
Oct. 7, 1941. E. W. MILLER 2,257,850 
GENERATIVE GEAR GRINDING MACHINE 

Filed March 16, 1939 6 Sheets-Sheet l 

Af 46 

Keii, 

7zzzzzir 
f/ 4. 4 ove/ 
N- 4. 73- t , 4-4-42 

  

  

  





A. 

Oct. 7, 1941. E. W. MILLER 2,257,850 
GENERATIVE GEAR GRINDING MACHINE 

Filed March 16, 1939 , 6 Sheets-Sheet 3 

A1 
gewaasaaaaaaaaa 

|- A SAAAAAAAAAASN 

2 % 

A 

s s N NS 2 

A. 

7 
NNYaaaaas 

- 
Greecele A 

2ssassrs Salsa Sassss Y SNS a stars SS f6 CN N N A 
K N 21 N 

/ww27 40.07% Wer 74.74/3-0. % - 4: 

A. 7 
C NEsS I 

say 

N 

  

  

  

    

  

  

  

  

  

  

  

  

  



Oct. 7, 1941. E. W. MILLER 2,257,850 
GENERATIVE GEAR GRINDING MACHINE 

Filed March 16, 1939 6 Sheets-Sheet 4 

RS 

422 

Na 

kSks s is a seasy 826NYasses k A X& 
N Y. S st sees 

(AxSaaka Nzérés Na NaNNNs I,27 amera as 

// if X lés, as 2N K2227.7271227. AZZSS's f37 3 AN swift year ZZZZEN"A N 

S. (00 

N: 
S 7 S 2-& NZ36S N WNXXS3 

NSK24 2. Sry 412s 

NNNSNNN) 

SS) 

P2 A. 

sts 

N fo6 Zw 
\U a 4.4% 4,401;4 7 

%, 
A. 

  

  

  

  

  

    

  

  

    

  

    

  

    

  

    

  

  

  

  

  

  

  

  



Oct. 7, 1941. E. W. Miller 2,257,850 
GENERATIVE GEAR GRINDING MACHINE 

Filed March l6, 1939 
4-A Ad 

A7 67 f4 
s ears A. 2SaNSS 47 2YSSSSN: s 2Sas Sreer 2s22rzaeZaS2 

afé in it     

  

  

  

  

  

  

  

  

  

  

  



Oct. 7, 1941. 
E. w MILLER 2,257,850 

GENERATIVE GEAR GRINDING MACHINE 
Filed-March 16, 1939 

6 Sheets-Sheet s A0 

W 

S N2 f3N2 

sire Szig 

  

  

  



Patented Oct. 7, 1941 2257,850 

UNITED STATES PATENT of FICE 
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GENERATIVE GEAR GRINDING MACHINE 
Edward w. Miller, Springfield, vi, assignor to 
The Fellows. Gear Shaper Company, Spring 
field, Wt, a corporation of Vermont 

Application March 16, 1939, Serial No. 262,125 
(CL. 51-123) 16 Claims, 

The subject matter of the present invention is 
a machine for generating the tooth curves of 
gears, gear shaper cutters and the like, of either 
spur gear or helical gear characteristics. In the 
preferred embodiments of the invention, includ 
ing that illustratively shown and described here 
in, the operating tool is a grinding wheel; and 
for that reason the machine is called a grinding 
machine. But this title is not intended as a limi 
tation to grinding in contradistinction to cutting 
by tools of other characteristics, (such as milling 
cutters for instance). Hence, although in the 
following description I shall generally refer to 
the action of the machine as grinding and to the 
tool as a grinding wheel, it is to be understood 
that such description is intended to include as 
well equivalent cutters of specifically different 
characteristics and the operations performed by 
their use. Likewise the use of the term "gear' 
in the following description to designate the work 
piece operated on by the machine is intended to 
embrace generically also other articles of forms 
similar to gears, such as gear shaper cutters and 
all machine elements having curved surfaces ca 
pable of generation by combined motions of ro-. 
tation and translation with reference to a cut 
ting tool, 
The main objects of the invention are to in 

Crease the Speed and accuracy of generating gear 
teeth to finished form and dimensions; to per 
mit ready adjustment of one machine for gener 
atting gear tooth curves based on a wide range 
of rolling circles easily and with substitution of 
a relatively small number of interchangeable 
parts; to simplify the operation of, and means 
for, indexing the work, and avoid the tendency 
to inaccuracy which has accompanied the index 
ing means of prior machines of the generative 
grinding type; and to accomplish subsidiary ob 
jects related to the foregoing, as will appear from 
the following description. The nature of the in 
vention, the principles and novel features which 
it contains, and its utility can best be explained 
and understood in connection with a full descrip 
tion of a specific embodiment. Such a descrip 
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tion follows with reference to illustrative draw 
ings. In these drawings, - . 

Fig. 1 is a front elevation of a gear grinding 
machine containing the invention; 

Fig. 2 is a vertical section taken on line 2 
of Fig. 1 and including the axis of the Work 
holder; - 

Fig. 2a is a fragmentary view showing an alter 
native means for holding, clamping and rotat 
ing the work supporting arbor: 

50 

Fig. 3 is a vertical section taken on line 3-3 
of Fig. 1; w a s 

Fig. 4 is a horizontal section taken on line 4-4 
of Fig. 1; 

Fig. 5 is a vertical section taken on line 5-5 
of Fig. 4 showing on a larger scale the details of 
a braking means for the work indexing motor; 

Fig. 6 is a horizontal section taken on line 
6-6 of Figs. 1 and 2; 

Fig. 7 is a vertical section taken on line 7-7 
of Fig. 2 and represented on a larger scale; 

Fig. 8 is a fragmentary view similar to Fig. 7 
and illustrating a modification of one of the de 
tails of the mechanism there shown; 

Fig. 9 is a vertical section taken on line 9-9 
of Fig. 7; 

Fig. 10 is a vertical section of a detail of the 
mechanism taken on line O-O of Fig. 2 and 
shown on a larger scale; 

Figs. 11 and 12 are detail sectional views taken 
lines - and 2-2 respectively of Fig. 

10; - 
Fig. 13 is a detail sectional view of the means 

for controlling the stop for the indexing mech 
anism, taken on a plane parallel to that of Fig. 
10; 

Fig. 14 is a sectional view taken on line 4-4 
of Fig.2 showing the tool head; 

Fig. 15 is a detail cross section taken on line 
5-5 of Fig. 14 and showing means for adjust 

ing the tool to compensate for wear; 
Fig. 16 is a detail sectional view taken on line 
6-6 of Fig.15; - - 
Fig. 17 is a horizontal sectional view taken on 

line 7-7 of Figs, 1, 18 and 19; 
Figs. 18 and 19 are sectional views taken on 

lines 8-fe and 9-9 respectively of Figs. 1. 
and 17; 

Fig.20 is a diagram illustrating the principles 
according to which angular adjustment of the 
grinding wheel and of the abutment which con 
trols the translative movement of the work varies 
the rolling circle with respect to which the tooth 
curves are generated. 

Like reference characters designate the same 
parts wherever, they occur in all the figures. 

Describing first the general principles of the 
machine, with reference to Figs. 1, 2 and 3, the 
frame comprises a base 2 f having a recess 22 in 
its forward side, an annular bed 23 secured to 
the base 2, uprights 24 and 25 rising from op 
posite sides of the base 2, and a cross beam 26 
Supported on said uprights 24 and 25; all of these 
parts being of suitably massive and rigid con 

55 struction. The bed 23 supports a table 27 on 

  



2 
which is mounted a slide or carriage 28 carrying 
a work holding head, which includes a work Spin 
dle or arbor 29, by which the work piece 30 is 
rotatably supported. The tool 3, here shown 
as a grinding wheel having a plane Operating 
face, is supported by a tool head 32 secured ad 
justably, by means later described, to the cross 
beam 26 of the frame structure. 
In operation the work piece is moved bodily 

transversely of the plane of the grinding wheel 
and at the same time is given a component of 
angular movement such that the ultimate effect 
is the same as if the work piece were rolled on a 

10 

circumference of given diameter over a plane Sur 
face toward and away from, or across, the plane 
of the grinding face, whereby an involute curve 
is generated in whatever part of the work piece 
engages the grinding face. The following mech 
anism is provided for imparting these movements 
to the Work. 
The carriage 28, which is constrained to travel 

in a straight line on the table 27, supports a 
rotatable shaft 33, preferably parallel to the Work 
spindle 29, as here shown, although it is not nec 
essarily so. On this shaft 33 is keyed a can 
holder 34, to which is affixed in a detachable 
manner a cam 35. The cam has a face 36 of in 
volute curvature bearing on an abutment 3 
mounted adjustably on the table 27 in a manner 
later described. The cam holder 34 includes an 
arm 38 which is coupled by a connecting rod 39 
with a crank pin 40 on a disk 4 f. The crank 
disk 4 is driven by a motor 42 by means of a 
belt drive 43 to a pulley 44 coaxial with the table 
bed 23; a pulley 45 coaxial with pulley 44, belt 
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46, pulley 47, shaft 48 to which pulley 4 is se 
cured, worm 49 on shaft 48, and worn wheel 50 
on the shaft 5 which carries the crank disk 
4. When the cam 35 is turned in clockwise ro 
tation with respect to Fig. 1 by this mechanism, 
the carriage 28 is moved to the left. It is moved 
in the opposite direction when the can 35 turns 
counterclockwise, by a weight 52 suspended from 
a cord 53 which passes around guides 54, 55, 56 
and is secured to the carriage 28. Guide 54 is 
mounted on the base 2 and guides 55 and 56 are 
mounted on table 27. The weight 52 maintains a 
firm engagement between the cam 35 and the 
abutment 37, taking up backlash, at all times. 
This mechanism gives the translative component 
of movement to the Work. 
The angular component of rolling motion is 

transmitted through a gear segment 57 keyed to 
the shaft, 33, a compound rack bar 58 and a gear 
59 secured to the work holding arbor 29. The 
element above described as a compound rack bar 
58 is so called because it has portions cooperat 
ing with the gear elements 57 and 59 in the man 
ner of a rack. It also cooperates with gear 59 
in the manner of a Screw or Worm to cause in 
dexing of the work. This rack bar 58 is mount 
ed for free endwise and rotary movement in a 
bushing 60 in a housing 6l. It is made with a 
rack portion 58a of which the teeth are encir 
cling disconnected ribs without helical lead, 
which mesh with the gear segment 57, and with 
a second rack portion 58b of which the teeth 
have a helical lead and are successive convolu 
tions of a screw thread or a plurality of threads. 
Angular movement of the segment 57 is trans 
mitted by the rack bar 58 to the gear 59-in 
equal measure when the pitch radii of the gear 
segment 57 and gear 59 are the same, as is the 
case here. Rotation of the rack bar 58 about its 
own axis rotates the gear 59 in the manner of 
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2,257,850 
worm and wheel gearing without rotating the 
segment 57, and is employed for indexing the 
work. 

It is not essential that the rack element 58a. 
be a circular rack integral with the bar 58. Fig. 
8 shows an equivalent variation in which the 
rack 58 consists of teeth on One side of a sleeve 
62 fitted to a reduced extension 58c of the rack 
bar 58 so that the latter may rotate within it, 
and confined from relative endwise movement by 
anti-friction thrust bearing 63 between a shoul 
der 64 on the bar 58 and a nut 65 screwed to 
the end of the bar 58. 
Power for indexing the work piece is delivered 

from an electric torque motor 66 (see Fig. 4). 
The armature of this motor is coupled to a shaft 
67 on which is a gear 68 meshing with a gear 69 
on an upright shaft 70 (see also Figs. 7 and 9). 
The latter carries on its upper end a gear 7 
meshing with a gear 72 on a sleeve 73 which is 
coaxial with the rack bar 58 and is connected 
with the end or extension 58d thereof by a cou 
pling including keys 4 entering longitudinal 
grooves 75 in the sides of the bar extension 58d. 
The torque motor 66 exerts a constant torque 

tending to rotate the rack bar 58 but is restrained 
during the grinding operation by a stop plunger 
76 and index plate or head 77 (Fig. 10). The 
index plate 77 is secured to a shaft 78 (Fig. 4) 
which is driven by the torque motor 66 through 
shaft 67, a pair of changeable ratio gears 79, 80, 
shaft 8 on which gear. 80 is secured, a change 
gear 82 on the forward end of shaft 8, idle gear 
83 (Fig. 1) and change gear 84 on shaft 78. By 
suitable selection of the gears 79, 80, 82, 83 and 
84 the ratio of rotation of the index plate 77 to 
the rotation of the rack bar 58 may be varied 
to cause rotation of the work through any de 
sired angle while the index plate 77 makes a 
complete rotation. In this illustration the index 
plate 77 has a single stop shoulder 85, but it may 
be provided with any number of shoulders. 

Release of the locking pin 76 is caused by the 
carriage driving mechanism. When the carriage 
28 is at the end of its retracting stroke and the 
work is clear of the grinding wheel. An arm 86 
is secured to the shaft 33 in the same plane with 
a rod 8 supported by pivotally mounted levers 
88, 89 on the table 27 and carrying an adjustable 
collar 90. The collar 90 is so adjusted that it is 
engaged by the arm 86 and moved to the right 
(with respect to Figs. 1 and 10). when the car 
riage 28 reaches the end of its traverse from left 
to right or, at least, has progressed far enough 
in that direction to withdraw the work piece 
clear of the grinding wheel. 3; and is so moved 
far enough to cause displacement of the locking 
pin 76 from the index plate shoulder 85. This 
movement of the collar 90 swings arm 9 of 
lever 89 to the left. Said lever arm 9 bears 
against the end of a rod 93 which is movable in 
guideways 94 and is pressed toward arm 9 by 
a Spring 95. It extends toward the index plate 

and carries on its end adjacent to the latter 
5 a pusher block or head 96 having a pusher face 

97 concentric with the index plate 77. An arm 
98 is pivoted at 99 to a bracket 00 in which the 
Stop plunger 6 is slidingly mounted. This arm 
98 is acted on by a spring 0 (which reacts on 
an anchor pin 02 on bracket f OO) so that a 
roll 03 on its outer end is constantly pressed 
against the pusher face 97. Arm 98 carries a 
pivoted pawl fo4 in position to act on an arm 
05 secured to a shaft 106, which rotates in a 

bearing in the bracket 00 and carries a pinion 
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7 meshing with rack teeth 08 on the side of 

the plunger 76. A spring O9 normally holds the 
pawl 4 against a shoulder on the arm 98 but 
permits the Outer end of the pawl to yield away 
from the axis of shaft 06. 
pusher head 96 is moved to the left, it swings 
the arm 98 from the position of Fig. 10 to that 
of Fig. 13 and causes the pawl O4 to turn arm 
05 and thereby retract the stop plunger 76. 
The lengths and angular relationship of the pawl 10 
4 and the arm 05 are so made that, when 

the plunger 76 has been withdrawn clear of the 
index plate stop shoulder 85, the pawl 104 slips 
past the end of arm 05, leaving the latter free. 
to be moved backward by a spring O which 15 
Constantly forces the plunger 6 toward the in 
dex plate 77. As the pawl 4 is then free to 
yield away from the arm 05, it permits the 
plunger 76 to bear on the circumference of the 
index plate 7 ready to obstruct the plate TT 20 
when it has completed its rotation. This is a 
safety measure which prevents the work from 
being indexed through more than the prescribed 
angle in case the indexing movement is com 
pleted before the carriage has advanced far 
enough on the next working traverse to permit 
return of the arm 98. But when this arm re 
turns to normal position (Fig. 10) the pawl 64 
is returned to acting position after passing clear 
of arm 95. 30 
The bracket f is secured to a flange iff 

(Fig. 4) on a sleeve 2 which fits rotatably in 
a bearing in the table 27 and within which the 
shaft 8 is coaxially supported. Flange fff car 
ries a gear segment 3 (Fig. 10) with which is 35 
meshed a worm 4 on a shaft. 5. A face gear 
f6 is keyed to shaft 5 and meshed with a 
pinion on a shaft 8 which protrudes at 
the forward side of the carriage and carries a 
knob if 9 (Fig. 2) by which it may be manually 40. 
turned. This mechanism is a manually operated : 
means for feeding the work to increase the depth 
of cut. It advances the stop plunger 76 angul 
larly around the axis of the index plate 77, al 
lowing the latter to turn through an incremen- 45 
tal angle and consequently permitting the work 
piece to be turned through a fraction of this 
angle toward the grinding wheel. When the de 
sired depth of cut has been obtained, the bracket 
100 is locked by a clamp 20 (Fig. 12) which is 50 
forced against the flange if f by a nut 2 thread 
ed on a screw stud 22 and carrying a handle 
23. 
In Order to soften the shock when the index 

ing plate TT is arrested by the locking bolt 76, 5 
a brake is provided and brought into action 
shortly before the shoulder 85 reaches the bolt 
76. The brake consists of a drum 24 (Figs. 4 
and 5) on the armature shaft of the torque mo 
tor 66 and a complemental shoe (25. The brake 60 
shoe 25 is connected by a pivot pin 26 with a 
carrier lever 27 pivoted at 28 to the motor 
base 29 and connected with a spring 30 which 
is arranged to exert force tending constantly to 
press the brake shoe 25 against the brake drum 
24. The carrier lever 27 is provided also with 
a toothed arm 3 constituting a gear segment 
meshing with a pinion 32 on a rock shaft 33. 
An arm 34 is secured to this rock shaft 33 and 
bears at its free end on a cam 35 secured to 
the shaft 78 of the index plate 77. The gearing 
is so arranged, substantially as shown in Fig. 5, 
that the spring 30 causes arm 34 to bear on 
the cam 35, and the latter is of a radius such 

Thus when the 5 

2 5 

drum 24 throughout most of the rotation of the 
index plate 7. The can S has a depression 

6 located so that it releases the arm 34 and 
permits application of the brake shortly before 
arrival of the index plate shoulder 85 at the lock 
ing bolt 76. The tension of spring 30 may be 
regulated by adjustment of nuts 37 on the 
threaded anchor pin 38; and it is so adjusted as 
to cause substantial retardation of the motor 66, . 
without stopping it. The rise of the cam 35 
following the depression 36 releases the brake 
when the index plate 77 is arrested by the bolt 
76, enabling the motor 66 to start when the 
bolt 6 is retracted. . 
The grinding wheel is adjustable vertically for 

work gears of different diameters, angularly to 
generate involute curves to different base circles, 
or rolling circles, and pressure angles, and ax 
ially to maintain its active face true and in a 
given plane. These adjustments are made pos 
sible and effected by the following means. The 
tool head 32 carries the tool spindle 39 (Fig. 
14) and an electric motor f40 for driving the 
spindle 39. The tool head 32 is made as a slide 
fitted to guideways f4 and 42 on a tool head 
base 43 (Figs. 1 and 2), which constrain the 
slide to move in a path parallel to the plane of 
the grinding wheel face. The tool head base 
43 is mounted against the plane forward sur 
face 44 of the cross beam 26 of the frame, being 
supported by rolls 45 resting on the arcuate 
upper surface of a bar or ledge 46 secured to 
said face 4. The base 43 is further provided 
with an arcuate flange 47 which is held against 
the face 44 by a clamp 48 and releasable bolts 
249. The flange 47 and curved face of ledge 
46 are coaxial, with the axis of their curvature 
in or near the plane in which the axis of the 
work spindle 29 travels and transverse to the di 
rection of such travel. Upon loosening clamp 
48 the tool head base may be tilted about this 
axis between the position where the grinding 
wheel face is vertical (i. e. perpendicular to the 
plane of travel of work spindle 29) and the max 
innum practicable angle or inclination. The 
maximum angle is determined by the art of gear 
manufacture and may be as much as 25 or 
more from the vertical. The degree of such in 
clination is measured by an index f9 on the 
tool head base 43 with reference to a scale 
50 on an adjacent part of the frame. Vertical 
adjustments, (by which I mean movements of 
the tool head in the prescribed path, whether 
Such path is exactly vertical or inclined, due to 
the tilting of the head base), are effected by a 
hand wheel 5 on the forward end of a shaft 
52 mounted in the tool head base 43. This 

shaft carries a worm 53 meshing with a gear 
54 on a shaft 55 which also carries a gear 56 
meshing with a rack 57 on the tool head slide. 
Correction for wearing of the grinding wheel 

face, and maintenance of such face in a pre 
Scribed plane, is effected by adjustment of the 
wheel axially in conjunction with a truing tool 
58 carried by an arm i? 59 which is pivoted to 
the forward end of the tool head 32 in a posi 
ton such that the truing tool 58 may be passed 
from a point outside of the circumference of the 
wheel 3 across the entire width of the active 
Zone thereof. The tool spindle 39 rotates in a 
sleeve 60 which is movable endwise in a housing 
f6 forming part of the tool head 32. A screw 
62 (Figs. 15 and 16) is mounted rotatably in 
a flange 63 of sleeve 60 and engages: the 

that it holds the brake shoe 25 away from the '' threads of a tapped hole 64 in the adjacent 

  



4. 
housing wall 6. A pinion ? 65 on the shaft of 
screw 62 meshes with a worm 66 on a shaft 
67 which carries a crank 68 on its exposed 

outer end. - 
The mounting of the tool spindle, the means 

for lubricating it, and means for excluding dust 
from its bearings involve useful features which 
may well be described at this point. The tool 
spindle 39 is driven by a belt and pulley drive 
69, 70, 7 from the motor 40 and is mounted 

at its forward end (that to which the wheel is 
attached) in an internally tapered bearing 72. 
A bearing 73 at its other end is split and slightly 
tapered externally So that it can be drawn up 
within the sleeve 60 to compensate for wear. 
At the rear end a thrust bearing 74 is provided 
which is forced outwardly against the rigidly se 
cured pulley 7 by a series of springs 75 react 
ing against the sleeve 60, whereby a shoulder 
76 on the forward end of the spindle is held 

tightly against a thrust Washer and the lat 
'ter against a shoulder on the bearing i72. 

Lubrication is accomplished by using kerosene 
oil which occupies a chamber 78 in the tool 
head to a height sufficient to enter a filter 79 
at the upper end of a pipe 80 which leads to an 
oil channel 8 in the sleeve 60. Oil grooves and 
channels conduct the oil between the spindle and 
its bearings and eventually into a settling basin 
82. From the basin 82 the oil is returned to 
chamber 78 through a pipe 83 by a pump f s4 
driven from the motor 40 by a belt and pulley 
drive 85, 86. The use of a large volume of kero 
Sene or other light oil enables a close fit between 
the spindle and bearings to be maintained and 
keeps the bearing surfaces cool. 

Dust is excluded from the front bearing by a 
stationary housing 87 in cooperation with the 
wheel center 88. The housing fB is a portion 
of the structure which contains the settling basin 
f82 and is extended with a conical formation 89 
so as to embrace the shoulder 6 of the spindle 
f39. The wheel center 88, which is secured by 
screws 90 to shoulder 76, (and to the peripher 
all part of which an abrasive annulus is secured), 
embraces the conical part 89 of the stationary 
housing 87. Recesses and grooves are provided 
at 9 and 92 to contain oil and entrap dust. 
Adjustment of the abutment 37 angularly and 

translatively is accomplished by the following 
means, shown in Figs. 1, 17, 18 and 19. The abut 
ment 37 projects from the open side of a straight 
channel in the edge portion 93 of a disk or plate 
94 pivotally mounted on a stud 95 which pro 

jects from a slide 96 supported movably on a 
bracket 97 which rises from the table 27 adja 
cent to the cam 35 and to that part of the car 
riage 28 on which the cam holder 34 is mounted. 
The lips of the channel are clamped against the 
base of the abutment 37 by screws 98, and may 
be relaxed to permit endwise adjustment of the 
abutment 37. The plate 94 is clamped to the 
slide 96 by clamp bolts 99 passing through 
slots 200 in the plate 94 into threaded connec 
tion with slide 96, which bolts may be loosened 
to permit swinging movement of plate 94 about 
the pivot 95. A toothed segment 20 is secured 
to the plate 94 coaxial with pivot, 95 and is 
meshed with a worm or screw 202 on a shaft 
203 to which is secured in accessible position, a 
knob. 204. Movement of the slide 96 in the path 
(parallel to the directions in which the carriage 
28 travels) prescribed by headed studs occupying 
guideways 205 in the bracket 97, is effected by 
a screw 206 carried by the slide 96 meshing with 
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2,257,850 
a nut 207 affixed to the bracket 97. A gear 208 
on the screw 206 meshes with a worm 209 on a 
shaft 20 which carries an accessible crank 2. 
Shafts 203 and 2 are both supported in bear 
ings in slide 90. By rotation of knob. 204 the 
abutment 37 may be swung from a position where 
its contact face (which is a plane face) is vertical, 
to any desired inclination within the structural 
and Operative limits of the machine; and by ro 
tation of crank 2 f its location may be altered 
at the same time to accommodate changes of in 
clination, and also as needed to make contact 
with one or another of interchangeable cams 35 
throughout a range of movement of the carriage 
28 which suffices to carry the work piece through 
any prescribed grinding traverse and clear of the 
grinding wheel to permit indexing. 

Novel features conducive to accuracy by elim 
inating eccentricity of the work piece are em 
bodied in the work holding head. The arbor or 
Spindle 29 passes through a sleeve or quill 212 
fitted to rotate in accurately alined bearings in 
the head 28 and on which the worm gear 59 is 
keyed and made fast. The outer end portion of 
Spindle 29 is clamped and centered in the quill 
22, in the construction shown in Fig. 2, by a 
Split taper collet 23 and a nut 24 which is 
Screwed into the outer end of the quill 22. Oth 
erwise the spindle 29 is clear of the quill 22, 
being smaller in diameter than the interior of 
the quill 22. The free end of spindle 29 is sup 
ported by a dead center 25 mounted in a bush 
ing 26 contained in a tail stock structure 2 til 
On the carriage 28 at the forward side of the 
Space in which the work is located. The bushing 
26 is centered accurately with the quill 22 and 
secured by Screws passing through a flange 28 
into the tail stock structure 27. A knob. 2 9 
is mounted on a shaft which is rotatably sup 
ported in the tail structure and carries a pinion 
(not shown) meshing with teeth cut in the side 
of the center 2 5. Thereby the center 2f 5 may 
be moved as required for placing and removing 
work pieces. The work may be positioned cor 
rectly with respect to the grinding wheel by re 
leasing the nut 24 and moving spindle 29 end 
Wise to the desired position. This arrangement 
enables the work to be set accurately concentric 

50 
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with the prescribed axis of oscillation, and in 
Such position lengthwise of its axis as places it 
in desired relationship to the grinding wheel, and 
eliminates the use of thickness washers, com 
monly used heretofore and containing sources 
of error. 
Various other means may be used for connect 

ing the arbor 29 to the quill 22 with similar ef 
fect. One Such is shown in Fig. 2a. It consists 
of a split sleeve 23a, secured to the quill 22 
and furnished with internal teeth, and an exter 
nal gear 23b Secured to the work arbor. Gear 
23b is in effect an external clutch member com 
plemental to the internal teeth and grooves of 
the sleeve 2.3a. Its teeth are crowned or bar 
reled sufficiently to permit a slight lateral move 
ment in any direction of the end of the arbor 
29 which engages the dead center 25, while at 
the Same time enabling the split sleeve 2.3a to 
be clamped on the gear without applying a bend 
ing stress to the arbor 29, Except for the con 
nection with the quill 22 made through the 
clutch members 23a and 23b, the arbor 29 is 
clear of the quill 2 f2 and free to move laterally 
to the extent necessary to bring the work piece 
exactly concentric with the axis of rotation. The 
clutch sleeve 23a is long enough to permit ad 
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justment of the work arbor 29 in the axial direc 
tion and placement of the work piece in the de 
sired relation to the grinding machine without 
need of using thickness washers. 
The gearing 58b, 59 and the bearings for the 

quil 22 are enclosed in a housing 22e and pro 
tected from foreign matter by a flexible bushing 
22 f (which may be of rubber composition) in the 
end of the housing 220 nearest to the work. 
The work spindle axis and the path of move 

ment of the carriage may be adjusted to any des 
sired inclinations with respect to the plane of 
the grinding wheel as needed to finish helical 
gears and cutters or to grind the necessary clear 
ance on spur cutters. For this purpose the table 
27 is mounted rotatably on the bed 23 and is en 
gaged therewith by curved guides 222, 223 con 
centric with a vertical line intersecting Or pass 
ing near to the axis of angular adjustment of 
the grinding wheel; and the crank shaft 5 and 
gearing for driving it, including the pulley 47, 
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are mounted in a housing 224 suspended from the 
table 27 in the open space 22 of the base 2. An 
annular gear segment 225 (Fig. 6) is connected 
coaxially with the table 27 and meshed with a 
worm 226 on a shaft 227 which is mounted in 
the bed 23 and projects at its forward end into 
accessible position for application of a wrench. 
A scale 228 on the bed serves in connection with 
an index 229 on the table to measure the angu 
lar adjustments so effected. The shaft 230 (Fig. 
2) on which the pulleys 44 and 45 of the crank 
shaft drive are secured, is coaxial with the table 
27; so that when the table 2 is rotated, the pull 
ley 47 swings around its driver 45 without af 
fecting the tension of the belt 46. 
Other adjustments are effected by lengthening 

or shortening the two part connecting rod 39 
previously described, whereby both limits of 
travel of the carriage are equally shifted in the 
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same direction, and my moving the crank pin 40 . 
in the radial slot 23 in the face of the crank 
disk 4 f, in a well known manner, whereby the 
travel of the carriage may be lengthened Or 
shortened. 
With the aid of the various adjustments de 

scribed, together with substitution of different 
cams like cam 35 but developed from different 
base circles, a wide variety of gears and cutters 
may be generated and finished on the same ma 
chine. By way of illustration I may say that 
with one design of such a machine which I have 
built, the range of rolling circles is from less than 
an inch up to twelve inches. Other ranges are 
accommodated by machines of the same type 
having different dimensions. The capacity for inclining both the grinding 
wheel and the abutment 37 to any angles be 
tween their extreme limits is an important factor 
in that it enables the same cam to be used 
through a large fraction of the total range of 
rolling circles accommodated in the machine. 
An indication of the range possible with one can 
is given in Fig. 20. This figure is a diagram in 
which the curve 36 represents the involute face 
of a cam of which the base circle is A. The 
curve brepresents the tooth curve generated when 
the abutment and grinding wheel are in the 
relative positions shown in full lines at 3 and 3 
respectively; the face of the abutment being per 
pendicular to the travel of the gear and the face 
of the grinding wheel being inclined. The base 
circle from which the curve b is generated is 
found by the geometry of involute curves to be 
B. When the abutment is set at a certain in 
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clination, which is indicated by the dotted line 
position 3a, and the grinding wheel is set in the 
position 3 a where its face is perpendicular to 
the line of travel of the work, a curve c is gen 
erated of which the base circle is C. Interme 
diate angular settings of either the abutment or 
wheel alone, or both in conjunction, produce in 
volutes of base circles between the circles B and 
C; while with other settings involutes of base 
circles larger than C and smaller than B may be 
generated. 
The combined generating and indexing con 

trol accomplished by the rack bar 58 and asso 
ciated gears has this conspicuous advantage, that 
it eliminates all change gears, locking devices, . 
etc. from the rolling head, (i.e., the work spindle 
and its oscillating means). The rolling head is 
thus reduced to the extreme of simplicity and 
it is perfectly balanced. Hence there is nothing 
to impede rapid oscillation or to cause any lack 
of accuracy due to unbalance when oscillated rap 
idly. Perfect equality between the angular 
movement of the involute cam and the angular 
movement of the work is assured by the equality 
in pitch radius of the gear elements 57 and 59 
and by absence of backlash between these ele 
ments and the rack elements 58a and 58b. It is 
immaterial whether these gears are equal in ra 
dius at their pitch circles to the radius of the 
base circle of the cam face or of different radius, . 
or to what degree their radius is different. What 
ever angle of rotation is imparted to the Segment 
57 during traverse of the carriage, the same an 
gle of rotation is transmitted to the worm gear 
59. If these gear elements are of different ra 
dius than the base circle referred to, the rack 
element is moved endwise at the same time; in the 
opposite direction to the travel of the carriage if 
the gear radius is larger, and in the same direc 
tion as the carriage if smaller. 
An electrically controlled Switch board for the 

motors 42 and 40 is shown at 232 in Fig. 1. It 
comprises means of known character for starting 
and stopping each motor and for causing the mo 
tor 42 to operate through any selected number of 
complete cycles before being stopped. . An aux 
iliary switch 233 includes rotatable contacts 234 
driven from the crank shaft 5 by gearing 235, 
236 (Fig. 2), and set to cause the motor 42 to be 
stopped only when the Carriage 28 is at the ex 
treme rear position away from the grinding 
wheel 3. Although in the foregoing description I have 
referred to certain parts of the machine as being 
horizontal or movable horizontally, and other 
parts and movements as being vertical, it must 
be understood that these terms are merely de 
scriptive of the particular machine here shown 
and not limiting as to the invention. Any ma 
chine which has similar structural and function 
all relationships between its parts to those herein 
described is within the Scope of the invention 
claimed however its corresponding parts may be 
related to the plane of the horizon. 
What I claim and desire to Secure by Letters 

Patent is: 
1. A machine of the character described com 

prising a supporting structure, a cutting tool ro 
tatably mounted on the supporting structure 
and having an active face, a carriage movable 
in a path transverse to the active face of the 
tool, a work spindle mounted rotatably on the 
carriage adapted to support a toothed workpiece 
with the side of a tooth thereof in contact with 
said active face, a cam mounted rotatably on 

  



the carriage, an abutment mounted on the sup 
porting structure in position to receive the 
thrust of said cam, gear elements connected . 
with the spindle and cam respectively, and a bar 
having rack elements in mesh with said gear 
elements for transmitting angular movement 
from the cam to the spindle, the rack element 
which is meshed with the gear element on the 
spindle having its teeth in the form of con 
tinuous helical convolutions and being rotatable 
for indexing the work spindle. 

2. In a machine of the character described, a 
carriage, a work spindle and a cam rotatably 
mounted on said carriage, driving mechanism. 
coupled with the cam for oscillating it, an abut 
ment against which the cam acts to propel the 
carriage, gears connected to the spindle and 
cam respectively, a worm and a rack in tandem 
connection, the worm being rotatable and in 
mesh with the gear which is connected to the 
spindle, and the rack being in mesh with the 
gear connected to the can, and means for ro 
tating said worm whereby to index the Work 
Spindle. 

3. In a machine of the character set forth, a. 
carriage, a spindle and a cam rotatably mount 
ed on the carriage, gears connected to the spin 
dle and cam respectively, an endwise movable 
bar having a worm and a rack in tandem ar 
rangement, of which the former is meshed with 
the spindle-connected gear and the latter with 
the cam-connected gear, an abutment against 
which the cam reacts for moving the carriage, 
driving mechanism connected with the cam to 
oscillate it, potentially active motive means in 
geared connection with said bar tending con 
stantly to rotate it, an index plate in driven cons 
nection with said motive means, a displaceable 
stop normally preventing movement of said in 
dex plate, and means operable by the carriage 
for displacing said stop. 

4. A machine of the character described COm 
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prising a supporting structure, a carriage mov 
able reciprocatively thereon, a work spindle ro 
tatably mounted on the carriage with its axis 
transverse to the path of carriage movement, a 
cutting tool mounted on the supporting struc 
ture in position to generate tooth curves on a 
Work piece mounted on said spindle when the 
carriage is moved and the spindle simultaneous 
ly rotated, a cam rotatably supported on the 
carriage with its axis transverse to said path in 
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a location displaced from the spindle to one side 
thereof, an abutment on the supporting struc 
ture located to receive the reactive thrust of the 
Cam, mechanism for Oscillating the cam, and a 
combined rotation transmitting and spindle in 
dexing means between the cam and spindle for 
transmitting angular movement from the cam 
to the Spindle and imparting independent angu 
lar movement to the spindle for indexing th 
Work. 

5. A machine for the purpose set forth having 
the characteristics set forth in claim 4, combined 
with a table mounted on the supporting struc 
ture and on which the carriage is mounted, said 
table being angularly movable in a manner to 
cause generation of spur or helical tooth face 
Curves in the Work. 

6. A machine for the purposes set forth com 
prising a supporting structure, an angularly ad 
justable table mounted thereon, a carriage 
mounted to move in a path transverse to the 
axis of adjustment of the table, a power driving 
train for the carriage including a rotatable ma 
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2,257,850 
chine element concentric with said axis, a work 
spindle rotatably mounted on the carriage and 
adapted to hold a work gear, and a rotatable 
cutting tool mounted on the supporting struc 
ture in position to generate tooth curves on such 
a work gear, said tool being mounted with pro 
Vision for adjustment to various inclinations to 
the path of travel of the carriage. 

7. In a tooth curve generating machine, a 
cutting tool mounted for cutting operation in a 
Stationary location, and means for transporting 
a work piece with a rolling motion toward and 
aWay from said location comprising a carriage 
guided to move in a path transverse to the oper 
ating plane of the tool, a work spindle and a 
can rotatably mounted on said carriage to ro 
tate about separate axes both transverse to the 
path of the carriage and spaced apart from one 
another in the direction of such path, a station 
alry abutment mounted in position to be engaged 
by said can and, by reaction, cause movement 
of the carriage when the cam is rotated in one 
direction, means for imparting angular move 
ment to the cam about its axis, and means for 
transmitting rotary movement from the cam to 
the spindle in a predetermined ratio. 

8. The combination as set forth in claim 7, in 
Which the means for transmitting rotary move 
ment from the cam to the spindle is adapted to 
transmit equal degrees of rotation in the same 
relative direction. 

9. In a tooth curve generating machine, a cut 
ting tool mounted for cutting operation in a sta 
tionary location, and means for transporting a 
work piece with a rolling motion toward and 
away from Said location comprising a carriage 
guided to move in a path transverse to the op 
erating plane of the tool, a work spindle and a 
cam rotatably mounted on said carriage to ro 
tate about separate axes both transverse to the 
path of the carriage and spaced apart from one 
another in the direction of such path, a station 
alry abutment mounted in position to be engaged 
by Said cam and, by reaction, cause movement of 
the carriage when the cam is rotated in one di 
rection, means for imparting angular movement 
to the cam about its axis, gear elements secured 
to the cam and spindle respectively, and a rack 
bar mounted with freedom to move endwise rela 
tively to the carriage having teeth engaged with 
both of said gear elements for transmitting 
angular movement from one to the other. 

10. The combination as set forth in claim 9, in 
Which the gear elements connected to the cam 
and Spindle respectively are of Substantially 
equal pitch radii. 

11. The combination as set forth in claim 9, in 
which the teeth of the rack bar engaging the 
gear element which is connected to the work 
Spindle are helical and are revoluble about their 
helix axis, for imparting an increment of rota 
tion to the Spindle additional to that imparted 
by angular movement of the cam. 
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12. A machine for generating the tooth curves 
of gears and the like comprising a Supporting 
structure, a carriage mounted on said Support 
ing structure and guided to move thereonina 
rectilinear path, a work spindle and a cam mount 
ed on said carriage with provision for rotation 
about separate axes both transverse to said path 
and Spaced apart one from the other in the di 
rection of said path, transmission gearing be 
tween said spindle and cam for causing one to 
rotate when angular movement is imparted to 

75 the other from an external SOrce, nearts ex 
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ternal to the carriage coupled to One of the ele 
ments constituted by the cam and spindle for 
imparting angular movement to said element, an 
abutment mounted on the Supporting structure 
in position to engage the cam, said cam having 
an engaging face of involute curvature and the 
abutment having a plane contact face, means 
for adjusting the abutment to place its said con 
tact face at different angles to the path of the 
carriage, whereby to alter the distance traversed 
by the carriage in consequence of a given angular 
movement of the cam, a cutting tool having an 
active face arranged in position to generate tooth 

7 
faces of the teeth of such workpieces in contact 
with the active face of the tool, a cam mounted 
on the carriage to rotate about an axis trans 
verse to the path of the carriage and at one side 
of the work spindle, means for imparting angular 
movement to the cam, an abutment mounted on 
the supporting structure in contact with the face 
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curves on a work piece mounted on said Work 
spindle, when the carriage is traversed across the 
plane in which said active face operates, and pro 
visions for adjusting the tool to bring the plane 
of operation of said active face at different in 
clinations to the path of the carriage, whereby 
to generate involute curves of different base circles 
in the Work. 

13. In a machine of the character set forth, 
a base, a carriage mounted to reciprocate in a 
given path on said base, a Support adjacent to 
one end of the path of said carriage, an abutment 
having a plane face transverse to said path 
mounted on said support and being adjustable 
angularly to vary the angle between said plane 
face and Saidpath, a cam having an involute face 
mounted on said carriage to bear at its involute 
face on the said abutment face and being angu 
larly rotatable about an axis substantially paral 
lel to the axis of angular adjustment of the abut 
ment, a work spindle mounted rotatably on the 
carriage With its axis Substantially parallel to 
the axis of said cam and displaced therefrom 
along the path of travel of the carriage, a tool 
head base Secured to the Supporting structure 
with provision for angular movement about an 
axis substantially coinciding with one of the po 
sitions occupied by the axis of the work spindle 
in the course of travel of the carriage, a tool 
head mounted on said tool head base, a cutting 
tool having an active face rotatably mounted on 
said tool head with its active face Substantially 
in a plane radial to the axis of adjustment of 
the tool head base and in a position to engage 
a Workpiece mounted on said spindle, mechanism 
between said cam' and spindle for transmitting 
angular movement from one to the other, and 
means for imparting such angular movement 
from an external Source to one of the elements 
constituted by the can and work spindle. 

14. In a tooth curve generating machine, a 
supporting structure, a cutting tool having an 
active face mounted to rotate in a relatively sta 
tionary location on said structure, a carriage 
mounted on said Supporting structure and guided 
to move in a path crossing the plane in which 
said active face rotates, a work spindle rotatably 
Supported on said carriage with its axis trans 
verse to the path of movement thereof adapted 
to carry a toothed work piece and to roll the 
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of the can for receiving the thrust thereof when 
the cam is turned in one direction, gear elements 
Secured to the cam and work spindle respectively, 
a rack bar having teeth engaged with both said 
gear elements and being free to move lengthwise, 
the portion of said rack bar which engages the 
gear element on the work spindle being rotatable 
about the length dimension of the bar and its 
teeth being of helical form, and means for ro 
tating Said portion of the rack bar whereby to 
give an increment of angular movement to the 
work Spindle additional to that imparted by the 
C2. w 

15. In a machine of the character described, a 
Supporting structure, a carriage mounted to move 
in a given path on said structure, a work spindle 
and a can mounted rotatably on said carriage 
on axes beside one another and transverse to 
the movement of the carriage, gear elements se 
cured to said spindle and can respectively, a 
compound rack having helical teeth meshing with 
the gear element which is secured to the work 
Spindle and other teeth meshing with the gear 
element which is secured to the cam, that por 
tion of the rack which carries said helical teeth 
being rotatable about the length dimension of 
the rack, an electric torque motor mounted on 
the supporting structure, a gear train between 
said motor and the rotatable portion of said rack 
for transmitting rotation to the rack, a stop nor 
mally restraining the motor from rotation, and 
means Operated by the carriage in the course 
of its travel for displacing said stop. 

16. A machine for the purpose set forth com 
prising a base, a carriage movable translatively 
on said base, a work spindle rotatably mounted 
in the carriage adapted to hold a work gear ele 

5 ment, a cutting tool rotatably supported in posi 
tion to cut the tooth faces of work gears mounted 
on said spindle, means for reciprocating the car 
riage and simultaneously imparting an angular 
component of movement to the work spindle in 
cluding a gear secured to the spindle and a rack 
bar having helical teeth meshing with said gear 
and being rotatable about the axis of the helical 
teeth, a potentially active motor in geared con 
nection with said rack bar tending constantly 
to rotate it, an index head in geared connection 
with said motor provided with a stop shoulder, 
a displaceable stop normally engaging said shoul 
der for preventing action of the motor, and means 
operated by the carriage at a predetermined point 
in its travel for withdrawing said stop, whereby 
the motor is permitted to act. 

EDWARD W. MILLER. 

  


