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The present invention relates to a method 
and apparatus for finishing longitudinally 
curved tooth gears by grinding. 
The primary object of this invention is to 

provide a method and apparatus for finish 
ing the surfaces of gear teeth by grinding, 
after they had been cut and hardened, where 
by they will have accurately finished and 
smooth running tooth surfaces. 
A further object of the invention is to pro 

vide mechanism which will grind the tooth 
surfaces to the desired finish in a rapid and 
efficient manner. 
A still further object of the invention is ls to provide apparatus for grinding longitudi 

nally curved tooth gears which will be simple 
in operation and inexpensive to construct. 
Other objects of the invention will be ap 

parent hereinafter from the specification and 
5 from the recitation of the accompanying 

claims. . 

In the drawings, I have illustrated certain 
preferred embodiments of my invention. It 
will be understood, however, that it is not, 

25 intended to limit the invention to the particu 
lar embodiments shown, but that the inven 
tion is capable of further modification within 
its scope and the limits of the appended 
claims. 

In the drawings: w 
Figs. 1 to 4 inclusive are diagrammatic 

views, showing the preferred form of tool, 
employed in practising my invention, and 
illustrating by way of comparison the advan 
tages of this form; 

Figs. 5 and 6 are diagrammatic views ill 
lustrating the manner of employing the tool 
in grinding a gear whose teeth are curved 
longitudinally in the form of a circular arc 
or a gear which is conjugate to such a longi 
tudinally curved tooth gear; 

Figs. 7 and 8 are a side elevation and a plan 
view, respectively, of one form of grinding 
larachine constructed according to this inven 
tion; 

Fig. 9 is a fragmentary side elevation, 
showing the means for imparting a relative 
rolling motion between the grinding wheel 
and the gear to be ground in the machine of 
Figs. 7 and 8; 

0. 
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Figs. 10 and 11 are a side elevation and 
plan view, respectively, of a somewhat modi 
fied form of machine; 

Fig. 12 is a vertical sectional view, showing 
the tool mounting employed in grinding 
gears whose teeth are curved longitudinally 
on other than circular arcs, or gears conju 
gate to such curved tooth gears; 

Fig. 13 is a section on the line 13-13 of Fig. 12; 
Fig. 14 is a diagrammatic view illustrating 

the method of positioning the grinding wheel 
for grinding a gear whose teeth are longi 
tudinally of involute curvature; 

Figs. 15 and 16 are a side elevation and a 
plan view, respectively, showing one form 
of dressing mechanism which may be em 
ployed with apparatus constructed accord 
ing to this invention to dress the grinding 
wheel; 
Figure it is a section on the line 17-17 of Figure 7; 
Figure 18 is a detail view of parts of the 

generating mechanism shown in Figure 9; 
Figures 19 and 20 are a transverse sec 

tional view and a longitudinal sectional view, 
respectively, of the dresser actuating mecha 
is, shown generally in Figures 15 and 16; 
al 

Figure 21 is a partial rear elevation of the 
machine shown in Figures 10 and 11. 

It is customary to grind the tooth surfaces 
of a gear after the same has been cut and 
heat-treated in order to remove from the fin 
ished tooth surfaces any imperfection due to 
the hardening or heat-treating process. The 
present invention is intended principally for 
finishing the tooth surfaces of curved tooth 
tapered gears, though it may be applied also 
to the grinding of curved tooth spur gears 
or curved tooth gears of other types. 

In general, the present invention consists 
in employing a rotary grinding wheel and 
imparting to this wheel a rotary movement 
on its axis while simultaneously moving it, 
preferably reciprocating it, in a curved path 
across the face of the gear being ground. If 
the tooth profiles of the gear to be ground 
have been generated, an additional generat 
ing or rolling movement will be imparted, si 
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multaneously with the grinding movement, 
between the wheel and gear. 
Curved tooth gears are ordinarily pro 

duced in a cutting operation with a rotary 
annular face mill. These tools are provided 
with a plurality of annularly arranged cut 
ting blades, each of which is relieved rear 
wardly of its cutting edge or edges to pro 
vide the required clearance during cutting. 
Gears cut with such tools may be ground 
with a grinding wheel of similar structure, 
that is, with a rotary annular grinding wheel. 
The grinding surface of such a wheel, how 
ever, is uninterrupted and cannot be relieved. 
Difficulty is sometimes experienced, there 
fore, in grinding curved tooth gears, with 
such wheels, in maintaining sufficient clear 
ance between the grinding surfaces of the 
wheel and the tooth surfaces being ground. 
Where the required clearance cannot be se 
cured there is always the possibility that the 
contacting surfaces of wheel and gear will 
become overheated and serious damage to 
the gear tooth surfaces may result. My in 
vention provides a method of grinding curved 
tooth gears in which sufficient clearance be 
tween the sides of the teeth and the operat 
ing surfaces of the grinding wheel may be 
always secured and through which "burn 
ing” of the gear tooth surfaces is entirely 
prevented. 
As has already been stated, the present in 

vention includes the use of a rotary grinding 
wheel which is simultaneously rotated on its 
axis and preferably reciprocated in a curved 
path across the face of the gear being ground. 
The wheel employed will have a profile con 
jugate to the profile of the gear tooth being 
ground. In grinding a generated gear the 
profile of the wheel surfaces will be that of 
the basic gear with which during the gener 
ating motion the gear theoretically rolls. 
In its preferred form, the wheel employed 

with my invention will be of dished shape, 
since I have found that with this form of 
wheel I can always obtain uniform side clear 
ance. The use of such a wheel, moreover, will 
give increased strength and prolonged life. 
The advantages of this form of wheel are 

illustrated diagrammatically in Figs. 1 to 4 
inclusive where the preferred type of wheel 
10 is compared with a disc grinding wheel 11. 
The dotted lines 12 and 13 in Figs. 1 and 3 represent respectively planes tangent to the 
pitch and root surfaces of the gear to be 
ground, while the sections of Figs. 2 and 4 
are sections in the plane 12, tangent to the 
pitch surface of this gear or in any plane 
parallel thereto. The wheel 11 is provided 
with operating surfaces 14 and 14 and the 
wheel 10 with operating surfaces 16 and 16'. 
The operating surfaces in each case have a 
profile conjugate to the profile of the teeth 
to be ground. The pitch lines of the tooth 
sides to be ground are indicated by the lines 
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17 and 18 one of which 18 is curved longi 
tudinally about the center 19. If the gears 
were cut "spread blade', that is, two adjacent 
tooth sides simultaneously, the sides 17 and 
18 will both be curved about the center 19. It 
will be seen that the wheel 11 in section is 
provided with operating surfaces both of 
which are convex. The side 14 will readily 
clear the side 18 of the tooth space, but the 
other operating surface 14 of this wheci con 
tacts along its whole length with the tooth 
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side 17. This side 14' is curved about a cen 
ter 15 which lies on the opposite side of the 
tooth space from the center 19 of tooth curva 
ture and ordinarily the clearance between this 
side 14 and the tooth side 18 will be too 
great. The wheel 11, therefore, clears too 
much on one side and not enough on the other. 
Its structure, therefore, is undersirable. The 
wheel 10 on the other hand is of general cres 
cent shape in the tangent plane and its op 
erating surfaces 16 and 16 will have a desir 
able amount of clearance with reference to the 
sides of the teeth each operates upon. The 
operating surfaces of the wheel 10 are respec 
tively convex and concave conforming in this 
respect to the sides of the tooth space so that 
the size of the wheel and its area of contact 
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can be readily controlled. The wheel 10, 
moreover, can be made larger than the wheel 
11 without interfering with the tooth sides. 
This latter 
long life. 
In the form illustrated, the operating sur 

faces of the wheel 10 are parts of conical sur 
faces whose apexes lie on the same side of a 
plane drawn perpendicular to the axis' 20 of 
the wheel at its tip surface 21. It will be 
understood, however, that I do not desire to 
limit my invention to the use of conical op 
erating surfaces, but that the operating sur 
faces may be of any desired or suitable 
geometric form. 

In grinding gears whose teeth are curved 
longitudinally on circular arcs or ingrinding 
gears conjugate to such longitudinally curved 
tooth gears, the grinding wheel 10 will pref 
erably be so positioned that its axis 20 passes 

quality makes for strength and 
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through the center 19 of tooth curvature. 
The relationship between the grinding wheel 
10 and the rotary face mill 22 employed in 
cutting the gears 23 to be ground is illus 
trated in Figs. 5 and 6. The profile of the 
grinding wheel is the same as the profile of 
the cutter, and the grinding wheel will be 
moved in the same path as that in which the 
blades of the cutter 22 moved during cut 
ting. The grinding wheel will be positioned 
with its axis passing through the center 24 of 
the cutter which is the center of tooth curva 
ture and will be rotated on its axis while be 
ing simultaneously swung about the center 24. 
The structure of the grinding wheel is ca 

pable of modification within practical limits. 
Preferably the wheel will be of such form that 
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the points 25 and 26 of intersection of nor 
mals 28 and 29 with the tool axis 20 will be 
at the same relative distances from the center 
of tooth curvature 19, as the centers 30 and 
31 about which the grinding wheel operat 
ing surfaces are curved in the tangent plane 
are from the center of tooth curvature 19. 
This construction insures of uniform side 
clearance on both sides of the grinding wheel. 
One form of machine suitable for practis 

ing this invention is illustrated in Figs. 7 
and 8. Here the grinding wheel 10 is mount 
ed upon a tool spindle 35 which is journaied 
in suitable bearings in a member 36 which is 
mounted upon the inclined surface of a car 
rier 37 which is mounted for lateral adjust 
ment in guides 38 formed on the cradle or 
carrier 39 oscillatably mounted on the frame 
40 of the machine. The grinding wheel is 
rotated on its axis and simultaneously there 
with oscillated across the face of the gear 23 
which is to be ground. 
grinding wheel, a motor 41 is provided. This 
motor drives the grinding wheel through the 
bevel gearing 42, one member of which has a 
splined connection with the tool spindle 35. 
The reciprocatory or oscillatory motion of 
the grinding wheel is derived from a second 
motor 43 which is secured to the frame of the 
machine and which actuates through a worm 
44 and a worn wheel 45 a crank member 46 
which is journaled in suitable bearings 47 
and 48 provided on the frame. This crank 
member 46 is connected by the connecting rod 
49 with a sleeve 50 within which the drive 
spindle 51 is housed. By means of the crank 
and connecting rod the grinding wheel is 
oscillated about the axis of the drive spindle. 
To prevent vibration, a fly wheel 52 may be 
provided which is mounted on the bearing 
stud 53 of the crank 46. 
Where generated gears are to be ground, 

it is necessary to impart in addition to the 
rotary and oscillatory movements of the 
wheel, a relative rolling movement between 
the wheel and gear. This rolling movement 
may be accomplished through any suitable 
form of mechanism. In the machine shown, 
the generating motion is effected from a 
motor 54 which is mounted along side the 
motor 41 and which actuates through a worm 
55 and a worm wheel 56 (Fig. 9) a crank mem 
ber 57 which is connected by the connecting 
rod 58 with a spur gear segment 59 rotatably 
mounted on the frame of the machine. The 
spur gear segment. 59 meshes with an internal 
segment 60 which is secured to the cradle or 
carrier 39 on which the grinding wheel is 
mounted. This cradle or carrier 39 oscillates 
about a bearing 62 (Fig. 8) whose center is 
on the axis of the basic crown gear or other 
basic gear with which the gear being ground 
rolls, theoretically, during the grindling op 
eration. The cradle or carrier 39 is guidéd 
during its oscillatory movement by means of 

For rotating the 

ways which engage the guide 63 provided on 
the frame of the machine. To the cradle 39 
is secured a gear segment 64 (see also Fig. 
18) which meshes with a bevel gear segment 
65 which is secured to the blank or gear spin 
dle 66. Actuation of the motor 54 will cause 
the segment 59 to oscillate the segment 60 
through the crank 57 and connecting rod 58. 
The oscillation of the segment 60 will im 
part an oscillatory movement to the cradle 
or carrier 39 and simultaneously there with 
an osciliatory movement to the blank or gear 

3. 
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spindle. Through the combined movements 
of cradle and blank spindle a relative rolling 
movement is imparted between grinding 

During wheel and blank during grinding. 
engagement with the wheel, the tooth sides 
of the gear roll in one direction or the other 
On the surfaces of the grinding wheel. When 
the grinding wheel is out of engagement with 
the gear, the gear is indexed. 
The blank carrier 68 may be adjusted on 

the upright 69 formed on the frame 40 to po 
sition the gear 23 to be ground at any de 
sired angle and bolts 70 which engage in 
T-slots 71 in the carrier 68 may be utilized to 
secure the gear in the desired position. The 
grinding wheel may be adjusted so that it 
inay grind gears of different sizes and dif 
ferent spiral angles by adjustment of the 
carrier 37 in the guides 38, by adjustment 
of the member 36 upon the carrier 37, and 
by rotation of the worm 72 and worm wheel 73 (Figs. 9 and 12) which latter adjustment 
alters the position of the wheel relative to 
the stroke of the connecting rod 49. Two 
carriers 37 and two guide portions 38 may be 
provided on the machine so as to assist in 
readily positioning the wheel for grinding 
gears of opposite hand. 

In the machine shown, the grinding wheei 
will rotate on its axis and simultaneously be 
reciprocated in a curved path across the face 
of the gear being ground. Simultaneously 
there with, the rolling motion already re 
ferred to will be imparted to the blank. 
After the sides of one tooth space have been 
finished, the blank will be indexed to the 
next tooth space. The indexing mechanism 
74 empioyed may be of any suitable charac 
ter and forms no part of the present inven 
tion. - 

in Figs, 10, 11 and 21. I have illustrated a 
somewhat modified form of machine. The 
means for imparting to the grinding wheel 
its rotary and oscillatory movement is the 
same as in the machine just described. The 
generating or rolling motion, however, is ob 
tained through a different arrangement of 
mechanism. This mechanism includes a mo tor 75 mounted upon an upright 76 and oper 
atively connected with a drive shaft 7 to 
which is fastened a worm 78 which meshes 
with a worm wheel 79 upon a transverse shaft 
80. The shaft 80 drives through the bevel 
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gearing 81, the telescoping shaft 82, the bevel 
gearing 83, the shaft 84, the worm 85 and 
the worm wheel 86, the blank or gear spindle 
87 to thereby impart to the gear 88 to be 
ground a rotary movement on its axis. The 
shaft 80 is connected through change gears 90 
with a shaft 91 which carries a worm 92 which 
meshes with a worm wheel segment 93 which 
is secured to the cradle or carrier 94, which, 
as in the previous embodiment is oscillatable 
about an axis 95 representing the axis, of the 
gear with which during the generating oper 
ation the gear being ground is rolled. For 
indexing the blank any suitable type of in 
dexing mechanism, indicated generally at 96, 
may be provided. The blank and wheel ad 
justments are the same as already described. 
In the machines described, a pump 97 is 

provided for pumping the cooling fluid from 
a reservoir in the base of the machine through 
a conduit 98 to the vicinity of the grinding 
operation. This pump is actuated by a pulley 
99 driven by a pulley 100 secured to the worm 
shaft 44'. The coolant after use falls in the 
basin 101 and returns to the reservoir through 
the pipe 102. : 
Where it is desired to grind gears, the lon 

gitudinal curvature of whose teeth is of other 
than circular are form, a tool drive such as 
illustrated in Figs. 12 and 13 may be em 
ployed. In this construction, means is pro 
vided for altering the path of movement of 
the wheel so that it will conform to the curva 
ture of the teeth to be ground. This means 
includes a cam 110 of suitable form which is 
secured to the drive spindle housing 111 and 
which engages with rollers 112 and 113 which 
are mounted on the frame. As the grinding 
wheel oscillates across the face of the blank, 
therefore, it will be moved toward and from 
its axis of oscillation, the axis of the drive 
shaft 51, to thus describe other than a circu 
lar arc across the face of the blank. To in 
sure constant engagement of the rollers and 
cam, one of the rollers 112 may be carried 
on a sleeve 114 which is slidably mounted in 
a recess in the frame and which is actuated 
by the coil spring 115 constantly into engage 
ment with the cam. The embodiment shown 
is constructed for grinding curved tooth 
gears where the basic member, as the crown 
gear 116 has teeth 117 which are of involute 
curvature lengthwise. In grinding such 
gears, the tool axis 20 will be adjusted ini 
tially so that the tool oscillates about the point 
118 lying on the base circle 119 from which 
the longitudinal curvature of the teeth, is 
The invention is applicable to the grinding 

of other types of longitudinally curved tooth 
gears also and by substitution of a proper 
form of cam the desired tool movement can 
be obtained. 
To maintain the proper grinding profile, 

the grinding wheel should be, periodically 
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dressed. This may be done by hand or auto 
matically. One form of dressing mechanism 
is shown in Figs. 15, 16, 19, and 20. This 
dressing mechanism is mounted on a bracket 
120 which is secured to the blank head. The 
mechanism includes a pair of diamonds 121 
and 122 which are mounted on reciprocable 
slides 123 and 124. The slides are recipro 
cated by means of cams 125 and 126 which are 
provided with helical grooves of opposite 
hand and which engage pins. 145 secured to 
the slides. The cams are driven from a single 
bevel gear 127 through individual bevel pin 
ions 128 and 129 which are keyed to the shafts 
130 and 131 upon which the cams are 
mounted. Rotation of the shafts 130 and 
131, as is obvious, will cause the dressing dia 
monds to be moved back and forth across the 
operating surfaces of the grinding wheel to 
maintain the same in proper grinding posi 
tion. In the embodiment illustrated, a motor 
132 is shown employed for actuating the dia 
monds. This motor which may be periodi 
cally started through any suitable form of 
electrical timing device or any other suitable 
mechanism, drives the bevel gear 127 through 
the shaft 134, the worm 135 and the worm 
wheel 136 which is mounted on the shaft 137 
to which the bevel gear 127 is keyed. The 
dressing mechanism is so positioned that the 
grinding wheel may be dressed when it has 
been swung clear of the gear being ground. 
The dressing diamonds can be adjusted to 
dress wheels of different pressure angle by. 
moving the slide carriers 138 and 139 on the 
bracket 120. These slide carriers can be se 
cured in any adjusted position by means of 
bolts 140 which engage in circular slots 141 
formed on the bracket 120. The diamonds 
can be adjusted to take up for wear by means 
of knurled nuts 142. 
While I have illustrated certain preferred 
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embodiments of my invention, it will be un 
derstood that this invention is capable of 
further modification within the limits of the 
disclosure, and the scope of the appended 
claims and that this application is intended 
to cover any variations, uses, or adaptations 
of my invention, following, in general, the 
principles of the invention and including 
such departures from the present disclosure 
as come within known or customary practise 
in the gear art and as may be applied to the 
essential features hereinbefore set forth and 
as fall within the limits of the accompanying 
claims. -- 

Having thus described my invention, what 
I claim is: 

1. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which censists in rotating a grinding wheel 
on its axis while moving it in a longitudinally 
curved path across the face of the gear to be 
ground and simultaneously imparting a rela 
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tive rolling motion between said wheel and 
ea. 

9. 2. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis and simultaneously reciprocating 
it in a longitudinally curved path across the 
face of the gear to be ground. 

3. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis while moving it in a longitudinally 
curved path across the face of the gear to be 
ground and simultaneously imparting an ad 
ditional relative motion between the wheel 
and gear for grinding the tooth profiles. 

4. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis while reciprocating it in a longi 
tudinally curved path across the face of the 
gear to be ground and simultaneously impart 
ing an additional relative movement between 
the wheel and gear for grinding the tooth profiles. 

5. The method of grinding the side tooth surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis and simultaneously imparting to 
it an oscillatory movement about another axis 
to move the wheel across the face of the gear 
to be grotund. . - 

6. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis and simultaneously oscillating it 
about another axis to move the wheel in alon 
gitudinally curved path across the face of the 
gear, and simultaneously imparting an addi 
tional relative movement between the wheel 
and gear for grinding the tooth profiles. 

7. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
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which consists in reciprocating in a longitu 
dinally curved path across the face of the 
gear to be ground, a grinding tool having an 
operating portion of general crescent shape 
in a section tangent to the pitch surface of the gear to be ground. 

8. The method of grinding the side tooth surfaces of a longitudinally curved tooth gear 
which consists in reciprocating in a longitu 
dinally curved path across the face of the 
gear to be ground, a grinding tool having an 
operating portion of general crescent shape 
in a section tangent to the pitch surface of the 
gear and simultaneously imparting a relative 
rolling motion between said tool and gear. 

60 9. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel, having active grinding surfaces which 
are portions of the outside and inside surfaces 
of the wheel, and positioning said wheel rela 
tive to the gear to be ground so that its axis 

S 

is inclined at an acute angle to a planetangent 
to the pitch surface of the gear to be ground, 
and imparting to the wheel the rotary mo 
tion on its axis and simultaneously moving 
it in a longitudinally curved path across the 
face of the gear to be ground. 

10. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel, having active grinding surfaces which 
are portions of the outside and inside sur 
faces of the wheel, and positioning said wheel 
relative to the gear to be ground so that its 
axis is inclined at an acute angle to a plane 
tangent to the pitch surface of the gear, ro 
tating the grinding wheel on its axis while 
simultaneously moving it in a longitudinally 
curved path across the face of the gear to be 
round and simultaneously imparting an ad 
El relative movement between the wheel 
and gear to grind the profiles of the gear 
teeth. 

11. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel having active grinding surfaces which 
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are portions of the inside and outside surfaces . 
of the wheel, and positioning said wheel rela 
tive to the gear to be ground so that its axis 
is inclined at an acute angle to a plane tan 
gent to the pitch surface of the gear, and ro 
tating the wheel on its axis while simulta 
neously reciprocating it in a longitudinally 
curved path across the face of the gear. 

12. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel having active grinding surfaces which 
are portions of the outside and inside surfaces of the wheel, and positioning said wheel rela 
tive to the gear to be ground so that its axis 
is inclined at an acute angle to a plane tan 
gent to the pitch surface of the gear, rotating 
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the wheel on its axis and simultaneously re 
ciprocating it in a longitudinally curved path 
across the face of the gear to be ground while 
imparting an additional relative movement 
between the wheel and 
files of the gear teeth. 

13. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel having an active grinding surface 
which is a portion of the concave surface of 
Said wheel rotating the wheel on its axis and 
simultaneously reciprocating it in a longi 
tudinally curved path across the face of the gear to be ground 

14. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel having an active grinding surface 
which is a portion of the concave surface of 
said wheel, rotating the wheel on its axis 
while reciprocating it in a longitudinally 
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curved path across the face of the gear to be 
ground and simultaneously imparting a rela 
tive rolling motion between said wheel and 
e8. 

g 15. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in selecting a dished grinding 
wheel having an active grinding surface 
which is a portion of the concave surface of 
said wheel, rotating the wheel on its axis 
while reciprocating it in a longitudinally 
curved path across the face of the gear to be ground and simultaneously imparting an ad 
ditional relative motion between the wheel. 
and gear for grinding the tooth profiles. 

16. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in employing a dished grind 
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ing wheel having active grinding surfaces 
which are portions of the inside and outside 
surfaces of the wheel, positioning said wheel 
so that its axis is inclined to a plane tangent 
to the pitch surface of the gear to be ground, 
rotating said wheel on its axis and simultane 
ously oscillating said wheel about another 
axis to move the tool in a longitudinally 
curved path across the face of the blank. 

17. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in employing a dished grind 
ing wheel, having active grinding surfaces 
which are portions of the inside and outside 
surfaces of the wheel, positioning said wheel 
so that its axis is inclined to a plane tangent 
to the pitch surface of the gear to be ground, 
rotating said wheel on its axis while oscil 
lating it about another, axis to move the 
tool in a longitudinally curved path across 
the face of the blank and simultaneously 
imparting a relative rolling motion between 
said wheel and gear. - 

18. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in employing a dished grind 
ing wheel having active grinding surfaces 
which are portions of the outside and inside 
surfaces of the wheel, positioning said wheel 
so that its axis is inclined to a plane tangent 
to the pitch surface of the gear to be ground, 
rotaing said wheel on its axis while simul 
taneously oscillating said wheel about an 
other axis to move the wheel in a longitu 
dinally curved path across the face of the 
gear, and simultaneously imparting an addi 
tional relative movement between the wheel 
and gear for grinding the tooth profiles. 

19. The method of grinding the longitu 
dinally convex side surfaces of a longitudi 
nally curved tooth gear which consists in em 
ploying a dished grinding wheel, having an 
active grinding surface which is a portion of 
the concave surface of the wheel, positioning 
said wheel so that its axis is inclined at an 
acute angle to a plane tangent to the pitch 
surface of the gear to be ground, rotating 
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said wheel on its axis and simultaneously 
oscillating said wheel about another axis to 
move the wheel in a longitudinally curved 
path across the face of the gear. 

20. The method of grinding the longitu 
dinally convex side surfaces of a longitudi 
nally curved tooth gear which consists in em 
ploying a dished grinding wheel, having an 
active grinding surface which is a portion of 
the concave surface of the wheel, positioning 
said wheel so that its axis is inclined at an 
acute angle to a plane tangent to the pitch 
surface of the gear to be ground, rotating 
said wheel on its axis while oscillating it 
about another axis to move the wheel in a 
longitudinally curved path across the face of 
the gear and simultaneously imparting a rela 
tive rolling motion between said wheel and 
gear. 

21. The method of grinding the longitu 
dinally convex sides of the teeth of a longi 
tudinally curved tooth gear which consists in 
employing a dished grinding wheel having 
an active grinding surface which is a portion 
of the concave surface of the wheel, and po 
sitioning said wheel so that its axis is in 
clined at an acute angle to a plane tangent 
to the pitch surface of the gear to be ground, 
rotating said wheel on its axis and simultane 
ously oscillating said wheel about another 
axis to move the wheel in a longitudinally 
curved path across the face of the gear and 
simultaneously imparting an additional rela 
tive movement between the wheel and gear 
for grinding the tooth profiles. 

22. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis while imparting to the wheel an 
Oscillatory motion on a separate axis and si 
multaneously therewith imparting a relative 
movement between said wheel and the geal: 
to be ground toward and away from said axis 
of oscillation to cause the wheel to trace a 
path other than a circular arc across the 
face of the gear. 

23. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in rotating a grinding wheel 
on its axis while imparting to the wheel an 
oscillatory motion on a separate axis and 
simultaneously therewith imparting a rela 
tive movement between said wheel and the 
gear to be ground toward and away from 
said axis of oscillation to cause the wheel to 
trace a path other than a circular.al'c across 
the face of the gear to be ground and simul 
taneously imparting a relative rolling motion 
between said wheel and gear. 

24. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in positioning a dished grind 
ing wheel, having active grinding surfaces 
which are portions of the inside and outside 
surfaces of said wheel, so that its axis is in 
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clined at an acute angle to a plane tangent to 
the pitch surface of the gear to be ground, 
rotating said grinding wheel on its axis, while 
imparting to the wheel an oscillatory motion 

5 on a separate axis and simultaneously there 
with imparting a relative movement between 
said wheel and the gear to be ground toward 
and away from said axis of oscillation to 
cause the wheel to move in a path other than 
a circular arc across the face of the gear. 

25. The method of grinding the side tooth 
surfaces of a longitudinally curved tooth gear 
which consists in positioning a dished grind 
ing wheel, having active grinding surfaces 
which are portions of the inside and outside 
surfaces of said wheel, so that its axis is in 
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clined at an acute angle to a plane tangent 
to the pitch surface of the gear to be ground, 
rotating said grinding wheel on its axis, while 
imparting to the wheel an oscillatory motion 
on a separate axis and simultaneously there 
with imparting a relative movement between 
said wheel and the gear to be ground toward 
and away from said axis of oscillation to 
cause the wheel to move in a path other than 
a circular arc across the face of the gear and 
simultaneously imparting a relative rolling 
motion between said wheel and gear. 

26. The method of grinding the side tooth 
20 surfaces of a longitudinally curved tooth 

gear which consists in positioning a dished 
grinding wheel, having an active grinding 
surface which is a portion of the concave sur 
face of said wheel, so that its axis is inclined 

5 at an acute angle to a plane tangent to the 
pitch surface of the gear to be ground, rotat 
ing said wheel on its axis, while imparting 

40 
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to the wheel an oscillatory motion on a sep 
arate axis and simultaneously therewith im 
parting a relative movement between said 
wheel and the gear to be ground toward and 
away from said axis of oscillation to cause 
the wheel to move in a path other than a 
circular arc across the face of the gear. 

27. The method of grinding the side tooth. 
surfaces of a longitudinally curved tooth 
gear which consists in positioning a dished 
grinding wheel having an active grinding 
surface which is a portion of the concave 
surface of said wheel, so that its axis is in 
cluned at an acute angle to a plane tangent 
to the pitch surface of the gear to be ground, 

wheel and the gear to be ground toward and 

rotating said wheel on its axis, while impart 
ing to the wheel an oscillatory motion on a 
separate axis and simultaneously therewith 
imparting a relative movement between said 
away from said axis. of oscillation to cause 

0. the wheel to move in a path other than a cir cular arc aeross the face of the gear and si 
multaneously imparting a relative rolling 
motion between said wheel and gear. 
surfaces of a longitudinally curved tooth. 
gear which consists in employing a dished 

7 

Eding wheel, having conical grinding sur 
aces whose apexes lie on the same side of a 
plane perpendicular to the axis of the wheel 
at its tip, positioning said wheel so that its 
axis is inclined to a plane tangent to the 
pitch surface of the gear to be ground and 
rotating said wheel on its axis while recipro cating 
across the face of the gear being ground. 

29. The method of grinding the side tooth 
Surfaces of a longitudinally curved tooth 
grinding wheel, having conical grinding sur 
faces whose apexes lie on the same side of a 
plane Perpendicular to the axis of the wheel 
at its tip, positioning said wheel so that its 
axis is inclined to a plane tangent to the pitch 
surface of the gear to be ground, rotating 
said wheel on its axis, and reciprocating said 
wheel in alongitudinally curved path across 
the face of the gear being ground while im 
parting a relative rolling motion between 
said wheel and gear. x . " 

80. The' method of grinding the side tooth 
Surfaces of a longitudinally curved tooth 
gear which consists in employing a dished 
grinding wheel, having conical grinding sur 
faces whose apexes lie on the same side of a 
plane perpendicular to the axis of the wheel 
at its tip, positioning said wheel so that its 
axis, is inclined to a plane tangent to the 
pitch surface of the gear to be ground, rotat 
ing said wheel on its axis and simultaneously 
Oscillating said wheel about another axis to 
move the wheel in a longitudinally curved 
path across the face of the gear. 
8. The method of grinding the side tooth 

Surfaces of a longitudinally curved tooth 
gear which consists in employing a dished 
grinding wheel, having conical grinding sur 
faces whose apexes lie on the same side of a 
plane perpendicular to the axis of the wheel 
at its tip, positioning said wheel so that its 
axis is inclined at an acute angle to a plane 
tangent to the pitch surface of the gear to be 
ground, rotating said wheel on its axis and 
simultaneously oscillating said wheel about 
another axis to move the wheel in a longi 
tudinally curved path across the face of the 
gear, and simultaneously producing an addi- it; 
tional relative movement between the wheel and gear for grinding the tooth profiles. . 

32. In a machine for gSAF longitudi 
nally curved tooth gears, a blan 
movement to the grinding wheel and means 
for simultaneous 
in a longitudinally, curved 
face of the gear being groun 

83. In a machine for grinding longitudi 

k support, a 
grinding wheel, means for imparting a rotary 

it in a longitudinally curved path 

gear which consists in employing a dished 
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ly moving the wheel bodily. 
path across the 

nally curved tooth gears, a blank support, a 
- grinding wheel, means for imparting a rotary 28. The method of grinding the side tooth movement to the grinding wheel, means for 

simultaneously moving the wheel bodily in a 
longitudinally curved path across the face it 
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of the gear being ground and means for si 
multaneously imparting a relative rolling 
motion between said wheel and gear. 

34. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding wheel, means for imparting a ro 
tary movement to the grinding wheel, means 
for simultaneously moving the wheel bodily 
in a longitudinally curved path across the 
face of the gear being ground and means for 
simultaneously imparting an additional rela 
tive motion between the wheel and gear for 
grinding the tooth profiles. 

35. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding wheel, means for rotating the 
grinding wheel on its axis and means for 
simultaneously reciprocating the wheel bod 
ily in a longitudinally curved path across 
the face of the gear to be ground. 

36. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding wheel, means for rotating the grind 
ing wheel on its axis, means for simultane 

3 ously reciprocating the wheel bodily in a 
iongitudinally curved path across the face 
of the gear to be ground, and means for simul 
taneously imparting a relative rolling mo 
tion between said wheel and gear. 

37. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding wheel, means for rotating the grind 
ing wheel on its axis, means for simultane 
ously reciprocating the wheel bodily in a 
longitudinally curved path across the face 
of the gear to be ground, and means for 
simultaneously imparting an additional rela 
tive motion between the wheel and grinding the tooth profiles. 

38. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, an 
oscillatable wheel carrier, a wheel spindle 
journaled therein, a grinding wheel secured 
to said spindle, means for oscillating the 
wheel carrier to move the wheel in a longi 
tudinally curved path across the face of the 
gear and means for simultaneously rotating 
the wheel on its axis. 

39. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, an 
oscillatable wheel carrier, a wheel spindle 
journaled therein, a grinding wheel mounted 
thereon, means for oscillating the wheelcar 
rier to move, the wheel in a longitudinally 

gear for 
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wheel, journaled in said tool supports, with 
its axis inclined at an acute angle to a plane 
tangent to the pitch surface of the gear to be 
ground, means for rotating the grinding 
wheel on its axis and means for simultaneous 
ly reciprocating said grinding wheel bodily 
in a longitudinally curved path across the 
face of the gear to be ground. 

41. In a machine for grinding longitu 
dinally curved tooth gears, a blank support, 
a tool support, a dished grinding wheel, 
having active grinding surfaces which are 
portions of the inside and outside surfaces 
of the wheel, journaled in said tool supports, 
with its axis inclined at an acute angle to 
a plane tangent to the pitch surface of the 
gear to be ground, means for rotating the 
grinding wheel on its axis, means for simul 
taneously reciprocating said grinding wheel 
bodily in a longitudinally curved path across 
the face of the gear to be ground and means 
for simultaneously imparting a relative roll 
ing motion between said wheel and gear. 

42. In a machine for grinding longitudi 
nally curved tooth gears, a gear support, a 
tool support, a grinding wheel mounted on 
said support, means for rotating the grind 
ing wheel on its axis, means for simultane 
ously imparting to the grinding wheel an 

?urved path across the face of the gear, means 
for simultaneously rotating the wheel spindle 
on its axis, and means for simultaneously 
imparting an additional relative movement 

and gear support. 

oscillatory movement about a separate axis, 
and means for simultaneously imparting a 
relative movement between said wheel and 
the gear to be ground toward and from said 
axis of oscillation to cause the wheel to move 
in a path other than a circular arc across the 
face of the gear. 

43. In a machine for grinding longitudi 
nally curved tooth gears, a gear support, a 
tool support, a grinding wheel, having an 
operating portion of general crescent shape 
in a plane tangent to the pitch surface of the 
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gear to be ground, mounted on said tool sup 
port, means for rotating the grinding wheel 
on its axis, means for simultaneously im 
parting to the grinding wheel an oscillatory 
movement about a separate axis, means for 
simultaneously imparting a relative move 
ment between said wheel and the gear sup 
port toward and from said axis of oscillation 
to cause the wheel to move in a path other 
than a circular arc across the face of the 
gear and means for simultaneously imparting 
a relative rolling motion between said wheel 

44. In a nichine for grinding longitudi 
inally curved tooth gears, a gear support, a 
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tool support, a grinding wheel mounted on 

between the wheel carrier and blank support for grinding the tooth profiles. . . . . . . . 
40. In a machine for grinding longitudi 

nally curved tooth gears, ablank support, a 
tool support, a dished grinding-wheel, hav 
ing active grinding surfaces which are por 
tions of the inside and outside surfaces of the 

gear to be ground toward and from said axis : 
30 

said support, means for rotating the grind 
ing wheel on its axis, means for simultane 
ously imparting to the grinding wheel an os 125 
cillatory movement about a separate axis, 
means for simultaneously-imparting a rela 
tive movement between said wheel and the 

of oscillation to cause the wheel to move in a 
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path other than a circular arc across the 
face of the gear, and means for simultane 
ously imparting a relative rolling movement 
between said wheel and gear support. 

45. In a machine for grinding longitudi 
nally curved tooth gears, a gear support, a 
tool support, a grinding wheel, having an 
operating portion of general crescent shape 
in a plane tangent to the pitch surface of the 
gear to be ground, mounted on said tool sup: 
port, means for rotating the grinding wheel 
on its axis, means for simultaneously impart 
ing to the grinding wheel, an oscillatory 
movement about a separate axis, and means 
for simultaneously imparting a relative 
movement between said wheel and the gear 
support toward and away from said axis 
of oscillation to cause the wheel to move in a 
path other than a circular arc across the 
face of the gear. 

46. In a machine for grinding longitudi 
nally curved tooth gears, a gear support, a 
tool support, a grinding wheel, having con: 
cave and convex operating surfaces adapted 
to operate on adjacent side tooth surfaces of 
the gear, mounted on said tool support, means 
for rotating the grinding wheel on its axis, 
means for simultaneously imparting to the 
grinding wheel an oscillatory movement 
about a separate axis, means for imparting 
a relative movement between said wheel and 
the gear support toward and away from the 
axis of oscillation of said wheel to cause the 
wheel to move in a path other than a circular 
arc across the face of the gear, and means 
for imparting a relative rolling motion be 
tween said wheel and gear support. . 

47. In a gear grinding machine, a gear 
support, a tool support, a rotatable grinding 
wheel mounted on said tool support, a motor 
drive for imparting to said grinding wheel 
its rotary motion, means for oscillating said 
grinding wheel to cause it to travel bodily in 
a longitudinally curved path across the face 
of the gear to be ground and a separate mo 
tor drive for actuating said oscillating 
88S. 

48. In a gear grinding machine, a gear 
Support, a tool support, a rotatable grinding 
wheel mounted on said tool support, a motor 
drive for imparting to said grinding wheel 
its rotary movement, means for simultaneous 
ly imparting to said grinding wheel an os 
cillatory motion, to cause said wheel to travel 
bodily in a longitudinally curved path across 
the face of the gear to be ground, a separate 
motor drive for actuating said oscillating 
means, means for imparting a relative roll 
ing motion between said wheel and the gear 
support, and a separate motor drive for ac 
tuating said last named means. 

49. In a machine for grinding longitudi 
nally curved tooth gears, a gear support, a 
tool support, a rotatable grinding wheel 
mounted on said tool support, a drive shaft, 
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means for imparting rotary motion from 
said drive shaft to said grinding wheel, and 
means for simultaneously oscillating said 
tool support about the axis of said drive shaft 
to cause said wheel to travel bodily in a 
longitudinally curved path across the face 
of the gear to be ground. 

50. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
dished grinding wheel, having active grind 
ing surfaces which are portions of the in 
side and outside surfaces of the wheel, means 
for positioning said wheel so that its axis is 
inclined at an acute angle to a plane tangent 
to the pitch surface of the gear to be ground, 
means for rotating the grinding wheel on its 
axis and means for simultaneously moving 
the wheel bodily in a longitudinally curved 
path across the face of the gear to be ground. 

51. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding wheel, having an operating portion 
of general crescent shapé in a plane tangent 
to the pitch surface of the gear to be ground, 
means for rotating the grinding wheel on its 
axis, means for simultaneously moving the 
wheel bodily in a longitudinally curved path 
across the face of the gear to be ground, and 
means for simultaneously imparting a rela 
tive rolling motion between said wheel and 
gear. 

52. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding tool, having an operating portion 
of general crescent shape in a plane tangent 
to the pitch surface of the gear to be ground, 
and means for reciprocating said grinding 
tool in a longitudinally curved path across 
the face of the gear to be ground. 

53. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding tool, having an operating portion 
of general crescent shape in a plane tangent 
to the pitch surface of the gear to be ground, 
means for reciprocating said grinding tool in 
a longitudinally curved path across the face 
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of the gear to be ground, and means for si 
multaneously imparting a relative rolling 
motion between said tool and gear. 

54. In a machine for 
nally curved tooth gears, a blank support, a 
grinding tool, having an operating portion 
of general crescent shape in a plane tangent 
to the pitch surface of the gear to be ground, 
and means for moving said grinding tool in 
alongitudinally curved path across the face 
of the gear to be ground. 

55. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding tool, having an operating portion 
of general crescent shape in a plane tangent 
to the pitch surface of the gear to be ground, 
means for moving said grinding tool in a 
curved path across the face of the gear and 
means for simultaneously imparting an addi 
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tional relative movement between the grind 
ing tool and gear for grinding the tooth 
profiles. 

56. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding tool, having an operating portion 
of general crescent shape in a plane tangent 
to the pitch surface of the gear to be ground, 
an oscillatory tool carrier, upon which said 
tool is mounted, and means for oscillating 
said tool carrier to move the tool in a longi 
tudinally curved path across the face of the 
gear to be ground. 

57. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
grinding tool, having an operating portion 
of general crescent shape in a plane tangent 
to the pitch surface of the gear to be ground, 
an oscillatory tool carrier upon which said 
tool is mounted, means for oscillating said 
tool carrier to move the tool in a longitudi 
nally curved path across the face of the gear 
to be ground and means for simultaneously 
imparting an additional relative movement 
between the tool carrier and blank support 
for grinding the tooth profiles. 

58. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, an 
oscillatable wheel support, a dished grinding 
wheel, having active grinding surfaces which 
are portions of the inside and outside sur 
faces of said wheel, journaled in said wheel 
support, means for rotating the wheel on its 
axis, and means for simultaneously oscillat 
ing the wheel support to move the grinding 
wheel in a longitudinally curved path across 
the face of the gear. 

59. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, an 
oscillatable wheel support, a dished grinding 
wheel having actiye grinding surfaces, which 
are portions of the inside and outside sur 
faces of the wheel, journaled in said wheel 
support, means for rotating the grinding 
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wheel on its axis, means for simultaneously 
oscillating the wheel support to move the 
grinding wheel in a longitudinally curved 
path across the face of the gear to be ground 
and means for simultaneously imparting an 
additional relative movement between the 
wheel support and blank support for grind 
ing the tooth profiles. 

60. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
dished grinding wheel, means for position 
ing said wheel so that its axis passes through 
the point about which the tooth surface of 
the gear to be ground is curved, means for 
rotating. Said wheel on its axis, means for 
simultaneously oscillating said wheel about 
said point of curvature, and means for simul 
taneously imparting a relative rolling motion 
between said wheel and gear. 

61. In a machine for grinding longitudi 
nally curved tooth gears, a blank support, a 
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grinding wheel, having conical grinding 
surfaces whose apexes lie on the same side of 
a plane perpendicular to the axis of the 
wheel at its tip, means for rotating said 
grinding wheel on its axis, and means for 
simultaneously reciprocating said wheel bod 
ily in a longitudinally curved path across 
the face of the gears to be ground. 

62. In a machine for grinding longitudi 
nally curved tooth gears, a grinding wheel, 
having conical grinding surfaces whose 
apexes lie on the same side of a plane per 
pendicular to the axis of the wheel at its 
tip, means for rotating said wheel on its axis, 
means for sinnultaneously reciprocating said 
wheel bodily in a longitudinally curved path 
across the face of the gear to be ground, and 
means for simultaneously imparting a rela 
tive rolling motion between said wheel and 
gear. 

63. The method of grinding longitudinally 
curved tooth gears, which consists in em 
ploying a dished grinding wheel, whose op 
erating side surfaces are of general crescent 
shape in a plane tangent to the pitch surface 
of the gear to be ground, positioning said 
wheel so that the centers about which the 
operating side surfaces of said wheel are 
curved in said tangent plane are at the same 
relative distance from the center about which 
two adjacent side tooth surfaces of the gear 
are curved, as the normals to the operating side surfaces of said wheel are from said 
center of curvature, rotating said wheel on 
its axis and simultaneously reciprocating 
said wheel bodily in a longitudinally curved 
path across the face of the gear to be ground. - g 
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