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The present invention relates to machines for 
producing gears and particularly to machines for 
generating iongitidinally-Sulived tooth gears, 
Such as spiral bevel and hypoid gears, in an in 
termittent indexing operation. 

In machines of the internaittent indexing type 
for generating gears, a cycle of operation com 
prises feed of tool and work into engagement, rol 
Of too and Work relative to One another to get 
erate a tooth side or sides, withdrawal of the Work. 
from engagement with the tool, and indexing of 
the Work. The cycle is repeated for each tooth 
until the operation. On the gear is COinpleted. In 
a bevel or bypoid gear generator, the rolling no 
tion anay be achieved by rocking a Cradle, On 
Which either the tool or the Work is mounted, and 
simultaneously, and in time therewith, rotating 
the Work on its axis. Thereby the Work is rolled 
relative to the tool as though it, Were neshing 
with a gear of which the too represents a tooth. 
Generation nay take place during both for Ward 
and return noverrents of the Cradle and the Work 
may be indexed at the end of the return roll, or 
generation may take place during roll in one 
direction only, and the work may be disengaged 
fron the tool and indexed during the return roil. 

Conventional bevel and hypoid gear generators, 
which operate according to the intermittent in 
dexing principle, are made in two types, namely 
“segment-rol' and “geared-roll.’ In “segiment 
rol' machines, a gear Segnent, Which is con 
nected to the work, inneshes with a gear Segiment 
that has a fixed relation to the tool, and OScilla 
tion of the cradle causes one segment to roll on 
the other to impart the required rotation to the 
work in time with the cradle movement. The 
cradle may be oscillated by a can or eccentric. 
In “geared-roll' machines, both the Cradle and 
the work spindle are driven by trains of gearing 
which include change gears for timing their rela 
tive motioias, and a reversing Ilechanism is pro 
vided which periodically reverses these trains of 
gearing to cause osciliation of the Cradle and the 
required rotation of the Work. 

'Segment-roll' inachines are relatively simpie 
in construction because reversal is effected by 
the can or eccentric, Yhich rotates continuously 
in one direction, and because. the tinning of the 
notions of too and Work aire effected directly 
through the two segments. "Segment-roll' ma 
chines are, however, more or less Special purpose 
machines, because for each different gear that 
is to be produced, ordinarily at least a different 
work segment is required. The number and cost 
of the segments required to cover the full range. 
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of the machine make machines of this type, 
therefore, unsuitable for general purpose use. 

"Geared-roll' machines have the advantage 
that the ratio of roll between tool and work can 
be varied for different jobs simply by substitution 
of change gears, which are relatively inexpensive. 
In conventional "geared-roll' machines, however, 
reversing mechanism is required, as above stated; 
and a reversing mechanism is a complicated de 
Vice, difficult to time and expensive to construct 
if it is to operate quietly. 

In 'geared-roll' machines of the most univer 
Sal type for generating spiral bevel and hypoid 
gears in Which a face-mill cutter or annular 
grinding. Wheel is employed as a tool, there are 
tWO angular adjustments provided for the cutter 
aside from the adjustments required for spiral 
angle of the gear to be produced. These two an 
gular adjustinents permit of general control of 
the-tooth bearing of the gear to be produced, 
enable a gear to be generated conjugate to a 
mate form-cut gear as well as to a crown gear or 
other basic gear, and permit of using a Single 
cutter to cut gears of different pressure angles. 
Heretofore for at least one of these adjustments 
tilt about a pivot has been required. Thus the 
problem of clamping the cutter rigidly in its tilted 
position is presented. 

In conventional spiral bevel and hypoid gear 
generating machines of the "geared-roll' type, 
tool and Work are rolled together at a uniform 
rate during generation. This is true even though 
the ratio of roll may be varied during generation. 
Spiral bevel and hypoid gears-cution conventional 
'geared-roll' machines, therefore, have “fiats' or 
generating cuts that are unequally spaced along 
the lengths of their tooth surfaces. The “flats 
are closer together at the inner or small end of 
the tooth than at the outer or large end of the 
tooth. This means that the tooth surface finish 
On a gear generated on a conventional machine 
is not as good at the large end of the tooth as 
at the Small end thereof. 
One object of the present invention is to pro 

vide a gear generating machine which combines 
advantages of "segment-roll' and “geared-roll 
type machines without any of their disadvan 
tages. 
Another object of the present invention is to 

provide a gear generating machine which is uni 
Versal in character but relatively simple in con 
Struction. 
A further object of the invention is to provide a 

gear generating machine for bevel and hypoid 
gears in which both the work and the cradle are 
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driven by gear trains that include change gears 
but in which oscillation of the cradle is achieved 
without use of a reversing mechanism. 
Another object of the invention is to provide 

a universal type machine for generating longi 
tudinally curved tooth bevel and hypoid gears 
in which the cutter mounting and drive Will be 
much more rigid than in prior type machines. 
A further object of the invention is to provide 

a machine of the character described on Which 
the cutter can be adjusted angularly to represent 
a form-cut tapered gear as Well as a basic Crown 
gear and on which the cutter can also be adjusted 
angularly to cut gears of different pressure angles, 
and in which both of these adjustments are at 
tained without pivotal movement. 
Another object of the invention is to provide 

a gear cutting machine in which the cutter 
mounting will be relatively simple and compact. 
despite the number and range of cutter adjust 
ments required. 
A still further object of the invention is to 

provide a spiral bevel and hypoid gear generating 
machine in which work and cradle can be driven 
through gear trains including change gears but 
in which the rate of roll can be varied to Secure 
speeding-up and sowing-down of the roll at dif 
ferent points along the length of a tooth as may 
be desired. 

Still another object of the invention is to pro 
vide a spiral bevel and hypoid gear generating 
machine of the character described on which 
generating cuts of uniform width can be produced 
all along the length of a tooth Surface So that 
the same tooth surface finish can be attained at 
the large end of a tooth as at the Small end. 
Other objects of the invention will be apparent 

hereinafter from the specification and from the 
recital of the appended claims. 

In a machine constructed according to the pre 
ferred embodiment of the present invention, the 
generating motion of the machine is controlled 
by a barrel cam which drives the cradle and the 
work spindie through a segment and Separate 
trains of gearing, each of which includes change 
gears. The use of the cam obviates the need for 
a reversing mechanism and simplifies the Whole 
structure of the machine. Moreover, by Suitably 
shaping the cam track, variation in the rate of 
roll can be attained. Through use of different 
ratio of roll change gears for different jobs, this 
variation in rate of roll can be suitably applied 
in the cutting of different gears. Through use 
of a cam having a track formed to produce Suit 
able variation in the rate of roll, also, uniforn. 
widths of generating cuts all along the length 
of a tooth surface of a longitudinally curved 
tooth bevel or hypoid gear can be Secured where 
desired. 
In a spiral bevel or hypoid gear generating 

machine constructed according to the present in 
vention, the tool spindle is journaled in a carrier 
Which is adjustable in a SWivel head through an 
angle of 360° about an axis inclined to the axis 
of the tool spindle. This swivel head in turn is 
mounted eccentrically in an eccentric drum for 
adjustment through an angle of 360 about an 
axis parallel to but offset from the axis of the 
drum. The drum is in turn mounted eccentrically 
in the cradle and is adjustable therein through an 
angle of 360° about an axis parallel to but offset 
from the axis of the cradle. The cradle is not 
only oscillatable in the base of the machine but is 
mounted therein to be adjustable through an 
angie of 360. Angular adjustment of the drum 
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4. 
in the cradle varies the radial position of the tool 
from the axis of the cradle and adjustment of 
the Cradle on the base of the machine enables 
the position of the tool to be varied about the 
axis of the cradle. Thus, the tool may be posi 
tioned to cut gears of any desired spiral angle. 
The angular adjustments of the Swive head and 
Carrier enable a tool to be positioined to repre 
Sent any tapered gear or basic gear during gen 
eration of the Work and permit use of a cutter 
to cut geais of different pressure angles. The 
Whole Structure is very compact and rigid. 
In the dra WingS: 
Fig. 1 is a side elevation of a machine built 

according to one embodiment of this invention, 
the cover plate at one side of the machine being 
removed better to show certain operating parts; 

Fig. 2 is a plan view of the machine with parts 
broken away; 

Fig. 3 is a vertical Sectional view through the 
machine looking at the face of the cutter carry 
ing cradle; 

Fig. 4 is a fragmentary longitudinal sectional 
View through the cutter carrying cradle, showing 
the cutter mounting and cutter drive; 

Fig. 5 is a Side elevational view of one of the 
bracketS on the cradie housing, Showing parts of 
the generating and feed mechanisms, parts being 
broken away; 

Fig. 6 is a rear view of the same bracket, 
parts being broken away; 

Fig. 7 is a view icoking at the front of these 
bracketS, Showing details of the drives to the 
control can and to the indexing mechanism of 
the nachine; 

iiig. 8 is a similar view, but with parts of the 
drive to the index Enechanisin renoved in order 
to ShoW nore clearly details of the index mecha 
nism itself; 

Fig. 9 is a diametrical Sectional view through 
the drive member of the modified Geneva, type 
index mechanisin of the machine; 

Fig. 10 is a view showing the trip caim and trip 
lever of the indexiing mechanisin; 

FigS. and 12 are ViewS at right angies to one 
another showing in detail the trip and lock-up 
levers of the index mechanism; 

Fig. 13 is a horizontal Sectional view taken 
on the line 3-3 of Fig. 8; 

Fig. 14 is a fragmentary sectional view showing 
details of the drive to the cradle; 

Fig. 15 is a fragmentary sectional view, showing 
details of the feed mechanism of the machine; 

Fig. 16 is a Sectional View showing details of 
the mechanism for moving the Work between 
loading and operative positions, this view being 
taken at right angles to the view of Fig. 15; 

Fig. 17 is a transverse vertical Sectional view 
through the work head of the machine; 

Fig. 18 is a longitudinal vertical sectional view 
through the Work head, but on a somewhat 
Smaller Scale than Fig. 16; 

Fig. 19 is a drive diagram of the machine as 
built according to One embodiment of the inven 
tion; 

Fig. 20 is a fragmentary drive diagram of a 
modified form of machine; 

Figs. 21 and 22 are diagrammatic views show 
ing different positions to which the cutter may 
be adjusted by the adjustments of the present 
machine; 

Fig. 23 is a diagrammatic view showing how, 
When the cutter is adjusted into one position, it 
may represent a nominal crown gear, that is, a 
generating gear having a face angle of 90°; 
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Fig. 24 is a diagrammatic view showing how 
in another position the cutter may represent a 
tooth of a generating gear whose pitch, cone angle 
is considerably less than 90; 

Fig. 25 is a diagrammatic view taken at right 
angles to the views of sigs, 23 and 24, showing 
one position of the cutter when the gear, which it. 
represerts, has teeth of positive spiral angle; 

Fig. 26 is a diagranitiatic view showing how a 
cutter with a given blade pressure angle may be 
adjusted in tie inachine of the present invention 
to have differeni, effective cutting pressure angles; 

Fig. 2 is a diagrariatic view shoing the po 
Sitions of a cutter and pinion blank at the begin 
ning and end of the roll in generating a spiral 
bevel or hypoid pinion; 

Figs, 23 and 29 are a section taken lengthwise 
of the tooth Space of a longitudinally curved tooth 
gear or pinion and a fragmentary perspective 
view of this tooth space, respectively, further ill 
lustrating Why corresponding parts of the tooth 
profile are not cut sinutaneously along the Whole 
length of a tooth Space; 

Fig. 3i) is a fragmentary view of a spiral bevel 
pinion. Such as might be generated on conven 
tional inachines, showing the nature of the cuts 
taken along this height of the tooth profile from 
one end of the tooth to the other; and 

3ig, 31 is a corresponding view showing how 
these profile cuts may be equi-spaced by use of 
the inachine of the present invention. 

Referring now to the drawings by nunerals of 
reference, 33 denotes the base of the machine. 
?ecured to the base at One end thereof is the 
trade housing 3 (Sig. 3). Mounted on the base 
at the otheir end thereof for angular adjustment 
thereCin is sub-base 32 (Fig. 2). Journaled in 
tha housing 3 on anti-friction bearings 33 and 
34 is a cradle 35, shown fragmentarily only in 
Fig. 4. 
Mounted in the cradle on plain bearings is and 

A2 for rotatable adjustinent therein through an 
angle of 360° about an axis eccentric to the axis 
of the cradle is a dirum A. Journaled in the drum 
On plain bearings 45 and g for rotatable adjust 
nient therein through an angle of 360 about an 
axis eccentric to the axis of the drum is a swivel 
head A5. Journaled in the SWivel head 45 on 
plain bearings 5 and 2 for rotatable adjustment 
therein about an axis angularly inclined to the 
axis of the SWive head is a carrier . Journaled 
in the cairier on anti-friction bearings 56 and 
57 is the cutter spindle 55. 
The face mill cutter C, which is adapted to be 

used on the machine, nay be secured to the cutter 
Spindle 55 in any suitable manner as by means 
of a central bolt 8 which threads into the spin- ; 
dile 55. The cutter shown is of the type dis 
closed in U. S. Patent No. 2,586,428, granted Feb 
ruary 19, 1952, and has a truling disc 62 (Fig. 4.) 

0. 

20 

30 

50 

55 

60 
secured to its rear face as by means of screws S3 . 
(Fig. 3). its cutting blades are denoted at 54. 
The cutter spindle 55 is rotated continuously 

during operation of the machine, being driven 
fron a notor (FigS. 6 and 19) which is mount 
ed at a suitable point in the cradle housing 3f. 
The arrnature shaft of this notor is connected to 
a shaft, which is journaled in the cradle hous 
ing S and which carries a bevel pinion 2 that 
meshes with and drives a bevel gear 3. This 
gear is nounted on a shaft 8 to which is secured 
a spur gear 5. This shaft is also journaled in 
the cradle housing 3A. 
The Spur gear 5 meshes with and drives a 

Spur gear which is secured to a shaft. There 

65 

75 

6 
is a spur pinion 78 secured to this shaft, which 
meshes with and drives a spur gear 9. The gear 
9 is Secured to a shaft 88 to which is secured a 

Spur gear 8. Shafts and 3 are journaled in 
Cradle housing 3. The gear 8 meshes with and 
drives a spur gear 82 (Figs. 19 and 4) which is . 
keyed or otherwise. Secured to a shaft 3:... that is 
journaled on anti-friction bearings 33 and 86 in 
a sleeve 82. This sleeve is journaied in a bracket 
88 that is secured by screws 89 to the cradle 35. 
It is Secured by Screws 9 to a bearing Si that is 
joirnaled in cradle housing 35. 
The shaft 34 is co-axial with the cradle 35. 

Keyed to the shaft &4 at its inner end is a spur 
pinion. 95 which 18shes with and drives a spur 
gear 95. This gear is integra. With a shaft, 9T 
that is journaled on anti-friction bearings 98 and 
99 in a bracket, & which is secured by screws 

to the cradle. 
The shaft 9 is counted coaxial with the drum 
. It has a spur pinion 35 Eeyed to its inner 

end which Yeshes with a spur gear E6 which 
is keyed to the outer end of a shaft, i. This 
shaft is journaled on anti-friction bearings is 
and 5 in Swive head 5. Integral with this 
shaft at its inner end is an angular bevel gear 

. This gear meshes with an angular bevel gear 
if 5 which is keyed to a sleeve 6 that is jour 
nailed on anti-frietion bearings and 8 on a 
Stud 2. 
This stud is heid against axial movement rela 

tive to SWivel head S3. By a nut 2 which threads 
onto the stud. Integral with the sleeve 6 is a 
Spur gear 25. This resines with a spur gear 26 
that is integral with a shaft, 27 which is jour 
nailed on anti-friction bearings 23 and 23 in a 
sleeve 36. The sleeve 33 is secured in any suit 
able nannel to the carrier 53. 
There is a bevel gear 35 keyed to the inner 

end of Shaft 27. This meshes with a bevel gear 
36 which is keyed to a shaft, 3. This shaft is 

journaled On anti-friction bearings 38 and 39 
in the carrier 5 with its axis at right angles to 
the axis of the cutter spindle 55. Integral with 
this shaft f37 at its inner end is a bevel pinion 
4. Which meshes with and drives a bevel gear 
A&f that is Secured by screws 52 to the cutter 
Spindle 55 to be coaxial with the cutter spindle. 
The Stud 20 is coaxial with the carrier 59 and 

the axis of the carrier is inclined to and intersects 
both the axis of Swivel head 35 and the axis of 
cutter Spindle 55. When supporting ring 56 is 
adjusted angularly, then, the axis of cutter 
Spindle 55 SWings about stud 28 and traces a 
conical Surface about the axis of this stud. In 
this adjustment gear 26 rolls on gear 23 and the 
axis of the cutter Spindle rolls about the apex of 
this conical surface. 
The cradle 35 is adapted to be SWing first in 

One direction and then in the other. The cutter 
may cut during Swing of the cradle in one direc 
tion only or during Swing of the cradle in opposite 
directions, according to any of the well known 
generating methods. ... :- ; : 
The Swinging movement of the cradle is effected 

by operation of a barrel cam 58 (Figs. 5, 6, and 
19). This cam has a plurality of tracks 5, 52, 
and 53. It is keyed to a shaft 55 that is jour 
naled on anti-friction bearings 5G and 5 in 
a bracket 58 that is secured in any suitable 
manner to the cradle housing 32. The tracks 5, 
and 52 control the movement of the work to and 
from Operative engagement with the tool as will 
be described later. The track 53 controls the 
operation of the cradle. 
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A tapered cam roller 60 engages in this track 
f53. It is mounted by means of anti-friction 
bearings f6 on a stud 62 which is secured by 
Screws 63 to a rocker arm 65. The rocker arm 
is journaled at its lower end by means of anti 
friction bearings 66 on a stud 67 which is se 
cured by screws 68 to the bracket 58. The stud 
projects through an arcuate slot 69 in cam hous 
ing 64 So that roler 60 may engage in can 
track 53. The Slot f69 is concentric With pivot 
pin 67. 
There is a spur gear Segment O Secured b 

screws if to the outer end of rocker arm f 65. 
This spur gear Segment meshes With a Spur gear 
f5 which is Secured to a shaft 6 that is jour 
naled in bracket f S8. The pinion 75 meshes with 
a Spur gear 78 that is Secured to a shaft 9. 
There is a second spur gear 80 secured to this 
shaft. This gear may be meshed with a Spur gear 
8 that is Secured to a shaft 82, or it may be 
meshed with a Spur gear 83 that is Secured to 
shaft f84. This shaft has a Second spur gear 85 
secured to it which meshes with a spur gear 86 
that is secured to shaft 82. Shaft 82 is jour 
naled on anti-friction bearingS 8 and 89 (Fig. 
14) in bracket 58 and has a hypoid pinion 88 
integral. With it at its inner end. This hypoid 
pinion meshes with a hypoid gear 90 which is 
secured by bolts 9 (Fig. 4) to the cradle 35 and 
which is coaxial with cradle 35. 
The Segmental gear 70 (Fig. 6) is held against 

an arcuate guide surface T2 (Fig. 5) by a gib fl3 
which is secured to cam housing 64 by screws f4, 
so as to prevent chatter of the rocker arm 65 in 
its movement. Guide surface 72 is curved about 
the axis of stud 67. 
The calm 50 makes one revolution per tooth of 

the Work as will be described hereinafter more 
particularly, and the cam track 53 will operate 
through the gearing described, therefore, to Swing 
the cradle forward and back once per tooth of 
the work. Whether the cradle SWings upward 
and then downward in a throat-cutting cycle, or, 
vice-versa, downward and then upward is deter 
mined by whether shaft f82 is driven through 
gears 80 and 8 or through gears 80, 83, 85, 
and 86. When shaft f82 is to be driven through 
gears 80 and 8, change gear 83 may be re 
moved from the machine, and when shaft 82 is 
to be driven in the opposite direction, change gear 
8 may be removed. 
Shaft 82 may be rotated manually to adjust 

cradle 35 angularly about its axis. Drum 40 may 
be adjusted angularly on its axis by rotation of 
a stub shaft 92 (Fig. 3) which is journaled in the 
cradle 35 and which carries a spur pinion (not 
shown) that meshes With a spur gear f 93 (Fig. 4) 
Which is secured to drum 40. Swivel head 45 is 
adjusted angularly in drum 40 by rotation of stub 
shaft 94 (Fig. 3) which carries a Spur pinion 
(not shown) that meshes With a spur gear 99 
(Fig. 4) that is secured by screws 202 to swivel 
head 5. Carrier 50 may be adjusted angularly 
in SWivel head 45 by rotation of stub shaft 207 
(Figs. 3 and 4) which carries a Spur pinion 298 
that meshes with a spur gear 209 which is Secured 
to carrier 59. 
A ring or gib 27, that is secured by screws 2f 8 

to cradle housing 3, Serves to hold the Cradle 
against forward movement axially in the Cradle 
housing. This gib is graduated as shown in Fig. 3 
to read against a vernier 27 to permit of the 
angular adjustment of the Cradle being made 
accurately. The vernier is fastened to the cradle. 
A graduated ring 29, that is secured to cradle 35 
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and that reads against a vernier 29' which is 
fastened to drum 40, serves for accurate adjust 
ment of drum 40 in the cradle. A ring or gib 22 
(Figs. 3 and 4), that is secured by screws 227 to 
drum 49, serves to hold swivel head 45 against 
movement in One direction axially in the drum. 
This gib is graduated to read against a vernier 
22, which is secured to the swivel head, to permit 
accurate adjustment of the SWivel head in the 
drum. A ring or gib 229, that is secured to Swivel 
head 45, serves to prevent axial movement of 
carrier 50 in Swivelhead 45. This gib is graduated 
to read against a vernier 229, Which is Secured 
to carrier 50, to permit accurate adjustment of 
the Supporting ring in the SWivel head. A gib. 236, 
which is secured by Screws 23 (Fig. 4) to carrier 
50, Serves to Secure cutter spindle 55 in place. 
With the shaft 84 mounted coaxial with the 

cradle, the shaft 9 mounted coaxial with the 
drum 40, the shaft () mounted coaxial with the 
Swivel head 45, and the shaft 20 mounted co 
axial with the carrier 5, the drive can be trans 
mitted to the cutter in any position of its ad 
justment without use of telescoping shafts. Thus 
the greatest accuracy With freedom from exces 
Sive backlash in the drive train is achieved. The 
front face of the cradle, and the front face of 
drum 60 are parallel and perpendicular to the 
axes of these two parts. The front face of swivel 
head 45 is approximately helical So as to accom 
modate the carrier 59 whose axis is inclined to 
the axis of the Swivel head. The front face of 
the Supporting ring is perpendicular to the axis 
of the cutter Spindle 55 as shown in Fig. 4. 
The barrel can 5) is adapted to be driven 

from shaft 4 (Fig. 19). There is a spur gear 95 
Secured to this shaft which meshes with a spur 
gear 96. Gear 96 is secured to a shaft 9i 
which carries a spur gear 98 that meshes with 
a Spur gear 23. Gear 200 is secured to a shaft 
20. A spur gear 203, which is secured to this 
shaft, meshes with a Spur gear 205 that is keyed 
to a Shaft 266. There is a bevel miter gear 20 
(FigS. 7, 8 and 19) fastened to shaft 208 which 
meshes with a bevel miter gear 2 i?. The latter 
miter gear is Secured to a shaft 22 which is 
journaled on anti-friction bearings 209 and 2 is 
in a bracket 389 which is secured to cradle hous 
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ing 3:. A hypoid pinion 23 is integral with shaft 
22 at its lower end. This pinion meshes with a 
hypoid gear 25 that is secured to one end of the 
barrel cam by Screws 2d6 (Fig. 5). The gearing 
is so selected that the cam 59 makes one revo 
lution per cycle of the machine, that is, one rev 
olution per tooth side or sides. 
During generation of the tooth side or tooth 

sides, the work is driven in time with the cradle. 
The generating dirive to the work is derived from 
Shaft 82 (Figs. 14 and 19). This shaft has a 
bevel gear 22 keyed to it which meshes with 
and drives a bevel pinion 22 . This bevel pin 
ion is keyed to a shaft 222 which is journaled 
On anti-friction bearings 223 and 224 in the 
bracket 58. There is a spur gear 225 keyed to 
the shaft 222 at its outer end. This gear meshes 
With a Spur gear 226. This gear is secured to 
a stud shaft 227 which is journaled in a quad 
rant 228 (Fig. 5). The quadrant may be of con 
ventional construction and is adapted to swing 
about Stud 229 and to be secured in any adjusted 
position by bolt 236. Stub shaft 22 carries at 
its outer end a Spur gear 230. Gear 23) meshes 
With a Spur gear 23 which is secured to a shaft 
232 (Figs, 13 and 19). This shaft is journaled 
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directly on balls 233 in a sleeve 234 that is se 
cured by screws 235 to the bracket 58. 

the shaft, 232 has a bevel gear 246 at its inner 
end which forts oine of the side gears of a dif 
ferential that is designated as a whole at 26. 
The othese side gear of this differential is de 
noted at 23. 252 designates the planetary pin 
ion of the differential. This meshes with the two 
side gears 233 and 2: . This pinion is journaled 
directly through balis 233 on a spider member 
245 that is secured by a key and by a set-Screw 
246 to a shaft 238. This shaft is journaled on 
balls 239 in shaft 232 and on balls 256 in side 
gear 2 is and on balls 35: in the bracket 58. 

integral With the side gear 2A is a bevel gear 
255. This gear meshes with a bevel gear 256 
(Figs. 5 and 19) that is integral With a shaft 
257. This shaft is journaled on anti-friction 
bearings 258 and 259 in a swivel member 28 
that is rotatably adjustable in the top of the 
cradle housing 3. Secured to the upper end of 
this shaft 257 is a bevel gear 262. This bevel 
gear meshes with a bevel gear 264 which is keyed 
to a sleeve 26S which in turn is keyed to One 
end of a telescoping shaft 265. The sleeve 256 
is journales on anti-firiction bearings 26 and 
263 in the SWivel member 26. 
The opposite end 235' (Figs. 17, 18 and 19) of 

the telescoping shaft is keyed to a sleeve 2) 
which is journaled on anti-friction bearings 2. 
and 2:2 in a swive1 member 23. This swivel 
aerber is ser; rar hy, a gib 25 at arre's 25 
to a ring 277, which, in turn, is secured by Screws 
278 to the top of the work head couran 25 
of the machine. Fastened to the sleeve 2 is 
a bevel gear 28 which meshes with a bevel gear 
282 that is secured to a vertical shaft 284. This 
shaft, is journale? at its upper end on anti-fric 
tion bearings 235 in swivel member 2's. At its 
lower end it has telescoping keyed engagement 
with a sleeye 38 that is journaled on anti-fric 
tion bearings 233 and 289 in the work head 35 
of the machine. 

Integral with the sleeve 23" is a bevel gear 
29. This bevel gear rineshes with a bevel gear 
29t that is keyed to a horizontal shaft 29. This 
shaft, is journaled in a sleeve 233 which is Se 
cured by screws 333 to work head 3 5. There 
is a spur gear 233 ixeyed to the outer end of the 
shaft 292. This spur gear meshes with a spur 
gear 294 that is secured to a stub-shaft 295 which 
is mented in a guadrant, 29 S. There is another 
spur gear 29 Secured to this stub-shaft which 
neeshes with a snur gear 293 that has sirlined con 
nection with a st 23. The shaft 328 is jour 
naked on anti-friction bearings 33 and 32 in 
a sleeve 3 A that is secured by Screws 35 to the 
work head 33. There is a hypoid pinion 30 
integral with the shaft, 323 at its inner end. 
This ineshes With a hypoid gear 388 which is 
secured by screws 323 (Fig. 18) to the work spin 
de 3 3 of the Inachine. 
The work Spindle is journaled on anti-friction 

hearings 3 g and 3:2 in the Work head St 5. 
The Work head 33 is incunted in the column 

23 for vertical sliding ino veinent on plane Sur 
faced Ways 3:6 a(nd 3. Wertical adjustinent of 
the work i.ead inay je effected by rotation of 
the knurled kingh 333 which has a graduated dial 
32 secuted to it. 
integral With a screw 322 that threads into a nut 
{1}gi, shav$75) which is secred to the work head 
35 the 3i:tinent, Gif the work head in the 
column 283 perinits of positioning the Work axis 

This knob is secured to or 
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cutting spiral bevel gears, or of positioning the 
work axis above or below the cradle axis for 
cutting hypoid pinions. 
Through the gearing described the work is 

driven in time with the cradle to effect the gen 
erating operation. The gears 223, 226, 230 and 
23 are change gears and govern the ratio of 
the generating roll. The gears 293, 29á, 297, and 
298 are change gears and govern the aumber of 
teeth to be cut in the work. The use of hypoid 
gears 83 and 99 and 307 and 308 for driving 
cradle and work spindle permits of fast Speed 
operation of both the cradle and Work gear trains, 
nighinizing the effect of any possible errors in 

the gears of either of these trains on the work 
produced, a yeary important item in these days 
When gears rust be cut to accuracies measured 
in thousandths of an inch. 
The gear G (Fig. 1), which is to be cut, may 

be secured to the Work Spindle 3 f by any Suitable 
chueking mechanism. This chucking mecha 
nism may be actuated by a draw bar 325 which is 
secured by nuts 326 to a sleeve 32 that is 
threaded into a piston 323. The piston is adapted 
to reciprocate in a cylinder which is designated 
as a whole at 339. The draw bar 35 inay be 
inoved rearwardly to chucking position and for 
wardly to dechucking position by fluid-preSSure 
or it may be moved rearwardly to chucking posi 
tion by coil Springs such as denoted at 338 and 
forwardly to released position by fluid-pies.Sure. 
This type of chucking mechanism is well known 
in the art and need not further be described. 

during Operation of the machine, the work is 
fed into operative relation with the cutter and 
thea cutter and work are rolled together to gen 
erate a tooth Surface or a pair of tooth Surfaces 
of the work, and then the cutter is withdrawn 
from engagement with the work and the work is 
indexed. The mechanism for moving the Work 
to Ward and from operative position is actuated 
by rotation of barrel cam 50. The can is pro 
vided with two feed track-ways 5 and 52 (Fig. 
5), already mentioned. One of these track-ways 
controls the feed and Withdrawal notions during 
a rough-cutting operation and the other track 
Way controls the feed and withdrawal motions 
during a finish-cutting operation. The two cam 
rollers 34 and 342 are adapted to be engaged 
Selectively with the can tracks 5 and f 52 de 
panding upon Whether a rough-cutting or a fin 
ish-cutting operation is to be performed. The 
two rolliers 34 and 342 are journaled on posts 
353 and 34, respectively, which are mounted for 
axial reciprocation in a can lever 345 (Figs. 5 
and 5). Racks 346 and 34 are cut, into op 
posed faces of the posts 344 and 383, respectively. 
A Spur pinion 348 is interposed between and 

This spur pinion is 
integral with a shaft 349 which is journaled in 
the cam lever 345 and is manually rotatable to 
nove. One or the other roller 34 or 342 selec 
tively into engagement with the tracks 5 and 
A52 of the cain. When one roller is in operative 
position, the other is retracted therefrom. 
The lever 345 is pivotally mounted by means 

of a stud or pin 350, which is integral With it, 
in the can housing 63. A gib 352, which is 
Secured by Screws 353 to the bracket, serves to 
hold and guide the lever in its pivotal move 
aert. 
Slidably mounted in an elongated slot 355 in 

the lever is a block 356. This block is adjusted 
by means of a screw shaft 35 which is journaled 

in the same plane as the axis of the cradle for 5 in the lever and which threads into a nut 358 that 
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is secured in the block 356. There is a pivot pin 
359 integral with block 356 and on this pin there 
is pivotally mounted another block 360 which 
engages in an elongated slot 36 formed in an 
extension 362 of a cylinder 363. The cylinder is 
slidably mounted in aligned bearings or guides 
364 and 365 (Fig. 16) of bracket 58. A piston 
36 is mounted to reciprocate in the cylinder 
363. Integral with this piston is a piston rod 
368. This piston rod is connected by a coupling 
pin 359 with a bar 370. The coupling pin 369 
carries rollers 366 that engage in a recess 37 in 
bar 30. Bar 370 is connected to a sliding base 
425 (Fig. 2) which slides on ways 43 and 432 
of sub-base 32 of the machine, as will be de 
scribed more particularly hereinafter. 

Fluid under pressure may be admitted to oppo 
site sides of the piston. 367 to move the sliding 
base away from the cutter Sufficiently to permit 
removal of a Completed gear and positioning of 
a new Work piece, but during cutting of a gear 
the piston 367 is held in the position shown in 
Fig. 16 under fiuid pressure and alternate feed 
and withdrawal of the work are controlled by 
cam 5 through whichever of its feed tracks 5 
or 52 is in operation. Movement of the sliding 
base to loading position and its return to oper 
ative position are controlled by a valve (not 
shown) which may be operated by a lever 32 
(Fig. 3). 
The feed and withdrawal mechanism of the 

machine is similar in many respects to the mech 
anism disclosed in Carlsen Patent No. 2,302,004, 
granted November 17, 1942. 
AS previously stated, the work is indexed peri 

Odically. The indexing mechanism may be of any 
Suitable character. That shown is of the type 
disclosed in the pending application of Ernest 
Wildhaber, Serial No. 792,570, filed December 18, 
1947, now U. S. Patent No. 2,477,105, granted 
July 26, 1949, and reference may be had to 
that application for a more complete description 
thereof. The indexing mechanism is actuated 
from the bevel gear 20 (Figs. 7, 8, and 19). This 
gear meshes with and drives not only bevel gear 
2f but also a bevel gear 375. This is indicated 
diagrammatically in Fig. 19, the gear 20 being 
shown in full lines in engagement with gear 2 
and in dotted lines in engagement with gear 375. 
The gear 375 is keyed at one end of a shaft 376. 
This shaft is suitably journaled in a bracket 37. 
Integral With this shaft is a cylindrical pinion 
386 which meshes with a hypoid face gear 38. 
This gear is secured by screws 382 (Fig. 13) to 
a sleeve 384. The sleeve 384 has face clutch teeth : 
formed on its outer end that are adapted to 
be engaged by face clutch teeth formed on the 
Opposed face of a ring 383. The clutch is adapted 
to be held in engaged position by a nut 388 that 
threads onto a sleeve 389. The ring 383 is keyed 
to this sleeve 389. A coil spring 394, which sur 
rounds sleeve 389 and seats against ring 383, 
tends to release the clutch. Sleeve 389 is keyed 
to a shaft 385. This shaft is journaled on anti 
friction bearings 386 and 387 in the bracket 58. 
Keyed to the shaft 385 are a cam member 390 

and an actuating plate 39. Secured to the ac 
tuating plate 394 by screws 392 (Fig. 8) and the 
dowel pin 393 (Fig. 9) is a spur gear segment 395 
and journaled on this segment is a roller 396. 
The roiler is held on the segment by a plate 397 
and Screw 398. The roller is adapted to engage 
Successively in can slots 400 and 40 formed in 
a Geneva plate 462. This Geneva plate is keyed 
to Shaft 248 (Figs. 8, 13 and 19), Keyed to this 
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shaft, also, and positioned within a recess formed 
in One face of the Geneva plate is a segmental 
spur gear 488 which has teeth 435 at diametrical 
ly opposite sides of its axis registering with the 
slots and 4, respectively, 
The Geneva, plate 462 is held against rotation 

during cutting by a lock dog 43 (Figs. 7, 8 and 
12) which engages in a notch in the plate and 
which is Secured to a lever 69 that is keyed to 
a shaft 40. This shaft is journaled in the 
bracket 58. 
The can 39 has two trackways 423 and 42 

(Fig. 10). The lever 439 is held in locking posi 
tion by action of a double-armed lever 47 which 
is also keyed to shaft 3. One arm of this lever 
carries a roller AS that rides on one trackway 
423 of the cam. The other arm of this lever has 
a Spring 5 housed in it which Seats against an 
arm 48. The arm 48 is mounted rotatably on 
the hub of lever . It carries a roller SS that 
rides on the trackway 825 of cam 39. This 
roller is Secured to aim $8 by a bolt & 2 and 
nut 43. A pin 486, which threads into arm 
4 F8 (Fig. 12), and a nut 468, which threads onto 
the pin, Serve to limit relative movement of arm 
Á8 and lever 49. 
Each of the can tracks 823 and 424 has a dwell 

portion of large radius and a dwell portion of 
Small radius, Connected by rises, but the major 
and minor diametral portions of the two cans 
are Slightly Spaced angularly relative to one an 
other in accordance with the angular spacing of 
rollers A 6 and 43 so that the portion of one 
trackWay which is of major radius is in align 
ment with the portion of the other trackway 
Which is of minor radiuS and Vice Versa. When 
the locking dog 399 is in engaging position roller 
4 A9 is on the high part of cam surface 423 and 
roller AS is on the low part of can surface 423. 
The Shaft 385 rotates continuously and makes 
One revolution per cycle of the machine and the 
cam 39 and actuating plate 39 revolve With it. 
When the roller 429 rides down off the high part 
Of the can Surface 424 and the roller is rides 
up on the high part of can surface 323, the lever 
463 is SWung OutWardly to disengage dog ACT 
from Geneva plate 482. When this occurs, the 
actuating plate 39 is free to rotate under actu 
ation of the gearing 23-25. The result is that 
the roller 396 engages in one of the Siots iO or 
40, which is then in registry with the roller and 
the actuating plate 39E drives the Geneva, plate 
42. The first part of the motion is under con 
trol of the roller 396. Thus, it starts slowly and 
accelerates gradually. When the two plates 39 
and 492 have rotated far enough to bring seg 
mental gear 395 into engagement with teeth of 
segmental gear 44, the motion is continued but 
at a uniform rate Linder Control of Said gearing. 
When the gears 395 and 4 rotate out of engage 
ment, then the roller 33 again takes control to 
complete the motion and bring the Geneva, plate 
to a Slow stop. AS the Geneva plate 492 rotates, 
an increment of motion is imparted to the shaft 
248 which operates through the differential 244 
to add or Subtract notion from the shaft 232 
which drives the work spindle. Thus, indexing 
of the work spindle is effected. The Geneva plate 
makes half a revolution during indexing and 
then is locked up again. 
The column 28 (Figs. 1, 2 and 17), which car 

ries work head 35, is mounted upon a swinging 
base 420 for rectilinear adjustment thereon in 
the direction of the axis of the work spindle 
along ways 42? and 422 (Fig.2). It is adapted to 
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be held in any adjusted position by T-boits 23 
and $24' (Fig. 17) which engage in "-slots 2 
formed in said ways. Adjustinent of the collinn 
on the swinging base may be effected in known 
fashion by statio; cf a shaft (not shown) which 
is journalisi in Swinging base 42i and which car 
ries a Sur ion that neshes with a rack 29 
Which is sectified to the underside of the couin 
by Scresis E23. Each "-bolt .26 aay be tight 
ened or releasei by thanual rotation of a shaft 
23. his shaft carries a bevel gear 38 Which 
leshes with a beve gear 39 that is threated oi 

bolt; 33. 
The Swinging base 2 is pivotally nounted for 

angular adjustinent, about an axis ac (Fig. 2) on 
sliding base 2. A guide Way 428 is profided 
on the siding base for this purpose. The Swing 
ing base is secured in any adjusted position by 
-bots which eigage in the arcuate -slot 23 

formed in this guide-way. The sliding base 425 
is nounted for rectilinea, adjustinent, and Slid 
ing movetaeni, upon Sib-base 32 being guided by 
Ways 3 and 432 fore on the Sub-base and 
sliding on the rollers (333 and 834 (Fig. 3) that 
are inoanted in the top and sides of these Ways. 
ihe Sub-base is adjustaale angularly on the base 
35 of the machine. For this purpose it has a 
tirinnion 3 Secured to it which is journaled in 
a plate $33 which is secured by Screws 437 to 
base 3i. She sub-base is graduated at its pe 
riphery, as sihown in Fig. 2 cgceltii with the 
axis of Elainion 35 to pe'ai, affairaie agist 
inent of the sub-base. The graduations read 
agai.S. 2, 2eiro Inark Qin a lug i38 which is in 
tegral with base 3. 

he rectilizear adjustinent of coli in 28 per 
gaits of positioning the work in accordance with 
the cone distance of the gear G to be cit. ine 
aingular adjustinent of the Swinging base 42 per 
its of adjusting the Work in accordance with 

the coine age of the gear to be cut. 
Machines ray e built, accordig to the pres 

ent invention either for cutting longitudinally 
curved tooth tapered gears or for giinding such 
gears. Ira a grinding nachirae, anglar adjust 
ret Of SUB-base 32 perits of positioning the 
ways 43 and 332, when the grinding wheel is 
positiciad to iepresent a tailered gear other than 
a crown gear, so that the sliding base 25 will 
travel in a directici to bisect the angle batween 
Ocosite sides of the giinding Wheel. This in 
sures egua wear on opposite sides of the wheel 
as the work is fed step-by-step into the wheel 
as described in detail in peding application of 
William C. Critischley and Hermara A. Maie, Serial 
No. 56,344, fied October 23, 1948, Patent No. 
2,565,402, granted September 4, 1951. 

:), a gear cutting is ise there is no particu 
lar agiyatage to ingWing the sliding base in an 
incinad direction. Senge in a gear cutting ma 
chine, Sui-bass 2 is Set, at its Zero adjustinent 
So that ways 33 and 32 extend in the direction 
of the axis of tie cradle and the sliding base. 25 
noves in that direction toward or fron operative 
position, 
One of the principal features of the present in 

Wertion, as already stated, is the use of a cam 
for a ?tillating the gaar traias that drive the cradle 
and the Work and effect the generating rol. The 
ea in eliminates the reversing aeshanism and it 
e;inis Gf obtaiaig any desired Waitiation itate 

of iro during geetation, Ce Way Which this 
agility to Ghiain variation in rate of roll ray be 
taken alivantage of is illustrated in Figs. 30 and 
3i. 
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first, however, We shall refer to the charace is 

SpaceS taper in depth 

4. 
ter of the cut obtained on a spiral bevel or hypoid 
gear With a face-nill cutter. 

In a spiral bevel or a hypoid gear each tooth 
ald tooth Space curves arolind the cone of the 
gear So that the cutter begins to cut in the gen 
erating roll at one end of a tooth space and the 
'cuts extend diagonally across the side of the 
tooth gradually enveloping the tooth surface 
until the other end of the tooth surface has been 
generated at the end of the roll, 

FigS. 28 and 29 illustrate the character and 
reason for this kind of cutting action. 44 de 
notes the gear or pinion which is to be cut; 44 
is its apex and A42 its axis. The teeth and tooth 

On end to end. 4 is 
the root circle of the work at the Smail end of a 
tooth space 444, and 447 is the root circle of the 
Work at the large end of the tooth space. 443 
denotes a side-cutting edge of a blade of the faee 
mill Cutter used in cutting the Work. 449 is the 
extreme point in this cutting edge. As the cut 
ter revolves in engagement with the work at any 
One position of the rol, this point travels in a 
plane perpendicular to the cutter axis. When 
this point is cutting in the root surface of the 
work at the small end of the tooth space, 434 is 
the path of this point as it moves across the face 
of the Work. This is a curved line lying in plane 
A50 tangent to root circle 447. This line ap 
pears as a straight line, however, in Fig. 28, which 
is a Section looking at one side of the tooth space. 
The point 452 is the point at the large end of 
tooth Space 444 which lies in plane 459, A53 is: 
the bottom of the tooth space, This appears 
curved in Fig.28 because it is wrapped around the 
COne of the Work. 
The cut proceeds from the Shall end Gf a 

tooth space to the large end thereof during the 
generating roll, and as cutter and blank rol; it - 
gether, the blades of the cutter take SiegeSiye 
diagonal cuts along the height of the tooth pro 
file from the small to the large end of the tooth, 
enveloping by these cuts the tooth strface to be 
generated. The Smoothness of the tooth Sirfice 
produced will depend on the number of these 
Cuts. Fig. 27 illustrates the generating roll. 
Here 400 and 440' denote, respectively, two po 
Sitions of a pinion blank at the beginning and 
end of the generating roll, respectively. 443’ 
and 443’ denote fragmentarily the corresponding 
positions of the face mill cutter which is 8 . 
ployed. The pinion is inclined to the cutting 
plane of the cutter by its root angle or other 
Suitable angle to obtain the desired taper in 
tooth depth. 
As the work rotates on its axis 442, then, the 

motion of the Cradle Swings the cutter about the 
axis of the gear represented by the cutter. Dur 
ing the time that the work rotates about its axis 
442 through the angle 446 from position 44C', 
Where the cutter is cutting at the Small engi of 
the tooth space to the position 44.'', where the 
Cutter is cutting at the large end of the tooth 
Space, the cutter will have moved through dis 
tance 445 from position 443’ to position 443’’. 
The cuts diagonally across the tooth surface ge)- 
erate and envelope the required tooth shape : 
along the length of the tooth. 

In conventional “geared-roll' type machines, 
the rate of roll is uniform throughout genera 
tion. As a result, the cuts or “generating fats' 
are spaced further apart at the large end of 3, 
tooth than at the Small end thereof, because the 
tooth has a greater height at the large end. 

Fig. 30 illustrates diagrammatically the type of 
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cut achieved with prior types of 'geared roll' 
generating machines. 455 designates a spiral 
bevel pinion; 456 are its teeth; and 457 its axis. 
A58 denotes the Small end of a pinion tooth and 
459 the large end thereof. The cuts taken. On 
the tooth surface in the generating roll are desig 
nated at 46. These cuts or So-called 'generat 
ing flats' have been closer together heretofore, 
as shown, at Small end of the tooth than at the 
large end thereof because the roll is unifori anti 
each part of the tooth height rolls at the Sa;i : 
rate under the rotating cutter. As a result of 
the method of operation of the prior types of 
machines, then, the finish at the large end of a 

large end of the tooth than at the Small eld 
thereof. 
With the machine of the present invention, 

however, the same finish can be attained at the 
large end of the tooth as at the small end. This 
is achieved through provision of a can track. 
53 on the barrel can 50 which will produce a 

variation in the rate of roll such that the cradle 
moves more slowly during generation of the large 
end of the tooth than during generation of the 
Small end of the tooth. The result is illustrated 
in Fig. 31. Here 465 denotes the pinion being 
cut, 466 its teeth, 4S, its axis, 468 the small enri 
of a tooth and 469 the large end thereof, and 4: 
the flats or profile cuts taken on the tooth during 
the generating operation. It will be note? that 
on the pinion 465, the “generating flats' are of 
equal width along the whole length of the tooth. 
A further advantage in structure of the pres 

ent machine is that the same cam 5 be used on 
all jobs within the range of the machine. Suit 
able variation in the rate of roll for each given 
job is obtained simply by selection and use in the 
gear train of proper ratio change gears 225, 226, 
230 and 23 (Fig. 19). 
The advantages of the variation in rate of roll 

are not limited either to a machine in which 
uniform ratio of roll is employed. They cain still 
be achieved even where for any reason it is de 
sired to vary the ratio of roll during generation4; 
as to modify the tooth profile Shape, increase the 
range of usefulness of the machine, etc. 

Modification in ratio of roll can be obtained by 
providing a suitable ratio varying mechanism of 

10 

spiral bevel or hypoid pinion is coarser at the 15 
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the type disclosed, for instance, in Wildhabet:50 
Patent, No. 2,332,232, granted February 22, 1944. 
This mechanism is denoted generally at 475 in 
Fig. 20. It may be driven frona shaft, 82, which 
is split for this purpose, through a bevel gear A8 
which is secured to that shaft and which meshes:55 
with a bevel pinion 47 that, is fastened to a shaft 
478. The latter shaft, carries a spur gear 59 
which meshes with a spur gear 8 gn shaft A8. 
Shaft 8 has a second spur gear 82 secured to 
it which meshes with a spur gear 83 on a shaft: 
A84. This shaft carries the can or eccentric 
rollers which produce the modification in motion. 
The head or block which engages. With the can or 
the rollers and is actuated thereby is secured to a 
Shaft 485. This silaf, may have a 
gear 36 secured to it, which meshes with a niter 
bevel gear 3. The bevel gear 8; is secured to 
a spider 33 which is rotatable on shaft f82. The 
spider carries and rotata by Supports a planetally 
bevel pinion 489. 
side-gears i98 and 83 . 49 is Secured to 
shaft 32 and gear 23 is secured to the axially 
aligned shaft 82. 
The gears 489, 393 and 3 constitute a differ 

Gear 

ential permitting the variation in motion pro 

miter bevel. 
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duced by mechanism 45 to be superimposed on 

ihe differential is here used 
because the cradle is driven by hypoid gearing. 
tS action is like the reciprocal notion in parted 
to the cradle worn in the Wildhaber patent men 
tioned. It Superimposes a varying motion on the 
cradle drive Which modifies the ratio of roll 
of cutter and work during generation. This is 
Separate fron and independent of any variation 
in rate of roll that may be produced by can 53. 
Another outstanding feature of the invention 

is the cutter adjustment. 
Fig. 21 illustrates diagrammatically the Zero 

position of adjustment of the cutter. Here the 
axis t of the cutter Spindle 55 is parallel to the 
axis g of the cradle 35 and coincides with the axis 
2 of the Swive head 45. W. denotes the axis of 
the cutter carrier 50. As already stated this axis 
is inclined to and intersects the axis of the cutter 
spindle. The point of Such intersection is de 
noted at a. It lies in the central plane 5 of 
the machine. 

Fig. 22 illustrates diagrammatically an extreme 
position of adjustment of the cutter. Here the 
cutter carrier 5 has been swung about the axis 
ty of shaft 20 (Fig. 4) through 180°. Axis t of 
the cutter spindle 55 is now inclined to axis a of 
Swivel head 45, and the cutter spindle has been 
SWung So far about cone center a that axis 2U of 
cutter carrier 59 bisects the angle between axes 
2 and t. Plane 5 of the tips of the cutter blades 
is now inclined to central plane 5 of the ma 
chine. 
When the cutter is in the zero position of its 

adjustinent, it may represent, as shown in Fig. 23, 
a, in Ominal crown gear 585, that is, a basic gear 
having a face cone angle of 90° but a pitch angle 
of slightly less than 90. Here the axis t of the 
cutter is parallel to the axis y of the cradle and 
the tip surface 50 of the cutter lies in the face 
plane 56 of the crown gear. When the cutter 
is in this position, tooth surfaces will be generated 
On the gear being cut which are conjugate to the 
nominal crown gear. 
By adjusting swivel head 45 and cutter carrier 

50, the cutter can be positioned to represent a 
form-cut tapered gear and the mate gear can be 
generated conjugate to such a gear, or the cutter 
can be positioned to cut a gear of a different pres 
Sure angle from the pressure angle of the cutter. 

Fig. 24 shows the cutter positioned to repre 
Sent a tooth of a generating gear 58 whose pitch 
angle is considerably less than 90°. Here the 
axis t of the cutter is inclined at an acute angle 
to the axis gy of the cradle, which represents the 
axis of gear 540, and the tip plane 5 of the 
cutter is tangent to the conical face surface 5 
of the generating gear. When cutter and blank 
are rolled together then in the machine, tooth 
Surfaces Will be generated on the blank which 
are conjugate to the tooth surfaces of gear 5 e. 

Fig. 26 shows diagrammatically how through 
angular adjustment of Swivel head 45 and cutter 
carrier 50, a cutter C, which has side-cutting 
edges 55 and 56 of a certain pressure angle, 
may be positioned to represent a tooth of a gen 
erating gear 5, the opposite sides of whose 
teeth are of different pressure angle. Here cut 
ter axis t is tilted with reference to axis y of 
Cradle and of basic gear 5 by the amount re 
quired to produce the necessary pressure angle 
on the work in the generating roll. Through dif 
ferent amounts of tilt, a single cutter can be posi 
tioned to cut gears of different pressure angles. 
The construction of the present machine not 
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only provides rigidity in the cutter mounting but 
simplifies calculation of the cutter settings. 
Heretofore the cutter has been tilted a bott an 
axis intersecting the cutter spindie in a point ap 
proximately midlength of the cutter spindle. 
The effect at the tip of the cutter of any angular 
adjustment about Stich exis has had heiretofore 
to be calcited and railgwyed for. 
Cutter about a point a of intersection of Swivel 
head and cutter axis, the rangle of tilt can be 
computed directly. 
The generating gear represented by this cutter 

may have, of course, teeth of any 'spiral angle. 
Fig. 25 shows the cutter positioreti to represent 
a basic gear 53 whose longitudinally curved 
teeth 52: have a positive spiral angie. The cut. 
ter axis it is offset from the axisy of the crade 
and of the basic gear and is so positioned angu 
larly about the axis gy that the cutter in its rota. 
tion will represent a tooth 52 and Sweep anti 
generate teeth on the work conjugate to this 
basic gear 52. This position of the cutter is 
achieved by adjustment of the eccentric 40 and 
the cradle 35. The adjustment ci? the eccentric 
40 gives the desired radial position of the cutter 
axis With reference to the axis Gf the crade and 
the adjustment of the cradle brings the cutter 
into the-desired angular position about the cradle 
axis. 
The operation of the machine will be under 

stood from the preceding description but maybe 
briefly Summed uphere. Assuming that the cut 
ter has been properly positioned relative to the 
work by adjustment of cradle, eccentric, swivel 
head, and cutter carrier, and that the work has 
been properly positioned by adjustment of sub 
base 32, sliding base 425, swinging base 42, 
column 280 and workhead3f5, and that the gear 
G, which is to be cut, has been chucked, the first 
step is to move the Work from loading position to 
operative position by movement of piston 367 (Fig. 
16). Fhen motor TO (Fig. 9) is started. Cann 
f50 starts to revolve and track 5 or 52 of the 
cam, whichever is operative, depending on 
whether the gear is being roughed or finished, 
Swings ever 345 (Fig. E5) to feed the Work into 
operative relation with the tool. Cam track f3. 
may be shaped to hold cradle and workstationary 
during this feed or feed may be effected during 
the first part of the generating roll. In any event, it 
when the actuating part of track 53 of can 50 
becomes operative, the generating roll begins and 
cradle and Work are rotated On their respective 
axes through the trains of gearing shown in Fig. 
9. The can “50 makes a revolution per "cycle 
and drives these gear trains first in One'direction 
and then "in the other. 

If the work is to be cutsonrollin one direction 
only, cam tracks 5 and 52 are shaped to 
cause withdrawal df the work from thetOO dur 
ing the return roll. Ef the work is to be cut on 
both forward and return'rolls, camtracks f5 and 
S2' are shaped to effect withdrawal near the end 
of the return rol. When the Work has been 
withdrawn "ciear of the tool, then the Geneva 
plate 402 (Fig. 7) is released, so that it may be 
driven by actuating member 39 to superimpose 
through differential 244 (Figs. 13 and 19) an 
algebraic motion on the work to index the work. 
When indexing is completed, the Geneva, plate is 
focked up again, and the “work is fed back into 
operative relation with the cutter to begin a new 
cycle. 
many cycles as there are teeth in the:-gear to be 
cut, the automatic stop 525 (Fig.6) is tripped and 

By tilting 'the 

When the machine has completed as 
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13 
the machine is stopped. The piston 36 (Fig.16) 
is then actuated to move the sliding base 45 to 
loading position, and the cempleted gear is de 
chucked and renoved from the machine, and a 
new bank is Chucked thereon to be icut. 
The autematic stop 525 may be of conventional 

structure. It is secured to can housing 4-64 (Fig. 
6) and is adapted to be actuated by a can-like 
trip member 526 which is secured to the back of 
can 50 and which operates on each revolution of 
cam S0, that is onceper cycle, to swing ever 52 
about its pivot stud 528 and advance the stop 
mechanism-onesstep. Stud 528 threads into hous 
ing F64. 

iAside from the-advantages previously noted, the 
provision of both feed and generating trackways 
in a single can simplifies the construction of 
the machiae and makes for compactness. Rever 
Sal-of-the-generating trainsisteguiet and easy with 
the can trackway 58. The sliding base A25 is 
adjustable to compensate for change in height gif 
the cutting blades due to sharpening. This ad 
justment may be effected in conventional fash 
ion. "The bar 370 may be threadedly connected 
With the sliding base-25 and a graduated dial 530 
(Fig. 2) may be used to adjust the effective 
length of the bar, thereby to adjust the work 
toward-or from the cutter, as required. 

While the machine illustrated is a cutting sma 
chine, it will be understood as previously stated 
that the invention may be applied also to "ma 
Chines for grinding longitudinally curved tooth 
tapered gears. Since a grinding wheel is a too 
having an infinite number of cutting-edges it will 
be understood then that when the terms 'cutter' 
and 'cutting' are used in the specification and 
claims they are intended to include 'grinding 
wheels' and ''grinding.' . 

in Some aspects, moreover, the invention is not 
limited to the cutting of longitudinally curved 
tooth-gears or even to thereutting-of-tapered gears. 
This application is intended, therefore, to cover 
any Variations, uses or adaptations of the inven 
tion following, in general, the principles of the 
invention and including such departures from 
the present-disclosure as come within known-or 
customary practice in the gear art and as smay. 
be applied to the essential features hereinbefore 
set forth and as fall within-the-scope of the in 
vention or the limits of the appended claims. 

Having thus described our invention, what we 
claim is: 

:1. In a machine for generating gears, a tool 
support, a work support, a rotary work spindle 

5 journaled in the Work support, a movable carrier 
upon which one of said supports is mounted, a 
rotary can, means operable on rotation of the 
cam to effect movement of the carrier, and a train of gearing, including change gears, for connecting 
Said means with the work spindle to rotate the 
Work Spindle in time with the movement of the 
carrier. 

2. In a machine for generating gears, a tool 
Support, a Work Support, a rotary work spindle 
journaled in the work, support, a.movable: earrier 
upon which one of said supports...is mounted, a 
rotary-cam, a train of gearing for actuating said 
carrier, a second train of gearing, including 
change gears, for rotating the work spindle in 
time with the earrier, movement,; means operable 
on rotation of the:canifor:driving said trains of 
gearing Efirst in One direction and then in the 
other, Sand: naeans for:periodically imparting an 
additional-algebraic motion to the train of gearing 
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which drives the work spindle, to effect indexing 
of the work spindle. 

3. In a machine for generating gears, a tool 
support, a work support, a rotary work spindle 
journaled in the work support, a movable carrier 
upon which one of said supports is mounted, a 
rotary cam, a pivotally mounted spur gear seg 
ment operatively connected to the cam to oscillate 
on rotation of the cam, a train of gearing op 
eratively connecting said segment to the carrier, 
a second train of gearing operatively connected 
With the first train and including change gears 
and adapted to drive the work spindle in time 
with carrier, and means for periodically impart 
ing an additional algebraic motion to the train 
of gearing which drives the work spindle, to effect 
indexing of the work spindle. 

4. In a machine for generating longitudinally 
curved tooth tapered gears, a tool Support, a 
work support, a work spindle journaled in the 
work support, an oscillatory cradle upon which 
one of Said Supports is mounted, a rotary cam, 
a train of gearing for actuating Said cradle, a 
Second train of gearing, including change gears, 
for rotating the work Spindle in time with the 
Cradle movement, means Operable on rotation of 
the cam for driving Said trains of gearing first 
in one direction and then in the other and at a 
varying rate during movement in one direction 
at least, and means for periodically imparting 
an additional algebraic motion to the train of 
gearing which drives the work spindle, to effect 
indexing of the work spindle. 

5. In a machine for generating longitudinally 
Curved tooth tapered gears, a tool Support, a 
work support, a work spindle journaled in the 
Work Support, an OScillatory Cradle upon which 
one of said supports is mounted, a train of gear 
ing for driving the cradle, a Second train of geai 
ing, including change gears, for rotating the 
work spindle in time with the cradle movement, 
a rotary cam, means for rotating said cam, a 
follower engaging said cam, and means opera 
tively connected to Said follower for driving said 
trains of gearing on rotation of the can, said 
can being constructed so that the rates of Work 
spindle and cradle movements vary progressively. 
during movement of the cradle in One direction. 

6. In a machine for generating tapered gears, 
a tool Support, a work Support, a work Spindle 
journaled in the work support, an oscillatory 
Cradle upon which one of Said Supports is mount 
ed, a rotary can having two trackways formed 
thereon, means operatively connected with one 
of the trackways to effect relative movement of 
the tool and work Supports toward and from one 
another, and means comprising a train of gear 
ing, including change gears, operatively con 
nected with the other of the trackways to effect 
rotation of the cradle and work spindle in timed 
relation. 

7. In a machine for generating tapered gears, 
a tool Support, a work support, a work spindle 
journaled in the work Support, an oscillatory 
Cradle upon which one of Said supports is mount 
ed, a sliding base on which the other support is 
mounted, a rotary cam having two trackways 
formed therein, means operatively connected 
with one of the trackways to reciprocate the 
sliding base to effect relative movement of the 
tool and work Supports toward and from one 
another, a train of gearing for driving the cradle, 
a Second train of gearing for driving the Work 
Spindle and including change gears for timing 
the relative movements of the work spindle and 
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cradle, means operatively connected with the 
other trackway of the cam for driving both 
trains of gearing alternately in opposite direc 
tions, and means for periodically imparting an 
additional algebraic motion to the second trai 
of gearing to index the work spindle. 

8. In a machine for producing longitudinally 
curved tooth tapered gears, a support, and a 
rotary annular cutter mounted on said support 
for adjustment thereon about two axes which 
intersect in a point that lies in the plane of the 
tip of the cutter and one of which intersects the 
axis of the cutter in said point. 

9. In a machine for producing longitudinally 
curved tooth tapered gears, a support, a cutter. 
carrier rotatably adjustable on said support, a 
cutter Spindle journaled in said carrier, a rotary 
annular cutter secured to said cutter spindle to. 
rotate therewith, said cutter spindle having its 
axis extending at other than right angles to and 
intersecting the axis, about which the cutter 
carrier adjustS, in a point lying in the plane of 
the tip of the cutter and constituting the apex, 
of a cone which is traced by the axis of the cut 
ter Spindle in adjustment of the cutter carrier. 

10. In a machine for producing longitudinally 
curved tooth tapered gears, a support, a cutter 
Spindle rotatably mounted on the support a 
rotary annular cutter secured to said spindle to. 
rotate therewith, said spindle being adjustable 
On Said Support about two axes, one of which is, 
inclined at an acute angle to the other and also 
is inclined at an acute angle to the axis of the 
cutter Spindle, and both of which intersect the 

: axis of the cutter spindle at the same point. 
11. In a machine for producing longitudinally 

curved tooth tapered gears, a rotatable cradle, 
and a cutter Spindle rotatably mounted on the 
cradle and adjustable thereon about two axes, 
the first of which is parallel to the cradle axis, 
the Second of which is inclined at an acute angle 
to the first and also is inclined at an acute angle 
to the axis of the cutter spindle, and both of 
Which intersect the axis of the cutter spindle at 
the same point. 

12. In a machine for producing longitudinally 
curved tooth tapered gears, a support, a swivel. 
head angularly adjustable in said support. 
through an angle of 360°, a carrier mounted in 
Said Swivel head for angular adjustment therein. 
through an angle of 360° about an axis which 
is inclined to and intersects the axis of adjust 
ment of the swivel head at other than right 
angles, and a tool Spindle journaled in said car 
rier, a rotary tool secured to said tool spindle, 
Said tool Spindle having its axis inclined to and 
intersecting the axis of adjustment of the carrier 
at other than right angles in a point which lies 
in a plane perpendicular to the axis of the tool 
Spindle, the axis about which said swivel head 
adjusts also intersecting said plane in said point. 

13. In a machine for generating longitudinally, 
curved tooth tapered gears, a base, a cradle 
rotatably mounted in the base and adjustable, 
therein through an angle of 360°, a drum mount 
ed eccentrically in the cradle for adjustment. 
therein through an angle of 360° about an axis 
offset from but parallel to the cradle axis, a 
Swivel head mounted eccentrically in the drum 
for adjustment therein through an angle of 360°. 
about an axis offset from but parallel to the axis 
of adjustment of the drum, a carrier mounted in 
the swivel head for adjustment therein through, 
an angle of 360° about an axis inclined to and 
intersecting the axis of adjustment of the swivel. 
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head, and a cutter spindle journaled in the car 
rier with its axis inclined to and intersecting the 
axis of adjustment of the carrier. 

14. In a machine for generating longitudinally 
curved tooth tapered gears, a base, a cradle 
rotatably mounted in the base and adjustable 
therein through - an ... angle of... 360°, a drum 
mounted eccentrically in the cradle for adjust 
ment therein through an angle of 360° about an 
axis offset from but parallel to the cradle axis, 
a swivel head-mounted eccentrically in the drum 
for adjustment therein through an angle of 360° 
about an axis offset from but parallel to the axis 
of adjustment of the drum, a carrier mounted in 
the swivel head for adjustment therein through 
an angle of 360° about an axis"inclined to and 
intersecting the axis of adjustment of the Swivel 
head, a cutter spindle journaled in the carrier 
with its axis inclined to and intersecting the axis 
of adjustment of the carrier, means for rotating 
the cradle, and means for rotating the Cutter 
spindle, Said last-named means comprising a 
shaft journaled in the base coaxial with the 
cradle, a shaft journaled in the cradle coaxial 
with the drum, a shaft journaled in the swivel 
head coaxial with Said head, a shaft journaled 
in the SWivel head coaxial with the carrier, gear 
ing connecting Said shafts, and gearing con 
necting the last-named shaft with the cutter 
Spindle. 

15. In a machine for generating longitudinally 
curved tooth tapering gears, a work support, a 
tool support, a work Spindle journaled in the work 
support, a rotary cradle on which one of said 
supports is mounted, means for rotating the 
work spindle and cradle in timed relation at a 
varying rate to generate the tooth profiles of the 
work, means for varying the ratio of the rota 
tions of work spindle and cradle during genera 
tion, and means for periodically indexing the 
work spindle. 

16. In a machine for producing longitudinally 
curved tooth tapered gears, a Work Support, a 
tool support, a work spindle journaled in the 
work support, a rotary annular tool mounted On 
the tool support, means for producing a relative 
rolling movement at a progressively varying rate 
between the tool and Work Supports So that the 
generating cuts taken on the work are of the 
same width all along the side of a tooth from 
the small end to the large end thereof, and means 
for periodically indexing the work Spindle. 

17. In a machine for producing longitudinally 
curved tooth tapered gears, a base, a Work Sup 
port, a tool support, a work Spindle journaled in 
the work support, a cradle journaled in the base 
and carrying one of said supports, a rotary cam, 
a lever pivotally mounted at one end in the base 
and having a gear segment Secured to its free 
end, a cam follower mounted on Said lever be 
tween its ends and operatively engaging Said 
cam, a train of gearing driven by Said segment 
for rotating the cradle, a train of gearing driven 
in time with said first-named train for rotating 
the work spindle, means for rotating the can 
continuously at a uniform velocity to make one 
revolution per tooth of the gear to be generated, 
and means for indexing the Work Once per revO 
lution of the Cam. 

18. The method of producing a longitudinally 
curved tooth tapered gear which comprises ro 
tating an annular cutting tool in engagement 
with the work while effecting a relative rolling 
movement between the tool and work at a vary 
ing rate to take generating cuts of equal width 

22 
on a tooth profile of the work along the whole: 
length of the tooth. . . . . . . . . 

19. In a machine for producing longitudinally: 
curved tooth tapered gears, a support, a swivel 
head adjustable angularly on said support, a 
carrier adjustable angularly on the swive head. 
about an axis that intersects at an acute angle 
the axis about which said swivel head is ad 
justable, a cutter spindle journaled in said car 
rier for rotation on an axis that intersects the 
axis, about which said carrier adjusts, at an 
acute angle equal to said first-named acute angle, 
the axis about which said swivel head is adjust 
able and the axis about which said carrier is 
adjustable intersecting the axis of said cutter. 
spindle in a common point, and means for rotat 
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ing said cutter spindle. . . . . . . . . . 
20. In a machine for producing longitudinally 

curved tooth tapered gears, a support, a Swivel 
head adjustable angularly on said support, a 
carrier adjustable angularly on the Swivel head 
about an axis that intersects at an acute angle. 
the axis about which said Swivel head is ad 
justable, a cutter spindle journaled in said car 
rier for rotation on an axis that intersects the 
axis, about which said carrier adjusts, at an acute 
angle equal to said first-named acute angle, a 
rotary annular cutter Secured to Said cutter 
spindle, the axis about which said swivel head 
is adjustable and the axis about which said car 
rier is adjustable intersecting the axis of said 
cutter spindle in a common point which lies 
in the plane of the tip of Said annular cutter, 
and means for rotating said cutter spindle. 

21. In a machine for generating longitudinally 
curved tooth tapered gears, a tool support, a tool 
mounted on said tool Support, means for actuate 
ing said tool, a work support, a work Spindle 
journaled in the work support, an oscillatory 
Cradle upon which one of Said SupportS is mount 
ed, means for Oscillating said cradle comprising 
a rotary cam, means for driving Said can con 
tinuously in One direction, a member Operatively 
connected to said cam to move to and fro on 
rotation of said cam, and a train of gearing, 
having change gears incorporated therein, for 
driving said Cradle OScillatably from Said mem 
ber, and a second train of gearing, having change 
gears incorporated therein and operatively con 
nected to said member to be driven thereby, for 
rotating said work spindle in time with the move 
ment of said cradle. 

22. In a machine for generating tapered gears, 
a tool support, a tool mounted on the tool Sup 
port, means for actuating said tool, a work Sup 
port, a work spindle journaled in the work Sup 
port, an oscillatory cradle upon which one of said 
supports is mounted, means for Oscillating. Said. 
cradle about an axis angularly disposed to... the: 
axis of said Work Spindle comprising a rotary 
cam, means driving said cam continuously in 
one direction, a pivotally mounted spur gear 
segment operatively connected to Said can to 
oscillate about its pivot upon rotation of Said 
cam, and gearing operatively connecting Said 
segment to said cradle, a train of gearing in 
cluding change gears driving said work Spindle 
in time with said cradle for generation of the 
tooth profiles of the work, and means for periodi 
cally indexing the work Spindle. 

23. In a machine for producing longitudinally 
curved tooth tapered gears, a base, a Work Sup 
port mounted on said base, a tool Support mount 
ed on said base, a work spindle journaled in the 
work support and a rotary annular cutter ro 
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tatably notinited en the tool stagsport for ad 
justment thereon about two axes which inter 
sect in a point that lies in the plane of the tip 
of the cutter, one of said supports being adjusts 
able on the base about a third axis inclined to 
the lieutter axis. 
24. In a machine for generating gears, a teel 

stipport, a work support, a rotary work Spinée. 
journaled in the-work support, a movable starrier 
upon which one of said supports is mounted, a lo 
rotary cam, a train of gearing for actuating saia 
carcier, a second train of gearing for retating 
the work spindle in time with the carrier row.e- 
ment, and means 'operable on retation of said 
camfor driving said trains of gearing first in is 
orie éirectionard then in the ether, one of said 
trains of gearing including charge gears. 
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