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The present invention relates to machines for
producing gears and particularly to machines for
generating longitudinally-curved teoth gears;
such as spiral bevel and hypoid gears, in an in-
termittent indexing operation.

In machines of the intermittent indexing type
for generating gears, a cycle of operation com-
prises feed of tool and work inte engagement, roll
of tool and work relative to one another to gen-
erate a tooth side or sides, withdrawal of the work
from engagement with the tool, and indexing of
the work. The eycle is repeated for each tooth
until the operation on the gear is completed. In
a bevel or bypcid gear generator, the rolling mo-
tion may be achieved by rocking a cradle, cn
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 fool ag though it were meshing
with a gear of which the o0l represents a tooth.
Generation may take place during both forward
and return moverments of the cradle and the work
may be indexed at the end of the return roll, or
generation raay take place during roll in one
direction only, and the work may be disengaged
from the tool and indexed during the return roll.

Conventional bevel and hypoid gear generators,
which operate according to the intermittent in-
dexing principle, are made in two types;, namely
“segment-roll” and “geared-roll.” In ‘“segment-
roll” machines, 2. gear segment, which is con-
nected to the work, meshes with a gear segment
that has a fixed relation to the tool, and oscilla-
tion of the cradle caiises one segment to roll on
the other to impart the required rotation to the
work in time with the cradie movement. The
cradle may be oscillated by a cam 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 motions, and a reversing mechanism is pro-
vided which periodically reverses these trains of
gearing to cause oscillation of the cradle and the
required rotation of the work.

“Segment-~roll” machines are relatively simple
in construction because reversal is effected by
the cam or eccentric, which rotates continuously
in one direction, and hecause the timing of the
motions of tool and work ave effected directly
through thie two segments. “Segment-roll” ma-
chines are, however, more or less special purpose
machines, because for each different gear that
is to be produced, crdinarily 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 g reversing mechanism is a complicated de-
vice, difficult to time and expensive to construct
if it is to operate giletly,

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 adjustments 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 & pivot has been required. Thus the
broblem of clamping the cutter rigidly in iis tilted
position is presented. ‘

In conventional spiral kevel 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 cut.on conventional
“geared-roll” machines, therefore, have “fats” or
generating cuts:that are unequally spaced along
the lengths of their tooth surfaces. The “fats”
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 finisi
on a gear generated on a conventional machine
iIs not.as good: at the large end of the tooth as
at the smail 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
pbrovide 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 obiect 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 fo 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 slowing-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 embediment of the present invention, the
generating motion of the machine is controlled
by a barrel cam which drives the cradle and the
work spindle 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, uniform
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 gz 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
angle of 360°. Angular adjustment of the drum
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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 cradie. Thus, the tool may be posi-
tioned to cut gears of any desired spiral angle.
The angular adjustments of the swivel head and
carrier enable a tool to be positioned to repre-
sent any tapered gear or basic gear during gen-
eration of the work and permit use of a cutter
to cut gears of different pressure angles. The
whole structure is very compact and rigid.

In the drawings:

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 cutier carry-
ing cradile;

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 cradle housing, showing parts of
the generating and feed mechanisms, parts being
broken away;

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

Fig, 7 is & view looking at the front of these
brackets, showing details of the drives to the
control cam and to the indexing mechanism of
the machine;

Fig. 8 is a simiiar view, but with parts of the
drive to the index mechanism removed in order
to show more clearly details of the index mecha-
nism itseif;

Fig. 9 is a diametrical sectional view through
the drive member of the modified Geneva type
index mechanism of the machine;

Fig. 10 is a view showing the trip cam and trip
lever of the indexing mechanism;

Figs. 11 and 12 are views at right angles to one
another showing in detail the trip and lock-up
levers of the index mechanism;

TFig. 13 is a horizontal sectional view taken
on the line {3—13 of Fig. 8;

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

Pig. 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 secticnal view
through the work head, but on a somewhatb
smalier scale than Fig. 16;

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

Pig. 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 disgrammatic view showing how
in anotlier positién the cutter may represent a
tooth of a generating gear whose piteh cone angle
is considerably less than 90°;

Pig. 25 is & diagrammatic view faken at right
anglez to the views of Figs. 23 and 24, showing
one pesiticn of the cutter when the gear, which it
represenis, has testi of positive spiral angle;

Tig, 25 is a diagrammatic view showing how &
cutter with a given bldde pressure angle may bé
adjusted in the machine of the present invention
to have different effective cutting pressure angles;

Tig. 27 is a diagrammafic view showihg the po-

sitions of 2 cutter and pinion blank at the begin-

ning and end of the roll in generating a spiral
bevel or hypoid pinion;

Figs. 28 and 29 are a section taken Iengthwise
of the teoth space of a lorigitudinally curved tooth
gear or pinion and g fragmentary perspective
view of this tooth space, respectively, further il-
lustrating why corresponding parts of the tooth
profile are not cut simultaneously along the whole
length of a tooth space;

Fig, 30 iz a fragmentary view of a spiral bevel
pinion such as might be generated on conven-
tional machines, showiiig the nature of the cuts
taken along ths height of the tooth profile from
one end of the tooth to the other; and

Fig. 31 is a corresponding view showing how
these profile cuts may be egui-spaced by use of
the mmachine of the present invention.

Referrinz now to the drawings by numerals of
reference, 8 denotes the bage of the machine.

Tecured to the base at cne end thereof is the
~radle housing 3{ (Fig. 3). Mounted on the base
at the other end thereof for angular adjustment
therecn is sub-base 52 (Fig. 2). Journaled in
thz housing 3! on anti-friction bearings 33 and
88 is a cradle 25, shown fragmentarily only in
Fig. 4.

Mounted in the cradle on plain bearings 4{ and
42 for rotatable adjustment therein through an
angle of 360° about an axis eccentric to the axis
of the cradle is a grum 48. Journaled in the drum
on plain bearings 48 and 47 for rotatable adjust-
ment therein through an angle of 360° abouf an
axis eccentric to the axis of the drum is a swivel
head 45. Journaled in the swivel head 45 on
plain bearings §{ and §2 for rotatable adjustment
therein about an axis angularly inelined fo the
axis of the swivel head is a carrier 88. Journaled
in the carrier on anti-friction bearings 56 and
87 is the cutter spindle §5.

The face mill cutter C, which is adapted to be
used on the machine, may be secured to the cutter
spindle §5 in any suitable manner as by means

of a central bolt 81 which threads inte the spin- :

dle 53. The cutter shown is of the type dis-
clesed in U. 8. Patent No. 2,586,428, granted Feb-
ruary 19, 1952, and has a truing disc 62 (Fig. 4)
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secured to its rear face as by means of screws 63 -

(Fig. 3). Its cutlting blades are denoted at 84.

The cutter spindle 5% is rotated continuously”

during coperation of the machine, being driven
from a motor T8 (Figs. 6 and 19) which is mount-
ed: a} a suitable point in the cradle housing 31.
The armature shaft of this motor is connected to
g shaft 7{ which is journaled in the cradle hous-
ing 3{ and which carries a bevel pinion 72 that
meshes with and drives a bevel gear 3. This
gear is mounted on a shaft 74 to which is secured
a spur gear 75. This shaft is also journaled in
the cradle housing 3f.

The spur gear 75 meshes with and drives o
spur gear 16 which is secured to a-shaff 77. There

65

75
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is a $pur vinion 79 secured to this shaft which
meshes with and drives a spur gear 79. The gear
19 is seeured to a shaft 83 to which is secured a
spur gear 81. Shafts 17 and &8 are journaled in
cradle housing 31. The gear §f meshes with and
drives a- spur gear 82 (Figs. 19 and 4) whiech: is-
keyed or otherwise secured to a shaflt 4 that is
journaled on anti-friction bsarings 85 and 88 in
a sleeve 87. This sleeve is journaled in & bracket
88 that is secured by screws 8§ to the cradle 35.
It is secured by screws 9% to a bearing &{ that is
jotirnaled in cradle housing 3f.

The shaft 26 is co-axial with the cradle 3%
Keyed to - the shaft 24 at ifs inner end is a spur
pinion 85 which meshes with and drives a spur
gear 85. This gear is integral with a -shaft 97
that is journaled on anti-friction besrings 98 and
89 in a-bracket 183 which is secured by serews
18+ to the eradle.

The shaft 87 is mounted eoaxial with the drum
40. It has a spur pinien 185 keyed to its inner
end wliich mteshes with a spur gear 188 which
is keyed to the outer end of & shaft {87, This
shaft is- journaled on anti-friciion hearings (8§
and {89 in swivel head 45. Integral with this
shaft at its inner end is an angular bevel gear
119, Thisgear meshes with an angular bevel gear
{18 which is keyed to a slesve {18 that is jour-
naled on anti-friction hearinegs {7 and {{5 on a
stud 128.

Thig stud is heid against axial movement rela-
tive to swivel head 45 by a nut {21 which threads
onto the stud. Intesral with the sleeve {48 is g
spur gear {25. 'This meshes with a spur geayr {25
that is infegral with & shaft 127 which is jour-
naled on anti-friction bearings (28 and 122 in a
sleeve 188. The slesve {38 is secured in any suit-
able manner to the carrier 58.

There is a bevel gear {25 keyed to the inner
end of shaft £21. This meshes with a bevel gear
{38 which is keyed to a shaft 187. This shaft is
journaled on anti-friction bearings 138 and 139
in the earrier 58 with its axis at right angles to
the axis of the cutter spindle 55. Tntegral with
this shaft {37 at its inner end is a bevel pinion
{48 which meshes with and drives s bevel gear
18¢ that is secured by screws {62 to the cutter
spindle 55 to be coaxial with the cutter spindle.

The stud 129 is coaxial with the carrier 58 and
the axis of the carrier is inclined to ang interseets
both the axis of swivel head 45 and the axis of
cutter spindle 5. When supporting ring 58 is
adjusted angularly, then, the axis of cutter
spindle: 5% swings about stud 12§ and traces g
conical surface about the axis of this stud. In
this adjustment gear {28 rolls on gear 125 and the
axis of the cutter spindle rolls about the apex of
this conical surface.

The cradle 3% is adapted to be swung 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, aceording to any of the well known
generating methods, =

The swinging movement of the craaIe is ef‘fected
by eperation of & barrel cam {58 (Figs. 5, 8, and
19). This cam has a plurality of tracks {51, 153,
and 1§3. It is keyed to a shaft {55 that is jour-
naled on anti-friction bearings 56 and {57 m
a bracket {58 that is secured in any suitable
manner to the eradle housing 31. 'The tracks {51
and {52 control the movement of the work to and
from eperative engagement with the tool as will
be described later. The track 153 contfols the
operation of the cradle.
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A tapered cam roller 160 engages in this track -

i53. It is mounted by means of anti-friction
bearings 161 on a stud 162 which is secured by
screws 163 to a rocker arm (65. The rocker arm
is journaled at its lower end by means of anti-
friction bearings 166 on a stud 167 which is se-
cured by screws (68 to the bracket 158. The stud
projects through an arcuate slot 169 in cam hous-
ing 154 so that roller 160 may engage in cam
track 153. The slot 169 is concentric with pivot
pin 161. .

There is a spur gear segment 70 secured b
screws 171 to the outer end of rocker arm {65.
This spur gear segment meshes with a spur gear
{15 which is secured to a shaft {76 that is jour-
naled in bracket 158. The pinion 175 meshes with
a spur gear 1718 that is secured to a shaft {79.
There is a second spur gear (88 secured to this
shaft. This gear may be meshed with a spur gear
{81 that is secured to a shaft 182, or it may bhe
meshed with a spur gear {83 that is secured to
shaft 184. This shait has a second spur gear 185
secured to it which meshes with a spur gear {86
that is secured to shaft 182. Shaft 182 is jour-
naled on anti-friction bearings 187 and 189 (Fig.
14) in bracket {58 and has a hypoid pinion 188
integral with it at its inner end. This hypoid
pinion meshes with a hypoid gear 198 which is
secured by bolts 191 (Fig. 4) to the cradle 35 and
which is coaxial with cradle 35. .

The segmental gear {10 (Fig. 6) is held against
an arcuate guide surface 112 (Fig. 5) by a gib 113
which is secured to cam housing 164 by screws (14,
s0 as to prevent chatter of the rocker arm 165 in
its movement. Guide surface 112 is curved about
the axis of stud {67.

The cam 159 makes one revolution per tooth of
the work as will be described hereinafter more
particularly, and the cam track 153 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 eycle, or,
vice-versa, downward and then upward is deter-
mined by whether shaft 182 is driven through
gears {83 and {81 or through gears 180, 183, 185,
and 186. When shaft 182 is to be driven through
gears 180 and 181, change gear {83 may be re-
moved from the machine, and when shaft 182 is
to be driven in the opposite direction, change gear
{81 may be removed.

Shaft 182 may be rotated manually to adjust
cradle 85 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 193 (Fig. 4)
which is secured to drum 40, Swivel head 45 is
adjusted angularly in drum 49 by rotation of stub
shaft 194 (Fig. 3) which carries a spur pinion
(not shown) that meshes with a spur gear 19§
(Fig. 4) that is secured by screws 202 to swivel
head 45. 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 208
that meshes with a spur gear 209 which is secured
to carrier 58.

A ring or gib 217, that is secured by screws 218
to cradle housing 31, serves to hold the cradle
against forward movement axially in the cradle
housing. This gib is graduated as shown in Pig. 3
to read against a vernier 217’ to permit of the
angular adjustment of the cradle being made
accurately. The vernier is fastened to the cradle.
A graduated ring 219, that is secured to cradle 35
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and that reads against a vernier 219’ which is
fastened to drum 40, serves for accurate adjust-
ment of drum 40 in the cradle. A ring or gib 221
(Figs. 3 and 4), that is secured by screws 227 to
drum 48, serves to hold swivel head 45 against
movement in one direction axially in the drum.
This gib is graduated to read against a vernier
221’, 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 59 in swivel head 45. This gib is graduated
to read against a vernier 229’, which is secured
to carrier 5@, to permit accurate adjustment of
the supporting ring in the swivel head. A gib 236,
which is secured by screws 237 (Fig. 4) to carrier
50, serves to secure cutter spindle §5 in place.

With the shaft 84 mounfed coaxial with the
cradle, the shait 87 mounted coaxial with the
drum 40, the shaft i87 mounted coaxial with the
swivel head 48, and the shaft 120 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 48 are parallel ang perpendicular to the
axes-of these two parts. The front face of swivel
head 49 is approximately helical so as to accom-
modate the carrier ¢ 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 cam (59 is adapted to be driven
from shaft 74 (Fig. 19). There is a spur gear 195
secured to this shaft which meshes with a spur
gear 185, Gear 196 is secured to a shaft {87
which carries a spur gear {98 that meshes with
a spur gear 2808. Gear 200 is secured to a shaft
201. A spur sear 2083, which is secured to this
shaft, meshes with a spur gear 285 that is keyed
to a shaft 208. There is a bevel miter gear 219
(Pigs. 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 212 which is
journaled on anti-friction bearings 2098 and 2i4

. in a bracket 389 which is secured to cradle hous~
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ing 31. A hypoid pinion 213 is integral with shaft
212 at its lower end. This pinion meshes with a
hypoid gear 215 that is secured to one end of the
barrel cam by screws 218 (Fig. 5). The gearing
is so selected that the cam {58 makes one revo-
lution per cyele 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 drive to the work is derived from
shaft 182 (Figs. 14 and 19). This shaft has a
bevel gear 228 keyed to it which meshes with
and drives a bevel pinion 221. 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 228. 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 227 carries at
its outer end a spur gear 238. Gear 239 meshes
with a spur gear 231 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 158.

The shaft 232 has a bevel gear 24§ at its inner
end which forms one of the side gears of a dif~
ferential that is designated as a whole at 244,
The other side gesr of this differential is de-
noted &b 24 242 designates the planetary pin-
ion of the differential. This meshes with the two
side gears 248 and 244. This pinion is journaled
directly througzh balls 243 on a spider member
245 that is secured by a key and by a set-screw
248 to a shaft 248. This shaft is journaled on
balls 248 in shaft 282 angd on balls 258 in side
gear 281 and on balls 28! in the bracket (53.

Integral with the side gear 24{ is a bevel gear
255. This gear meshes with a bevel gear 258
(Figs. 5 and 19) that is integral with a shaft
257. This shaft is journaled on anti-friction
bearings 288 and 258 in a swivel member 288
that is rotatably adjustable in the top of the
cradle houcing 2i. Secured to the upper end of
this shaft 287 iz a bevel gear 262. This bevel
gear meshes with a bevel gear 284 which is keyed
to a sleeve 288 which in turn is keyed to one
end of a telescoping ghaft 2885,
is journsled on anti-friction bhearings 2§7 and
268 in the swivel mermber 264,

The oppocite end 285 (Figs. 17, 18 and 19) of
the televcoping shaft is keyed to a sleeve 270
which is journaled on anti-friction bearings 271
and 272 in a swivel member 274, This swivel
member is secuved hv g gth 275 and eeverg 279
to a ring 277, which, in turn, is secured by screws
278 to the top of the work head column 288
of the machine.
a bhevel gear 28¢ which meshes with a bevel gear
282 that is secured to = vertical shaft 284. This
shaft is journaled at its upper end on anti-fric-
tion bearings 283 in swivel member 274, At its
lower end it has telesconing keyed engagement
with a sleeye 287 that is journaled on anti-fric-
tion bearings 2582 and 289 in the work head 31{5
of the machine,

Integral with the sleeve 287 is a bevel gear
298,
281 that is keyed to a horizontal shaft 292. This
shaff is journaled in s sleeve 28% which is se-
cured by screws 383 to work head 2{5. There
is 5 sbur gear 298 keyed to the outer end of the
sheft 282. This spur gear meshes with a spur
gear 294 that is secured to a stub-shaft 228 which
is mounted in a cquadrant 288, There is another
spur gear 257 secured to this stub-shaft which
meshes with 2 snur g2ar 292 that hag srlined con-
nection with a shaft 288, The chaft 28 is jour-
naled on anti-f ion bearings 381 and 382 in
a sleeve 384 thai iz secured by screws 385 to the
work head 2{8., There is 5 hypoid pinion 387
integral with the shaft 382 at its inner end.
This meshes with a hypoid gear 588 which is
secured by screws 3589 (Fig. 18) to the work spin-
die 248 of the machine.

The work spindle is journaled on anti-friction
hearings 211 and 812 in the work head 345.

The work head 845 is mounteqd in the column
280 for vertical sliding movement on plane sur-
faced ways 10 and 317, Vertical adjustiment of
e work head may be effected by rotation of
the knurled kneb 328 which has a graduated dial
224 secured to it
integral with a screw 222 that threads into a nut
(mot shown) which is sscured to the weork head
G158, The adizstment of the work head in the
column 288 permits of positicning the work axis
in the same plane as the axis of the cradle for
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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 225, 226, 230 and
231 are change gears and govern the ratio of
the generating roll. The gears 283, 254, 297, and
298 are change gears and govern the number of
teeth to ke cut in the work. The use of hypoid
gears 188 and 199 and 2307 and 308 for driving
cradle and work spindle permits of fast speed
operation of both the cradle and work gear trains,
minimizing the effect of any possible errors in
the gears af either of these trains on the work
produced, a very important item in these days
when gears mush be cub to aecuracies measured
in thoussndths of an inch.

The gear G (Fig. 1), which is to be cut, may
be-secured to the work spindle 319 by any suitable
chugking mechanism. This chucking mecha-
nism may be actuated by a draw bar 828 which is
secured by nuts 828 to a sleeve 327 that is
threaded into 4 piston 328. The piston is adapted
to reciprocate in a -cylinder which is designated
as & whole at 239. The draw bar 323 may be
moved 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 332 and
forwardly to released position by fluid-pressure.
This fype of chucking mechanism is well known
in the art and need not further be described.

During operation of the machine, the work is
ied into operative relation with the cutter and
then cutter and work are rolled together to gen-
erate & 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
toward and from operative position is actuated
by rotation of barrel cam i58. The cam is pro-
vided with two feed track-ways {51 and 152 (Fig.
5), already mentioned. One of these track-ways

-controls the feed and withdrawal motions 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 344 and 342 are adapted to be engaged
selectively with the cam tracks {84 and 152 de-
pending upon whether a rough-cutting or a fin-
ish-cutting operation is to be performed. The
two rollers 341 and 2342 are journaled on posts
343 angd 844, respectively, which are mounted for
axial reciprocation in a cam lever 345 (Figs. 5
and 16). Racks 346 and 347 are cut into op-
bosed facees of the posts 344 and 343, respectively.
A spur pinion 848 is internosed between and
‘meshes with the two racks. This spur pinion is
integral with a shaft 349 which is journaled in
the cam lever 345 and is manually rotatable to
move one or the other roller 341 or 342 selec-
tively into engagement with the tracks 150 and
{82 of the cam. 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 $88, which is integral with it,
in the cam housing 164. A gib 352, which is
secured by screws 353 to the bracket, serves to
hold and guide -the lever in its pivotal move-
ment.

Slidably mounted in an elongated slot 855 in

the lever is @& block 356. ‘This block is adjusted

by means of a screw shaft 357 which is journaled
in theleverand 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 358 and on this pin there
is pivotally mounted another block 360 which
engages in an elongated slot 361 formed in an
extension 362 of a cylinder 363. The cylinder is
slidably mounted in aligned bearings or guides
384 and 365 (Fig. 16) of bracket 158. A piston
367 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 3879. The coupling pin 363
carries rollers 366 that engage in a recess 371 in
bar 318. Bar 370 is connected to a sliding base

825 (Fig. 2) which slides on ways 431 and 432
of sub-base 32 of the machine, as will be de-
seribed more particularly hereinafter.

Fluid under pressure may be admitted t6 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 posifion shown in
Fig. 16 under fiuid pressure and alternate feed
and withdrawal of the work are controlled by
cam {50 through whichever of its feed tracks 151
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 2712
(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 210 (Figs. 7, 8, and 19). This

gear meshes with and drives not only bevel gear

211 but also a bevel gear 315. This is indicated

diagrammatically in Fig. 19, the gear 210 being

shown in full lines in engagement with gear 211

and in dotted lines in engagement with gear 375.

The gear 3718 is keyed at one end of a shaft 376.

This shaft is suitably journaled in a bracket 377.

Integral with this shaft is a cylindrical pinion

380 which meshes with a hypoid face gear 381.

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 382. 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 388 and seats against ring 383,
tends to release the clutch. Sleeve 289 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 3%9i. Secured to the ac-
tuating plate 381 by screws 392 (Fig. 8) and the
dowel pin 333 (Fig. 9) is a spur gear segment 395
and journaled on this segment is a roller 396.
The roller is held on the segment by a plate 397
and screw 388. The roller is adapted to engage
successively in cam slots 480 and 401 formed in
a Geneva plate 402. This Genevg 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 485 at diametrical-
Iy opposite sides of its axis registering with the
slots 489 and 481, respectively.

The Geneva plate 462 is held against rotation
during cutting by a lock dog 487 (Figs. 7, 8 and
12) which engages in a notch in the plate and
which is secured to a lever 488 that is keyed to
a shaft 410. This shaft is journaled in the
bracket 158.

The carm 388 has two trackways 428 and 424
(Fig. 10). The lever 488 is held in locking posi-
tion by action of a double-armed lever 417 which
is also keyed to shaft 418. One arm of this lever
carries a roller 4i8 that rides on one trackway
423 of the cam. 'The other arm of this lever has
a spring £15 housed in it which seats against an
arm 418. The arm 4{8 is mounted rotatably on
the hub of lever 41%. It carries a roller 41§ that
rides on the trackway 825 of cam 32@. This
roller is secured to arm £{8 by a bolt 412 and
nut 413. A pin 488, which threads intc arm
418 (Fig. 12), and a nut 488, which threads onto
the pin, serve to limit relative movement of arm
418 and lever 488.

Each of the cam tracks 423 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 cams
are slightly spaced angularly relative to one an-
other in accordance with the angular spacing of
rollers 448 and 4(8 so that the portion of one
trackway which is of major radius is in align-

2 ment with the portion of the other trackway

which is of minor radius and vice versa. When
the locking dog 498 is in engaging position roller
418 is on the high part of cam surface 424 and
roller 445 is on the low part of cam surface 423.
The shaft 385 rotates continuously and makes
one revolution per cycle of the machine and the
cam 299 and actuating plate 34! revolve with if.
When the roller 418 rides down off the high part
of the cam surface 28 and the roller £18 rides
up on the high part of cam surface 23, the lever
409 is swung outwardly to disengage dog 487
from Geneva plate 482, When this occurs, the
actuating plate 3%f is free to rotate under actu-
ation of the gearing 2{3-—215. The result is that
the roller 288 engages in one of the slots 400 or
4081, which is then in registry with the roller and
the actuating plate 391 drives the Geneva plate
422, The first part of the -motion is under con-
trol of the roller 398. Thus, it starts slowly and
accelerates gradually. When the two plates 331
and 482 have rotated far enough to bring seg-
mental gear 395 into engagement with teeth of
segmental gear 424, the motion is continued but
at a uniform rate under control of said gearing.
When the gears 385 and £88 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 482 rotates,
an increment of motion is imparted to the shaft
248 which operates through the differential 244
to add or subtract motion 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 288 (Figs. 1, 2 and 17), which car-
ries work head 318, is mounted upon a swinging
base 820 for rectilinear adjustment thereon in
the direction of the axis of the work spindle
along ways 821 and 422 (Fig.2). Ifisadapted to
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be held in any adjusted position by T-holls 428’
and 424’ (Fig. 17) which engage in T-slots 427
formed in said ways. Adjustment of the column
on the swinging base may be effected in known
fashw’l hy rotation of a shaft (not shown) which
insg ”ngmg hase 42% and which car-
n that meshes with a rack 429
which is a0 chd to the underside of the column
Ly serews 42%°. Rach T-holt £26 may be tishi-
ened 6r *eleach by manusal rotation of a shaft
437. This shaft carries a bhevel gear 438 which
meshes with a bevel gear 439 that is threaded on
bolt £24.

The swinging base 420 is pivotally mounteqd for
angular adiustment apout an axis x (Fig, 2) on
sliding base 420, A guide way £2¢ is provided
on the sliding base for this purpose. . The swing-
ing base is secured in any adjusted position by
T-bolts which engage in the arcuate T-slot 428
formed in this gulde-way. The sliding base 425
is mounted for rectilinear adjustment and slid-
ing movemeni upon sub-base 32 being guided by
ways 431 and 432 formed on the sub-base and
sliding on the vollers 4322 and 434 (Fig. 2) that
are mounted in the top and sides of these ways.
The sub-base iz adjustable anguiarly on the kase
28 of the machine. For this purpose it hgs a
trunnion 438 secured fo it which is journaled in
a plate 435 which is .secured by screws 437 to
base 88, The sub-base is graduated -at its pe-
riphery, as shown in Fig. 2 conecentric with the
axis of trunnion 435 to permit accurate adjust-
ment of the sub-base. The graduations read
against 2 zero mark on a lug 433 which is in-
tegral with base 38,

The rectilinear adjustment of cclumn 289 per-
wits of positiohing the work in accerdanece with
the cone distance of the gear G to ke cut. The
angular adjustment of the swinging hase 429 per-
mits -of agdjusting the work in accordance with
‘the cere angle of the gear to be cut.

Machineg may he build according to the pres-
ent invention either for cutiing longitudinally
curved tooth tapered gears or for grinding such
gears. In a grinding machine, anguilar adjust-
ment of sub-base 32 permits of positioning the
ways £31 and £82, when ihe grinding wheel is
nositioned te r@nrnscnf . tapered gear other than
a crown gear, 5o that the sliding base 425 will
travel in o divestion to bisect the angle batwesen
opposite sides of the grinding wheel, This in-
sures egual wear on oprosite sides of the wheel
as the work is fed step-by-step into the wheel
as described in detail in pending applcation of
William C. Critchley and Herman A. Male, Serial
Mo, £6,144, filed QOciober 23, 1948, Paieni No.
2,585,402, eranied September 4, 1561,

In g gear cutting n ine the;re is no particu-
lar advantage $o moving the sliding base in an
inelined direption. Hence in a .gear cutting ma-
chine, sub~base 2% is seb at its zero adjustment
g0 that ways 48] angd 432 extengd in the directicn
of the axis oa" the cradle and the:sliding base 425
moeves in that direction toward or from operative
nosition,

One of the prinecipal features of the present in-
vention, as alreadv stated, is the use of a cam
for actuating the gear {rains that drive the eradle
and the work and eﬁ"ect the generating roll. The
cam eliminates the reversing mechanism and it
vermits of oblaining any desired variation in vate
of roll during generation, One way in which this
abilidy to obizin variation in rate of roll may bhe
taken asdvaniage of 'is liustrated in Pigs. 30 and
31. “First, however, we shall refer to:the charac-
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ter of the eut obtained on-a spiral bevel or hypeid
gear with a face-mill cutter.

In a spiral bevel or a hypoid gear each tooth
and tooth space curves around the cone .of the
gear so that the cutter begins to cut in the gen-
erating roll at one end-of 2 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. 448§ de-
notes the gear or pinien -which is to be cut; 441
is its-apex and 442 its a The teeth and tooth
rom end to end. 447 s
the-root circle-of the work at the small end of a
tooth space 444, and 447’ is the root circle .of the
work at the large end of the tooth space. 448
denotes a-side-cutting edge of o blade of the face-
mill cutter used in eutting the work. 849 is the
extreme pojnt in this cutting edee. As the cut-
ter revolves in engagement with the work at any
one position ‘of the roll, 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, 454 is
the path of this point as it moves across the face
of thework. ‘Thisisa curved line lying in plane
458 tangent to root cirele 441. 'This line ap-
pears asa 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 450, 433 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 small end of a
tooth space 0. the large end thereof during the
generating ‘roli; and as cutter and blank roli tn-
gether, the blades of the cutter take succsssive
diagonal -cufs along the height of the tooth pro-
file from the small to the large end of the toeth,
enveloping by these cuts the tooth surface to be
generated. The smoothness of the tooth surface
produced will depend on the pumber of {hese
cuts. Fig. 27 illustrates the -generating roll.
Here 400’ and 480°' 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 correspongding
positions of ‘the face mill cutter which is em-
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 446,
where the cutter is cutting -at the small engd nf

‘the tooth space to the position 448", where the

cutter is cutting at the large end of the tooth
space, the cutter will have moved through dis-

‘tance 445 from wposition 443’ to position 443.

The cuts diagonally across the tooth surface gen-
erate and envelope the required tooth shape zll
along the length of the tooth.

In conventional “geared-roll” typs machines,
the rate of roll is uniform throughout genera-
tion. As a result, the cuts or “generating flats”
are spaced further apart -at the large end of o
tooth than at the small end thereof, because the

tooth has a greater-height at the large end.

‘Fig. 30-illustrates dlagrammatically 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 487 its axis.
458 denotes the small end of a pinion tooth and
455 the large end thereof. The cuts taken on
the tooth surface in the generating roll are desig-
nated at 4688. 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 uniform ani
each part of the tooth height rolls at the sam:
rate under the rotating cutter. As a result of
the method of operation of the prior fypes of
machines, then, the finish at the large end of a
spiral bevel or hypoid pinion is coarser at the’
large end of the tooth thar at the small end
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. Th s
is achieved through provision of a cam tra
{53 on the barrel cam 156 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 26
small end of the tooth. The result is illustrated
in Fig. 31. Here 485 denotes the pinion being
cut, 466 its teeth, 467 its axis, 468 the small en+
of a tooth and 469 the large end thereof, and 473
the flats or profile cuts taken on the tooth during -
the generating operation. It will be noted 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 {88 be used on
all jobs within the range of the machine. Suii-
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, 228,
230 and 231 (Fig. 19).

The advantages of the variation in rate of roil
are not limited either to a machine in which
uniform ratio of roll is employed. They can still
be achieved even where for any reason it is de-
sired to vary the ratio of roll during generation,; 45
as to modify the tooth profile shape, increase the
range of usefulness of the machine, ete.

Modification in ratio of roll can be obtained by
providing a suitable ratio varying mechanism of
the type disclosed, for instanece, in Wildhabex,.50
Patent No. 2,342,232, granted February 22, 1944.
This mechanism is dénoted generally at 475 in
Fig. 20. It may be driven from shaft {82, which
is split for this purpcse, through a bevel gear 476
which is zecured to that shaft and which meshes; 55
with a bevel pinicn 477 that is fastened to a shaft
478. The latter shaft carries a spur gear £79
which meshes with a spur gear 488 on shaft 481,
Shaft 88} has a second spur gear 482 secured to
it which meshes with a spur gear 483 on a shaf{;;60
A488. This sbaft carries the cam or eccenftric
roliers which produce the modification in motion.
The head or block which engages with the cam or
the rollers and is actuated thersby is secured to a
shaft £485. This shafi may have a miter bevel.65
gear 436 secured to it which meshes with a miter
hevel gear 487. The bavel gear £87-is secured to
2 spider 488 which is rotatable on shaft (82, The
spider carries and rotatably supports a planetary
hevel pinion 883. This pinion meshes with bevel, 70
side-gears 498 and %1, Gear 498 is secured to
shaft 182 and gear 481 is secured fto the axially
alisned shaft (382’.

The gears 289, 488 and 491 constitute a differ-
ential permitting the variation in motion pro- 75
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duced by mechanism £715 to be superimposed on
The differential is here used
because the cradle is driven by hypoid gearing
Tis action is like the reciprocal motion imparted
to the cradle worm 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 from and independent of any variation
in rate of roli that may be produced by cam {88,

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 £5 is parallel to the
axis ¥ of the cradle 35 and coincides with the axis
2 of the swivel head 45. W denotes the axis of
the cutter carrier 50. As already stafed this axis
is inclined to and intersects the axis of the cutter
spindie. The point of such intersection is de-
noted at a. It lies in the central plane 538 of
the machine.

Fig. 22 illustrates diagrammatically an extreme
position of adjustment of the cutter. Here the
cutter carrier B8 has been swung about the axis
w of shaft 120 (Fig. 4) through 180°. Axis ¢ of
the cutter spindle 55 is now inclined to axis 2 of
swivel head 45, and the cutter spindle has been
swung so far about cone center ¢ that axis w of
cutter carrier 59 bisects the angle between axes
zand f. Plane 581 of the tips of the cutter blades
is now inclined to central plane 588 of the ma-
chine.

When the cufter is in the zero position of its
adjustment, it may represent, as shown in Fig. 23,
2 nominal crown gear 585, that is, a basic gear
having a face cone angle of 80° hut a pitch angle
of slightly less than 90°. Here the axis £ of the
cutter is parallel to the axis y of the cradle and
the tip surface 591 of the cutter lies in the face
plane 536 of the crown gear. When the cutier
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 cutber.

Fig. 24 shows the cutter positioned to repre-
sent a tooth of a generating gear 549 whose pitch
angle is considerably less than 90°. Here the
axis ¢ of the cutter is inclined at an acute angle
to the axis ¥ of the cradle, which represents the
axis of gear 518, and the tip plane 58! of the
cutter is tangent to the conical face surface 5ii
of the generating gear. When cutter and blank
are rolled together then in the machine, tcoth
surfaces will be generated on the blank which
are conjugate to the tooth surfaces of gear Gi8.

Fig. 26 shows diagrammatically how through
angular adjustment of swivel head 48 and cutter
carrier 89, a cutter C, which has side-cutting
edges 515 and 516 of a certain pressure angle,
may be positioned to represent a tooth of a gen-
erating gear 517, the opposite sides of whose
teeth are of different pressure angle. Here cut-
ter axis ¢ is tilted with reference to axis v of
cradle and of basic gear 517 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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onily provides rigiity in ‘the cutter mounting but
simplifies -cdlevlation of “the cuiter settings.
Heretofore ‘the cutter has bean ‘tilted sbout an
axis intersecting the -cutter sgindfle in-a point ap-
_proximateély midlength of the -cutter -spindle.
The effect at the 4ip of ‘the cutter -0of -any -angular
adjustment -ghout such axis has “had Theretofore
to be calevlated and -allowed for.
cutter -about a ‘peint @ of ntersection of swivel
head and -cutter axis, the angle of it can be
comptited -directly.

"The -‘generating -gear represenied 'by ‘the cutter
may have, of course, ‘tecth of any spiral angle.
Pig, ‘25 -shows the cutter positioned to represent
a ‘basic gear ‘520 -whose longitudindlly curved
teeth 524 "have a positive spirdl angle, The cut-
ter -axis t is offset from the axis-y of ‘the cradie
and of ‘the baste gear and is ‘so -positioned angu-
Iarly dbout the axis ¥ that the cutter in its rota-
tion will represent a ‘tooth '52{ an# sweep and
generate ‘teeth 'on ‘the -wofk conjugzte to this
basic ‘gear %2f. This -position of ‘the cutter ‘is
achieved by ‘adjustment -of the eccentric 40 and
the-cradle 35. "The adjustment of the eccentric
40-gives the -desired radizl -positian of ‘the cutter
axis with reference-to ‘the-axis of ‘the .cradle and
the -adjustmerit -of “the -cradle ‘brings the cutter
into the-desired angular position-about the cradle
axis.

“The ‘operation of ‘the ‘machine ‘will ‘be -under-
stood ‘Trom the-preceding HQescription ‘but may he
briefly’summed up‘here. Assuming-that the cui-
ter “has ‘been “properly ‘positioned -relative ‘to ‘the
work ‘by ‘adjustment of cradle, -eccentric, swivel
head, 'and -cutter ‘carrier,-antt ‘that ‘the ‘work has
been ‘properly positioned by adjustment .of sub-
base 32, sliding base 425, -swinging 'base 42§,
column 280-and-work ‘head 315, and thatthe gear
G, which is‘to’'be cut, has been c¢hucked, the first
stepis‘to-move‘the work from'loatiing position-to
operative position'by movement-of piston 367 (Fig.
16). “Then-motor T0 (Fig. 19 ‘is ‘started. “Cam
(50 starts to revolve-and track ‘i'51-or "1§2 of ‘the
cam, “whichever ‘is operative, depending on
whether the gear is being roughed or firiished,
swings lever 345 (Pig.'15) “to feed ‘the work ‘irito

operative rélation with-the tool. "Cam-track 183

may:beshaped to‘hold-cradle-and work stationary
during -this“feed -or feed -may -be effected -during

the first part-of thegenerating roll. “Inanyevent, :

when‘the actuating part ¢f track 53 of cam 150
becomes operative, the generdting-roll begins-and
cradle and work -are rotated -ontheir "respective
axes through the‘trains-of -gearing shown in"Fig.
9. "The cam 150 makes a revolution -per-cycle
and-drives these gear trains first ‘in-one-direction
end then in‘the-other.

If the work‘is‘to be cut-on-roll‘in one-direction
only, ‘cam tracks ‘181 and °152 -are -sShaped to

cause withdrawsal df the work from*{lre“tooldur--

ing the return-roll. “If-the work‘is*to be cut on
both-forward-amd return'rolls, canrtracks f51-and
52 are shaped to-effect-withdrawdl near‘the-end
of "the return ‘roll. When -the “work has “been
withdrawn -¢lear of “the 'tool, “‘then “the ‘Geneva
plate #0602  (Fig. ') “is réleased, so that it may be
driven by :actuating member 391 ‘to-superimpose
through differentidl 244 (Figs. 13 -and ‘19) =an
dlgebraic motion on-the work to-index ‘the work.
When indexing is-completed, the Geneva plate’is
loéked up again,-and the “work-is ‘fed ‘back ‘into
operative rélation:with-the cutter to‘begin-a new
cydle.
many-cycles-asthere are teeth in‘the:gear:to be

cut, theautomeatic:stop 525 (Fig.6) ds tripped-and:

By -tilting ‘the

“When ‘+the machine "has ~eompléted -as.
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the machineis-stopped. The piston 367 (Pig.16)
is then actuated to move the sliding base 425 to
loading position, -and ‘the completed -gear ‘is de-
c¢hucked and removed from ‘the machine, anf g
new ‘blank is thucked ‘thereon io be:cut. -

‘The-automatic stop 525 may be-of -conventionsl
structure: It is scoured to:cam hoeusing 464 (Pig.:
6) -and-is-adapted ito be-actuated by 2 .cam-like
trip memtber 526 -‘which is secured to the back of
cam 150 snd which-operates-on:each revolution-ef
cam 150, that-is once.per:eycle, to-swing lever 621
dhout its ‘pivot gtud 528 and advance the stop
mechanism-onestep. Stud 528 threadsintohous-
ing 164. .

Asidefrom the:advantages:previously noted, the
provision.of ‘both Teed and generating trackways
in a single cam (50 simplifies:the construction-of
the-machineand-makesfor-compactness. Rever-

-sal.of‘the.generating trains is-quiet and -easywith

the cam ‘tradkway 46§8. "The :sliding ‘base 426 ‘is’

‘adjustable ito compensate forshange inheight of

the eutting *blades «due ‘o sharpening. This ad-
Jjustment may be.effected in conventional fash-
ion. ‘The ‘bar 310 ‘may be threadedly -connected
with the sliding base-425-and a graduated:digl 530
Pig. '2) ‘may be -used 4o -adjust the -efective
length -of ‘the ‘bar, thereby to -adjust the -work
toward-or from the cutter,-as regquired.

-+ “While‘thre ‘machinesillustrated is:a cutting :ma-
¢hine, ‘it -will ‘be-understood -as ‘previously stated
that the invention may be-applied -glso ‘to-ma-
chines “for -grinding ‘longitudinally -curved ‘tooth
tapered gears. Since:a'‘grinding wheel is-a-tool
having-aninfinitenumber of cutting-edges:it will
be understood-then that-when-the-terms*“cutter”
and “cutting” :are -used in the specification -and
claims they are ‘inttended ‘to ‘include “‘grinding
wheeéls” -and “grinding.” -

“In‘some-aspects, -moreover, theinvention isnot
limited ‘to ‘the -eutting -of ‘longitudinglly -curved
tooth-gears or-even to'theeutting-ofitapered-gears.
This -application is ‘ititended, therefore, to-cover

-any-variations, uses or-atdaptations:of the:inven-

tion following, ‘in :general, -the -brinc¢iples of ‘the
invention-and including ‘such departures from
the ‘present -disclosureas-come 'within known-or
customary ‘practice ‘in ‘the -gear -art -and -as may
be-applied ‘o -the essertidl features hereinhefore
set forth -and-as fall :‘within the-seope of the in-
vention or:the limits-oi'the-appended-claims.
“Having‘thus deseribed our‘invertion, what we
claim:is: :
1.7In- a~machine for generating -gears, & “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 -cam, ‘means -operable -on -rotation -of “the
cam to effectmovement of thecarrier,and-a-train
of-gearing, including ¢hangegears, for-connecting
said ‘means-with the ‘work spindle-to rotate the
work spindle in time with the movement -of ‘the"
carrier.

'2.7In .2 machine ‘for .generating gears, .o ‘ool
support, .a .work.support, .a .rotary work.spindle

5 journaled.in.the work.support, a.movable:.earrier

upon avhich .one .of .said supports.is mounted,.a
ratary-cam, a-train.of gearing for-actuating.said
carrier, -8 :second :train -of .gearing, .including
change ‘geaxs, :for rofating .the work :spindle:in
time with-thecearriersmovement,:means operable
on:rotation-of ithe:cam:for:driving:sai -trains -of

.gearing first {in one -direction and ithen :in sthe

other,zand: means for.periodically :imparting ;an

.'a.dditinn&kalgebraic:motton:to;the,bmimof;gearing
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which drives the work spindle, fo 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, s 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 longltudmally

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 gear-
ing, inecluding 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 cam, said
cam being constructed so that the rates.of work

spindle and cradle movements vary progressively.

during movement of the cradle in one direction.
6. In 5 machine for generating tapered gears,

a tool support, a work support, a work spindle

journaled in the work supporf, an oscillatory
cradle upon which one of said supports is:mount-
ed, a rotary cam 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 tlam
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 longltudmally
curved tooth tapered gears, a support, a cutter.
carrier rotatably adjustable on said support, a
cutter spindle journaled in said carrier, g 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 theresn 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 producmg long1tudmally
curved tooth tapered gears, a support, a sw1vel_'
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 adsustment
therein through an angle of 360° about an ax1s
offset from but parallel to -the cradle axis, a
swivel head mounted eccentrically in the drum’
for adjustment therein through an angle of 260°
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 Iongltudmally

curved - tooth tapered gears, a base, a “cradle’

rotatably mounted in the base and ad;ustable
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, & 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 proiiles 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, g 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 cam
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
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on gz tooth profile of the work along -the-whole:

length of the tooth.

-19. In a machine for producmg longxtudinallyf_

curyed teoth 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 eutter 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 tosaid first-named acute angle,.

the axis-about which said swivel head is adjust-

able and the axis about which said carrier is
5. adjustable intersecting the axis of said cutter.
‘ spindle in a common point; and means for rotat-.

ing said cutter spindle.

20. In a machine for prdducmg longn:udinally'

curved: tooth.tapered gears,” a support, a swivel
head adjustable angularly on said support, a

carrier adjustable anguiarly 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 actuat-
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
g rotary cam, means for driving said cam 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, & 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 cam 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-



tEtably thourited ‘on the itool support Por ad-

justment thereon about twe :sxEs Wwhich nter-
sedt iin a point that Hes in-the plane of the Hip
of ‘the .cutter, one of said supports being adjust-
able vn the base about :a fhird avis inclined o
the - outter axis. ‘

24 In s machine for wensrating gears, a $ool

SUDPPOXt, @ ‘Wwork ‘suppert, a rotary work spindle-

journaled in the work support, a mMiovable warrier

upon-which one-of swid sapports is mounted, a

rofary cam,ia train of weating for wetunting sofié
carzier, ia Wecond frain of wearlng for rotating
the work spindle sn time with the cartier move-
‘ment, @ni means ‘operable ‘on ‘retdtion of- il
cam for driving. suid ‘trains: of wearing Hrst in
otie-@irection and then in the other, one ¢f 5aid-

trams of gearing mcludmg ichange ‘QURrs. .
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