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7o all whom it may concern:

Be it known that I, Arraur L. STEWART,
of Rochester, in the county of Monroe and
State of New York, have invented certain
new and useful Improvements in Gear-Cut-
ting Machinery; and I do hereby declare
the following to be a full, cléar, and exact
description of the same, reference being had
to the accompanying drawings, forming a
part-of this specification, and to the refer-

- ence characters marked thereon.
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My invention relates to machines for cut-
ting gears and has a general application in
the art of bevel and spur gearing, although
more particularly designed and intended for
the production of generated curved tooth
gears, or gears in which each tooth is curved
longitudinally or lengthwise and is also
characterized by curved theoretically cor-
rect profiles according to the well known
generating Systems in which a relative roll-
ing or generating motion is effected between
the tool and gear blank during the cutting
operation that corresponds to the movement
that the completed gear would have with
relation to -a mating gear member. In a

more specific aspect, the invention has to do

30

with' cutting bevel pinions with generated
curved teeth and is designed to afford a
simple, successful, and commercially prac-
ticable machine for this class of work. To
these and other ends the invention consists

~-of certain improvements and combinations

35

of parts all as will be hereinafter more fully
described, the novel features being pointed
out in the claims at the end of the speci-
ficaton. o .

In the drawings:" ' .
 Figure'1 is a side elevation of a machine

40 embodying my improvements, and

Fig. 2'is a liorizontal sectional view on

the Iine 22—2* of Fig. 1 with parts in ele-

45

_vation.

Fig.3isa fl‘dgrnental'y detail of the gear-

'iné between the tool carrier and blank.

imilar reference characters throughout

- the several views: indicate the same parts.

59

- The present structure is intended_merely
as an illustrative example of carrying out

‘my invention, which may be embodied in a

variety of mechanisms, and the arrangement

- disclosed herein is- designed more particu-

Iarly for the production of generated curved
feoth’ pinjons such as form a. part of my

.malin frame

gearing system covered in application Serial
No. 182,285, filed November 20, 1916.

In the machine shown, 1 designates the
bed or base, while 2 is a stationary body or
that supports a movable frame
3, the latter having a hub or sleeve 4
mounted in a bearing in the frame 2 so as
to be movable swingingly about an axis 2—a
for effecting generation of the gear teeth as
will be more fully described presently. The
movable frame 8 has fixed thereon g plate
5 engaging the outer face of the body 2,
while 6 designates a curved guide also at-
tached to the body 2 and codperating with

- 2 corresponding extension or flange on the

movable frame 3 for properly guiding the
latter in its swinging movement. The mov-
able frame 3 has suitably fixed thereon bear-
ings 8 that serve to support the oscillatory
blank carrier which includes generally a
spindle 9 at the inner end of which is fixed
the gear blank y as usual in this class of
machinery, and an indexing sleeve 10 which
is locked to the spindle 9 during the cutting
operation and then forms a part of the blank

carrier. - The spindle 9 and sleeve 10 are un-
locked for indexing in accordance with any

of the well known methods involved in gear
cutting iachine index mechanisms, and
which I have not deemed necessary to show
or describe fully in this application, inas-
much ‘as the invention and novelty in the
present case is entirely independent of any
indexing mechanism, and for my purposes,
any conventional index mechanism may be
employed. The sleeve 10 has keyed or fixed
thereon a collar 11 to which is atiached
securely a gear member comprising a seg-
ment of a bevel gear shown at 12 which is
in fixed relation to the blank carrier and is
moved during the operation of and in
synchronism with the tool in the manner
which will now be deseribed.

The tool support is designated generally
at 13, and-'is mounted to swing about the

vertical axis or spindle 14. Arranged for.:

reciprocatory movement on the tool support
13 is a reciprocating tool carrier 15 to which
is attached the straight-sided tool or cutter
18, that is reciprocated or driven back and
forth by a crank plate 17 carried by shaft
18. The latter is provided at its outer end

with a gear 19 that is driven by gear wheel

20 which in tarn is operated by pinion 21
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on a shaft 22, as shown in Fig. 1. The
shaft 22 carries a gear 23 that is driven by

ear 24 mounted on the outel end of the
shaft 25 which is driven from the vertical
spindle 14 at the center of the machine.
Spindle 14 is driven by the main power
shaft 25, carrying a pulley 26 to which
power is applied for operating the various
parts of the apparatus. The shaft 25" also
drives a shaft 27 through bevel gears 28 and
the shaft 27 carries a worm 29 which oper-
ates the worm wheels 30 and 31, vespectively.
for controlling the generating and.tool with-
drawing mechanisms as will be more appar-
ent from the following description,

The movement.of the tool carrier 15 trans-
mits niotion to the bevel gear member 12 so
that as the tool 16 makes its cutting move-
ment the gear blank ¥ is turned on its axis
a predetermined amount, which results in
a curved slot or cut being made, and thus
the curvature of each tooth from end to
‘end is automatically determined by the tool
carrier operation, while the tool travels in a
straight path or line across the face of the
blank. The means for thus turning the
blank is form-controlled in order to permit

-avying the wmount of turning and conse-
quent degree of curvature by changing the
form, and in order to accomplish this I em-

ploy a second gear member comprising a-

segment of a bevel gear 82, which 1s mount-
ed on a support_or slide 33 carrying curved
flanges 34 which travel in the correspond-

ingly curved: guides 35 of a stationary guide -

plate 86. The shide 33 carries a voller 37
which engages in a slot 38 of the form 39,
the slot being of predetermined suitable
shape to effect the desived curvature and
angle of cut and is mounted in a reciprocat-
ing form carrier 39% The form carier 34
is connected by a link 40 to an extension 41
which is formed on the tool carrier 15. The
form 39 having the guide slot 38 consists in
the present instance of a plate secured to the
form carrier 39 by bolts as shown in Fig. 2.
From this construction, it will be seen that
as the tool carrier moves toward the center
of the machine or cone center of the gear
blank, the form 39 will be moved to the right
in Figs. 1 and 2, and through the slot 38 and
roller 87 the bevel gear member 32 is ele-
vated, causing a corresponding turning of
gear member 12 and consequent turning of
the blank % which produces a curved cut
lIongitudinally of the tooth, and during the
return stroke of the tool carvier, a reverse
movement of the parts takes place and the
blank is returned to its initial position. The
blank is thus rotated a certain amount, de-
termined by the shape of the slot in the form
39 for each forward or cutting stroke of the
tool and the form controlled means, gov-
erned by the tool carrier, oscillates the blank
¢arrier in synchronism with the reciproca-

©oherd of the pair.

1,324,476

tions of the tool carrier. The tool is ar-
ranged for travel in the line of or parailel
to the root angle of the gear blank, and in a
line with or toward the cone center of the
blank, as customary in bevel gearing, and
with this
tain any desired curve for the lengthwise
shape of the tooth, by a variation of the
form of the slot that goverhs the movenent
of the roller 37 and bevel segment 32.

At the completion of each tooth face, the
blank is automatically indexed and during

70

arrangement, it is possible to ob- -

this indexing operation it is necessary to -

withdraw the tool from engagement with
the blank. For this purpose I employ on
the tool support a roller 41* that engages a
suitable cam way 42 in the cam wheel 43,
the latter being connected to and driven by
the ;aforementioned worm wheel 80, The
shape of the cam way 42 is such as to cause
the tool support to be swung laterally about
the central axis 14 when the proper depth of

cut hax heen reached, to move it out of en-:

80

gagement with the gear blank, and after the

ndexing operation is completed, the tool
support is again moved into cutting relation
with the blank. :
As before stated. the present machine is
destgned more particularly to cut the pinion
emploved in connection with the form of
gearing disclosed in my co-pending applica-
tion referrved to, in which the teeth on the
gear are straight sided and the teeth on the
pinion are generated to give a theoretically
coitect rolling action between the two mem-

this. since the teeth of the gear ave straight
sided. it is necessary when cutting the pinion
to effect such a relative generating or rolling
motion between the tool and the pinion as
would obtain when the completed “pinion is
rolled upon the bevel gear. This involves a
relative rolling of parts upon a cone ox theo-
retical conical surface, and I accomplish
this in the present machine through rolling
of the blank and blank carriér by swinging
the movable frame 3 about the axis z—a.
The result of this is to roll the blank ¢ upon
a theoretical conical surface that would be
swept out by the line ¢—a if it were swung
bodily around the axis ¥—a. Inother words,
the blank y is rolled upon the pitch cone
surface of what would be the mating bevel
gear, an element of which is represented by
the tool, during the cutting operation of the
teetl. so as to generate upon the teeth of the
pinion curved profiles or side faces that will
mesh properly and give o continuots, regu-
Iar :m(ll smooth engagenment with the straight
sided teeth on the gear. This is accom-
plished by the tooth profile generating mech-
anism, which, in the present instance, in-
cludes a cam 44 mounted on the shaft 45
carrying the aforementioned worm wheel 31.
The cam 44 is preferably of the form shown,
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dependent upon the desired speed of gen-
erating roll, and controls the movement of
2 lever 46 which carries a voller 47 engaging
the cam 44. The lever 46 is pivoted at 48
and has adjustably connected thereto a link
49 which is pivotally mounted at its upper
end upen an extension 50 carried by the
movable frame 8. The cam wheel 44 1s ro-
tated slowly, causing a continued upward
movement of the frame 3 and of the blank
carrier about the axis z—, and-this neces-
sarily involves an additional rotation of the
gear blank about its axis, owing to the en-
gagement of bevel gear segment 12, fixed to
the blank carrier, with gear segment 32.
This serves during the cutting operation to
give to the blank a bodily movement aboué
the axis x— and a rotary movement about
its own axis, corresponding exactly to the
movement of the pitch cone surface of the
pinion being cut when rolled upon the pitch
cone surface of the mating bevel gear. This
results in tooth profiles on the pinion that
afford theoretically correct engagement with

‘the straight sided profiles of the teeth on the

gear. _

I claim as my invention:

1. A gear cutting machine for producing
longitudinally curved teeth on gears com-
prising an oscillatory blank carrier, a recip-
rocating tool carrier, .and form-controlled

“means governed by the movements of the
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tool . carrier acting to oscillate the blank
carrier in synchronism with the reciproca-
tions of the tool carrier.

9. A gear cutting machine for producing
longitudinally curved teeth on gears com-
prising an oscillatory blank carrier, a recip-
rocating tool carrier, a form operatively
connected to the blank carrier and movable
to effect oscillation thereof; and connection
between the ool carrier and the form where-
by the blank carrier is oscillated in syn-
chronism with the movements of the teool
carrier.

3. A bevel gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciproéating tool carrier supporting
a tool the cutting portion of which moves in
a line passing through the cone center of the
blank, and form-controlled means governed
by the movements of the tool carrier acting
t6 oscillate the blani carrier in synchronism
with the reciprocation of the tool carrier.

4, A beve] gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciprocating tool, the cutting por-
tion of which moves in a line passing
through the cone center of the blank car-
rier supporting a tocl, a form operatively
connected to the blank carrier and movable
o effect oscillation thereof, and connection
hetween the tool carvier and the form where-

&

by the blank carrier is oscillated in syn-

chronismn with the movements of the tool
earrier. ’ '

5. A gear cutting machine for producing
longitudinally. curved teeth on gears com-
prising an osciilatory blank carrier, a re-
ciprocating tool carrier, a gear member in
fixed relation to the blank carrier, a second
gear member in engagement with the first
gear member, a support for the latter gear
nember, and means controlled by the tool
carrier for moving the support to effect os-
cillation of the blank earrier in synchronism
with the movements of the tool carrier.

6. A bevel gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciprocating tool carrier supporting
a2 tool the cutting portion of which moves
in a line passing through the cone center of
the blank, a gear member in fixed relation to
the blank carrier, a second gear member in
engagement with the first gear member, a
support -for the second gear member, and
means controlled by the tool carrier for
moving the support to effect oscillation of
the blank carrier in synchronism with the
movements of the tool carrier.

7. A bevel gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciprocating tool carrier supporting
a tool, the cutting portion of which moves in
a line passing through the cone center of the
blank, a bevel gear meniber in fixed relation
to the blank carrier, a second bevel gear
member in engagemeént with the first named
gear member, a support for the latter gear
member, and means controlled by the tool
carrier for moving the support to effect os-
cillation of the blank carrier in synchronism
with the movements of the tool carrier. -

8. A gear cutting machine for producing
longitudinally curved teeth on gears com-
prising an escillatory blank carrier, a recip-
rocating tool carrier, form-controlled means
governed by the tool carrier acting to oscil-
Iate the blank carrier in synchronism with
the reciprocations of the tool carrier, and
tooth profile generating mechanism acting
automatically to effect a relative rolling or
generating movement. between the blank
-avrier and tool during the cutting opera-
tion.

9. A gear cutting machine for producing
longitudinally curved teeth on gears com-
prising an oscillatory blank carrier, a recip-
rocating tool carrier, a form operatively
connected to the blank carvier atel movable
to effect oscillation thereof, connection be-
tween the tool carrier and the form where-

by the blank carvier is oscillated in syn-.

chronism with the tecol carrier, and tooth
profile generating mechanism acting auto-
matically to effect a relative rolling or gen-
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* erating movement between the blank carrier

and tool during the cutting operation.

10. A bevel gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciprocating tool carrier supporting
a tool, the cutting portion of which moves

" in a line passing through the cone center of
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the blank, form-controlled means governed
by the tool carrier acting to oscillate the
blank carvier in synchronisni with the recip-
rocations of the tool carrier, and tooth pro-
file generating mechanism acting automati-
cally to effect a relative rolling or generat-
ing movement between the blank carrier and
tool during the cutting operation.

11. A bevel gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciprocating tool carrier supporting
a tool the cutting portion of which moves in
a line passing through the cone center of the
blank, a form operatively connected to the
blank carrier and movable to effect oscilla.-
tion thereof, connection between the tool
carrier and the form whereby the blank car-
vier is oscillated in synchronism with the
movements of the tool carrier, and tooth
profilegenerating mechanism acting auto-
matically to effect a relative rolling or gen-
erating movement between the blank carrier
and tool during the cutting operation.

12. A bevel gear cutting machine for pro-
ducing longitudinally curved teeth on bevel
gears comprising an oscillatory blank car-
rier, a reciprocating tool carrier supporting
a tool the cutting portion of which moves

1,324,475

in a line passing through the cone center of
the blank, a bevel gear member in fixed rela-
tion to the blank carrier, a second bevel gear

member in engagément with the first named

gear member, a support for the latter gear

member, means controlled by the tool car--

rier for moving the support to cffect oscilla-
tion of the blank carrier in synchronism
with the movements of the tool carrier, and
tooth profile generating means acting auto-
matically to effect a relative rolling or gen-
erating movement between the blank carrier
and tool during’the cutting operation.

13. A bevel gear cutting machine for pro-

40
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50

ducing longitudinally curved teeth on bevel -

gears comprising an oscillatory blank car-
rier, a reciprocafing tool carrier supporting
a tool the cutting portion of which moves
in a line passing through the cone center of
the blank, a bevel gear member fixed to the
blanl carrier, a second bevel gear member in
engagement with the first named gear mem-
ber, a support for the latter gear mem-
ber, a form controlled by the tool carrier
and operatively connected to said support
for moving it 1n accordance with the shape

55
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of the form, and effecting corresponding

oscillation of thei blank carrier in synchro-
nism with the movemehts of the tool carrier,
and tooth profile generating means acting
automatically to effect a relative. rolling or
generating movement between the - blank,

65

and tool during the cutting ofération by 70

causing the bevel gear member on the blank
carrier to have a relative rolling movement
upon the mating bevel gear member.

ARTHUR L. STEWART



