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Es PATENT OFFICE 
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APPARATUS FOR PRODUCING vARYING 
SPEED GEARING - 

Emil J. Hiinsky, Chicago, Ill., assignor to Good 
corporation of Illinois 

This invention relates to methods and appara 
tus for producing varying speed gearing. 
An application Serial. No. 702724, filed by 

William W. Sloane on October 11, 1946, now 
Patent No. 2,585,971, issued February 19, 1952, 
and entitled Improvements in Gearing, discloses 
a new and novel form of varying speed gearing 
in which the Speed variations are attained by 
modifying the gear teeth so the pinion teeth may 
contact the gear teeth along contact lines which 
cross the common center line of the gear and 
pinion at varying points with respect to the tips 
and roots of the teeth of the gear and pinion. 
With this form of varying speed gearing, vary 
ing speed sets of gearing may be produced with 
round gear and pinion blanks and a concentric 
pinion having a standard tooth form, and with 
a round pinion blank having a standard tooth 
form and mounted eccentrically of its center and 
an irregularly-shaped gear blank, as may clearly 
be understood with reference to the aforemen 
tioned Sloane application. . . . . . . . 
The principal object of my invention is to 

provide a novel, simple and efficient method for 
generating varying speed gearing of the types 
disclosed in the aforementioned application with 
a pinion-shaped cutter. . . . . . . . . . 
A more specific object of my invention is to 

provide a new and novel method and device for 
adapting a gear shaper to produce varying speed : 
gears of the foregoing types with a pinion 
shaped cutter, in a continuous operation. . . . 
In carrying out my invention I mount, a pin 

ion-shaped cutter having the same number of 
teeth and of the same tooth form as the pinion 
which will drive the varying speed gear, on the 
cutter spindle of a gear shaper. I also mount 
a gear blank on the work spindle of the gear 
shaper for relative movement with respect 
thereto, and rotatably turn the gear blank on 
the work spindle during the cutting operation 
at a varying speed as the pinion turns at a con 
stant speed, so the gear and cutter will turn 
during cutting at the same varying speed ratio 
at which the finished gear" and pinion are to 
operate. . . - 
These and other objects of my invention will 

appear from time to time as the following speci 
fication proceeds and with reference to the ac 
companying drawings wherein: r 

Figure 1 is a fragmentary plan view of a gear 
shaper with certain parts broken away, and 
Showing. a pinion-shaped cutter in the opera 
tion of cutting a varying speed gear. in accord 
ance with my invention; . . . " 
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Figure 2 is a fragmentary sectional view t 

substantially along line 2-2, of Figure l; 
Figure 3 is a fragmentary horizontal Sectional 

View taken through the gear blank and show 
ing certain details of my invention not shown 
in Figure 1; and . . . . . . . . . . . . 

Figure 4 is a view showing One form of Wary 
ing speed gear which may be: produced by the 
method and apparatus of my invention. . . . . 

In the drawings. I have shown the cutter, 

ken 

work blank, and apron of a gear shaper, which 
may be - of the Fellows type and may include:a 
cutter spindle E having a cutter, mounted 
thereon for reciprocating movement in a vertical 
plane and for turning movement in a horizontal 
plane during the shaping or generating opera 
tion, in the manner usual with gear, shapers of 
the generating type. Said, cutter may be a 
standard form of pinion-shaped cutters and 
should have the same number of teeth withi the 
same-tooth profile as the pinion which will drive 
the finished gear. I have also shown in Figure 
4, a finished varying speed gear. A made from a 
circular gear blank in accordance. With my in 
vention and mounted for rotation about its cen 
ter and shown as being driven from a standard 

mounted for iror 
tation about its center. : . . . . . . . . 
A work spindle 2 is shown as being mounted 

in an apron 3 of the gear shaper for pivotal 
movement with respect thereto in the , usual 
manner. Said work spindle is rotatably turned 
from a lower index wheel (not shown) which 
may be a worm wheel, and said work Spindle 
and apron may yield horizontally during the 
upward or return movement of the cutter , to 
enable the cutter to clear the work during its 
return travel. An adapter 4 is secured to Said 
work spindle for rotation therewith. Said 
adapter in turn has an arbor 5 mounted there 
in and extending upwardly, therefrom, which is 
adapted to have a work table 16 keyed thereto. 
Said work table in turn is adapted to have a gear 
blank filmounted thereon for relative movement 
with respect thereto during cutting On a work 
mandrel 8, it being understood that in the con 
jugate generating of constant Speed gearing the 
cutter and gear blank turn at the same speed 
ratio at which the finished gear and pinion are 
to operate; that is, for a 2:1 ratio the gear blank 
will rotate at half the speed of the cutter. 

A. means is provided for turning the gear blank 
it at a speed which varies with respect to the 
speed of the work table 6, so that the cutter 
and gear blank will rotate, at the same varying 

  

  



2,602,374 
3. 

speed ratio at which the finished gear and pin 
ion are to operate. Said varying speed drive 
means includes a stationary can l9 mounted on 
the arbor 5 beneath the work table 6. Said 
cam has an arm 20 extending outwardly and 
downwardly therefrom and abutting the top of 
the apron 3 and secured thereto by cap screws 
21, 2i. An annular thrust bearing plate 22 is in 
terposed between the bottom of said can and 
the top of the adapter f4, While an annular 
thrust bearing plate 23 is interposed between a 
shoulder 24 of the arbor 5 and an under por 
tion of the cam 9. A flanged bearing member 
25 is also interposed between the center of said 
cam and said arbor and between the bottom of 
the work table 6 and the top of Said cam, to 
permit free rotation of Said adapter, arbor, and 
Work table with respect to said cam. Said can 
is so shaped as to cause relative movement of 
the gear blank 7 with respect to the work table 
6 during the operation of generating the vary 
ing speed gear, so as to move said gear blank at 
the required varying speed during the cutting 
operation, as will hereinafter more clearly ap 
pear as this specification proceeds. 
The cam 9 is engaged by a roller 26 journaled 

On a pivotal pin 2, Secured to and depending 
from the outer end of a lever arm 29 of a bell 
crank 30. Said bell crank has a bifurcated cen 
trol portion and the furcations thereof extend : 
along the upper and lower sides of a bracket 3. 
Said bracket projects outwardly from the Work 
table 6 and said bell crank is pivotally connected 
thereto by means of a pivotal pin 32. An arm 
33 of Said bell crank extends inwardly from said 
pivotal pin along the upper side of said bracket 
and has gear teeth 34 cut integrally With the in 
ner side thereof. The center of the pitch circle 
of said gear teeth is herein shown as being Co 
axial with the pivotal axis of Said bell Crank. 
Said gear teeth mesh with gear teeth 35 herein 
shown as extending outwardly from and as being 
formed integrally with the mandrel 8. The dis 
tance from the contact point of the roller 26 
on the end of the arm 29 with the can 9 to the 
pivotal axis of the bell crank 30 is herein shown 
as being twice the distance from the pivotal axis 
of said cam to the pitch circle of the teeth 34 
on the end of the arm. 33. Also, the angular ra 
tio between the teeth 34 on the arm 33 of the 
'bell crank 30 and the teeth 35 on the mandrel 
f8 is herein shown as being a 2:1 ratio, giving 
a final angular ratio from the roller 26 to the 
center of the gear blank of 2:1. It should be 
understood, however, that various other ratioS 
may be used if desired. 
A means is provided to take up backlash be 

tween the teeth 34 and 35 and to yieldably hold 
the roller 26 in engagement with the face of the 
cam 9. Said means is herein shown as being a 
weight 39 depending from the free end of a 
flexible cable 40. Said cable is trained over a 
sheave 4 mounted on a bracket 42 Secured to 
and extending upwardly from an outer upright 
lip 43 of the apron f3, and extends inwardly 
from said sheave and is wrapped around a Spiral 
groove 44, formed in the outer periphery of the 
mandrel 8. A machine screw 45 threaded in said 
mandrel is provided to secure the inner end of 
said cable to said mandrel. Said weight thus 
exerts a tension on said flexible cable sufficient 
to take up backlash between the gear teeth 34 
and 35 and to yieldably hold the roller 26 in en 
gagement with the face of the cam 9, So Said 
roller will follow said cam and move said bell 
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4. 
crank and said mandrel relatively to said work 
table, as said cam varies from the form of a 
true circle. 
The form of the cam 9 may be determined by 

the movement or displacement of the roller 26 
on the end of the lever arm 29 of the bell crank 
30 necessary to move the gear, blank if 1 with re 
spect to the work table 6 at the required vary 
ing speed, so the varying speed ratio between 
said gear blank and the cutter f will be the 
Same as the varying speed ratio at which the 
finished gear and pinion are to rotate. As for 
example, when it is desired to cut a varying speed 
gear like the gear shown in Figure 4 of the draw 
ings, the form of the cam 9 may be determined 
from the speed ratio curve of the finished gear 
and pinion like the illustrative form of speed 
ratio curve shown in Figure 5 of the drawings of 
said aforementioned Sloane application. The 
cam, 9, herein shown, has been calculated from 
Such a speed ratio curve and the gear being cut 
from the blank 7 will be like the gear shown in 
Figure 1 of Said application. The points on the 
curve of the can may be determined by measur 
ing the area of the curve from its starting point 
to the pinion position being considered. When 
this area is multiplied by a suitable constant de 
termined by the scale of the ordinate and abscis 
sa, of the curve, the angular positions of the lever 
arm 29 of said bell crank will be obtained for 
each pinion position. When these angular posi 
tions... are translated to linear dimensions the 
true displacement of said lever arm may be de 
termined for each pinion position, in a manner 
well known to those skilled in the art, so not 
herein shown or described. It is, of course, readi 
ly apparent that various forms of cams calculated 
from various other desired Speed ratio curves will 
produce Other forms of varying Speed gears than 
are described herein, to meet various desired re 
quirements. . . . . - 
In the illustrative form of my invention just 

described, the varying speed gear and pinion 
rotate about axes concentric with their centers. 
When, however, it is desired to have a greater 
variation in speed than may be obtained from a 
concentric gear and pinion, the Cutter may 
be mounted eccentrically of its center on the 
cutter spindle O With the same degree of eccen 
tricity that the finished pinion driving the fin 
ished varying speed gear will have, as has been 
described in the aforementioned Sloane applica 
tion. The cutter will turn at a constant speed 
and its tooth profiles will be the same as the tooth 
profiles of the eccentric pinion which will drive 
the finished gear. The shape of the cam which 
will cause the gear blank to turn at the correct 
Varying speed may be obtained from the desired 
Speed ratio curve of the gear and pinion, as pre 
viously described. The cutter and gear blank may 
then be turned at the same varying speed ra 
tio. during the cutting operation at which it is 
desired that the finished gear and pinion rotate, 
with the result that a varying speed gear of a 
form similar to that shown in Figure 6 of Said 
aforementioned Sloane application may be at 
tained. Where the cutter is mounted eccentri 
cally of its center, the gear blank will be of an 
irregular form, while the gear blank will have a 
circular Outer periphery, where the cutter ro 
tates concentrically of its center. 

In generating the varying speed gear from the 
gear blank 7, the apron of the gear shaper may 
be swung outwardly away from the cutter spindle 
and the cam 9 may first be secured to the apron 
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of the gear shaper, coaxial with the arbor f3, by 
the cap screws2.f., 2 f. The work table 63and the 
Imandrel 8 may then be placed on said arbor, 
with the teeth 34 meshed. With the teeth 35. The 
roller. 26 On the end of the lever arm 29 of theibell 
crank 30 may also be engaged with the Surface 
‘of Said can. Backlash between the teeth 34 and 
35 may be taken up and said roller may be held 
in engagement with said: cam, by means of the 
hanging weight:39 on the end of the cable 4), 
wrapped around said 'Inandreland trained over 
the sheaves. The gear blank:f 7:which will be 
circular when generating the form. of varying 
Speed gear. shown in Figure 4 of the drawings, 
may then be secured to said: mandrel aS; by cap 
screws 46,46. The cutter fibeing secured to the 
end of the cutter spindle. 0, the apron 3 may 
then be swung back in place. The shaper may 
then be started in operation to feed said cutter 
radially to the proper tooth depth. The shaper 
may then be operated to turn the cutter and gear 
blank with respect to each other during recip 
rocable movement of said cutter in the direction 
of its axis to effect cutting of the teeth of the 
gear, it being understood that, as herei OW, 
the cutter travels vertically, making a cut in the 
gear blank as it moves in one direction, and that 
the gear blank and apron of the machine yieldably 
move away from the cutter during its return 
strokes, and return into a cutting: position as the 
cutter is ready to make its cutting stroke. At 
the same time the cutter is turning about the axis 
of the spindle 10, and the gear blank it is turning 
with the arbor. 5, said gear blank is also moved 
relatively to said arbor about the axis of said 
airbor by the cam 9 and bell crank-30 in the here 
inbefore described manner, so the gear blank and 
cutter will turn at the same varying speed ratio 
at which the finished gear and pinion are to 
operate. When the gear blank has made one 
complete revolution, a varying speed gear will 
be completed which when driven from a pinion 
having the same number of teeth as the cutter, 
will rotate at the same varying speed ratio at 
which the cutter and gear blank rotated during 
the cutting Operation. . . . . 

It should here be understood, however, that 
where extreme accuracy of the tooth profile is 
desired, a rough cut may first be taken which will 
extend for one full revolution of the gear blank 
and a finish cut may then be taken for a second 
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revolution of the gear. blank, either with a sep 
arate finish cutter or by moving the cutter into 
slightly deeper mesh with the gear for the finish 
cut than for the rough cut. . . . . . 
While I have herein shown and described one 

form in which my invention may be embodied, it 
will be understood that the construction thereof 
and the arrangement of the various partS may be 
altered without departing from the spirit and 
scope thereof. Furthermore, I do not wish to be 
construed as limiting my invention to the specific 
embodiment illustrated, excepting as it may be 
limited in the appended claims. 
I claim as my invention: 
1. A device for adapting a gear shaper having 

a pinion-shaped cutter rotatably driven at a con 
stant speed during its reciprocating cutting op 
eration to generate a varying speed gear in a 
continuous operation including a work table 
mounted on the work spindle of the shaper for 
rotation therewith, a mandrel mounted on said 
work, table for relative movement with respect 
thereto and adapted to have a gear blank mount 
ed thereon, and an operative connection between 
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said work table and said mandrel for turning. Said 
mandrel and gear blank with said Work table at 
speeds which vary with respect to the speed of 
said work table, to cause said gear blank and cut 
ter to turn during the cutting operation at the 
same varying speed ratio at which the finished 
gear. and pinion Will Operate. . . . . . . . 

2. A device for adapting a gear shaper having 
a pinion-shaped cutterrotatably driven at a con 
stant speed during its reciprocating cutting op 
eration to generate a varying speed gear in a con 
tinuous operation including a work table mounted 
on the work spindle of the shaper for rotation 
therewith, a mandrel mounted on said Work table 
for relative movement with respect thereto and 
adapted to have a gear blank mounted thereon, 
a stationary can, a rocking arm pivotally mount 
ed on said work table and having 'Operative en 
gagement with said cam, and means actuated by 
said rocking arm for moving said mandrel rela 
tive to said work table while being rotatably 
driven thereby, to cause said gear blank and cut 
ter to turn during the cutting operation at the 
same varying speed ratio at which the finished 
gear and pinion Will Operate. . . . . . . . . . 

3. A device for adapting a gear shaper having 
a pinion-shaped cutter rotatably driven at a 
constant, speed during its reciprocating cutting 
operation to generate a varying: Speed gear in a 
continuous operation including "a work table 
mounted on the work spindle of the shaper for 
rotation therewith, a mandrel mounted on said 
Work table for relative: movement with respect 
thereto and adapted to have a gear blank mount 
ed thereon, a stationary cam, a bell crank piv 
otally mounted on said Work table, One lever arm. 
of said bell crank having operative engagement 
with said cam and the otheriever arms of Said 
bell crank having operative connection with Said 
mandrel, and means for holding said one lever 
arm of said bell crank in engagement with said 
can, to cause said bell crank to move said man 
drel relative to said work table during rotation 
thereof, to cause said gear blank and cutter to 
turn during the cutting operation at the Same 
varying speed ratio at which the finished gear and 
pinion will operate. . . . . . . . 

4. A device for adapting a gear shaper having 
a pinion-shaped cutter rotatably driven at a con 
'stant Speed during itS. reciprocating cutting op 
eration to generate a varying Speed gear in a 
continuous operation including, a work; table 
mounted on the work spindler of the shaper for 
rotation therewith, a mandrel mounted on said 
work table for relative movement with respect 
thereto and adapted to have a gear blank mount 
led thereon, a stationary "cann, a bell crank piv 
otally mounted on said work table, one leverarm 
of said bell crank having operative engagement 
with said cain, means for holding said "one lever 
arm in engageinent. W. Said Cain, ... the other 
lever, arm of said hell frank having gear teeth 
cut integrally; therewith the center of the pitch 
circle of which gear teeth is coaxial with the 
pivotal axis of said bell crank, said gear teeth 
meshing with a gear sector on said mandrel, the 
icenter of the pitch circle of which is coaxial with 
the pivotal axis of said mandrel; for moving said 
mandrel relative to said work table and for ro 
tatably moving Said mandrel with said work'table 
upon rotation thereof, to cause said gear blank 
and cutter to turn during the cutting operation 
at the same varying Speed ratio at which the 
finished gear and pinion will operate. 5. A device for adapting a gear shaper having 
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a pinion-shaped cutter rotatably driven at a 
constant speed during its reciprocating cutting 
operation, to generate a varying Speed gear in 
a continuous operation including a work table 
mounted on the work spindle of the shaper for 
rotation therewith, a mandrel mounted on said 
work table for relative, movement: with respect 
thereto and adapted to have a 'gear blank mount 
ed thereon, a stationary cam mounted coaxially 
with said work spindle, a rocking arm pivotally 
mounted on said work table, means for engag 
ing said rocking arm with said cam, and means 
operated by said rocking arm during rotation 
thereof with said work table for moving Said 
mandrel and said gear blank relative to Said Work 
table while rotatably moving said mandrel and 
gear blank with said work table, to cause Said 
gear blank and said cutter to rotate at the same 
varying speed ratio during the cutting Operation 
at which the finished gear and pinion will Operate. 

6. A device for adapting a gear shaper having 
a pinion-shaped cutter rotatably driven at a 
constant speed during its reciprocating cutting 
operation to generate a varying speed gear in a 
continuous operation including a Work table 
mounted on the work spindle of the shaper for 
rotation therewith, a mandrel mounted on said 
Work table for relative movement With respect 
thereto and adapted to have a gear blank mount 
ed thereon, a stationary cam mounted coaxially 
with said Work Spindle, a bell crank rotatable 
with said work table and pivotally mounted 
thereon, one lever arm of Said bell crank being 
adapted to engage Said can and the other lever 
arm of Said bell crank having operative connec 
tion with said mandrel for moving said mandrel 
relative to said work table, and means for holding 
said one lever arm of Said bell crank in engage 
ment with said cam, to cause said cam to move 
Said bell crank and said gear blank during rota 
tion of Said work table at Speeds which wary with 
respect to the speed of rotation of said work 
table and cause said gear blank and cutter to 
turn during cutting at the same varying Speed 
ratio at which the finished gear and pinion will 
operate. 

7. A device for adapting a gear shaper hav 
ing a pinion-shaped cutter rotatably driven at 
a constant speed during its reciprocating cut 
ting operation to generate a varying speed gear 
in a continuous operation including a work 
table mounted on the work spindle of the shaper 
for rotation therewith, a mandrel mounted on 
said work table for relative movement with re 
Spect thereto and adapted to have a gear blank 
mounted thereon, a stationary cam mounted 
coaxially with said work spindle, a bell crank 
rotatable with said work table and pivotally 
mounted thereon, rider means on one lever arm 
of said bell crank for engaging said cam, means 
for holding said rider means in engagement with 
said cam, the other lever, arm of said bell crank 
having gear teeth cut integrally therewith, the 
center of the pitch circle of which is coaxial 
with the pivotal axis of said bell crank, said 
gear teeth meshing with a gear Sector on Said 
mandrel, for moving said mandrel with said 
work table during rotation thereof and at the 
same time moving said mandrel and gear blank 
relative to said work table, to cause said gear 
blank and cutter to turn during cutting at the 
same varying speed ratio at which the finished 
gear and pinion will operate. 

8. In a gear shaper for producing a varying 
speed gear, a pinion-shaped cutter rotatably 
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8 
driven at a constant speed during its reciprocat 
ing cutting operation, a rotating work Spindle, 
a Support for a gear blank mounted for relative 
rotative movement with respect to said work 
spindle, a cam, a cam follower mounted for ro 
tation with Said work Spindle and having an 
Operative engagement with Said can, and means 
actuated by the movement of said cam follower 
in following the contour, of said can for ad 
vancing or retarding the rate of said movement 
of said gear blank relative to said work spindle 
in accordance with the relative Speed ratio, at 
which the finished gear and pinion will operate. 

9. In a gear shaper for producing a varying 
speed gear, a pinion-shaped cutter rotatably 
driven at a constant speed during its reciprocat 
ing cutting Operation, a Work Spindle adapte 
for rotation during reciprocating movement of 
said cutter, a support for a gear blank adapted 
to rotate relatively with respect to said work 
spindle, a stationary cam, a cam follower 
mounted for rotation with Said work spindle, 
said came follower having an arm in Operative 
engagement with the contour of Said cam, and 
a second arm having an operative connection 

- with said gear blank Support, and means for 
holding the first named arm of said cam foll 
lower in engagement with the contour Surface 
of Said cam to advance or retard the rate of feed 
movement of said gear blank. With respect to 
Said work Spindle in accordance with the rela 
tive Speed ratio at which the finished gear and 
pinion Will operate. , ' ' ' , " ... 

10. In a gear shaper for producing a varying 
Speed gear, a pinion-shaped cutter rotatably 
driven at a constant speed during its recipro 
cating cutting movement, a rotating work 
Spindle, a support for a gear blank mounted for 
relative rotative movement with respect to said 
work spindle, a stationary cam, a bell crank 
mounted for rotation with said: work spindle and 
also mounted for pivotal movement, with respect 
to said work Spindle, one lever arm of Said bell 
crank having operative engagement with said 
cam, means for holding said one lever arm in 
engagement with said cam, the other lever arm 
of said bell crank having gear teeth cut in 
tegrally therewith, the center of the pitch circle 
of Said gear teeth lying on the pivotal axis of 
said bell crank, said gear teeth meshing with a 
gear Sector. On said gear blank Support, the cen 
ter of the pitch circle of said gear sector lying 
in the pivotal axis of Said gear blank support, 
for advancing or retarding the rate of feed 
movement of said gear blank with respect to said 
Work Spindle in accordance with the relative 
Speed ratio at which the finished gear and pinion will operate. 

EMTL. J. H.LINSKY. 
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