity of the drive, and a cam
for sliding said worm in the direction of its
axis,

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
Eairs, comprising a prime mover, a drive

etween the prime mover and an instrumen.
tality of eacﬁ 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
er}ual 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,s
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 each pair, one of said drives com-
prising a worm constructed and arranged to
slide In the direction of its axis, a cam
mounted on the worm, and an element en-
gaging the cam to slide the worm.

94. 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
Eetween the prime mover and an instrumen-
tality of each pair, one of said drives com-
prising a worm constructed and arranged to

slide 1n the direction of its axis, a spiral

cam mounted on the worm body and having
a lead equal to that of the worm, and & cam
roll mounted on the frame of the machine
to cooperate with the cam.

925. In a machine of the class described,
four primary instrumentalities, viz, a model
wheelpand‘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 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
getween 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
plece held by the work holder._

1,507,741

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

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 & dwell is cut on a work piece held by
the work holder, and means for comdpounding'
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 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 ssid 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 characteristics between dwells
on the work piece.
30. A cam %enerating 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 cam arranged on the

worm body and having a lead equal to the

worm-lead to effect said movement.

31. A cam generating machine comprising
& 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
cam connected and arranged to compound

the model in timed relation to.
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8 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

redetermined characteristics not embodi
In the model itself.

33. A machine for generating cams com-

rising & tool, a work holder, and a model
golder, 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.

84. A machine for makini 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

adual starting and stopping character-
1stics on the work piece.

36. A cam generating machine having a
model wheel, tool, mode] 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-
younding 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 characteristicsiit 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-
gounding 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

o

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 cam model in which the dwells of
the cam are represented only by isolated
Egints 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 cam-dwells 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-
nggding to the dwells.

' 42. A cam 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 an
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 conneclion with either of the
adjoining slots to locate a model arc.

50. A model for a cam 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 guving 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 diﬂ'erentl{) 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 model 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

1,507,741

of a succession of curves of substantiall
uniform rise or fall, a tool and a work hold-
er, 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 cam 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 wori
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 cam 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, & 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 corrésponding 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 wor
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.

s

68. A cam generating machine compris-
ing model wheel, tool, model holder arnd
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.

LAURENCE E. TOPHAM.
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63. That 1mprovement 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 1mprovement 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.

i1

68. A cam generating machine compris-
ing model wheel, tool, model holder ard
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 maciine 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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