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UNITED STATES

PaTeEnT OFFICE.

FRANK E. FERRIS, OF DETROIT, MICHIGAN, ASSIGNOR TO THE LELAND &
FAULCONER MANUFACTURING COMPANY, OF SAME PLACE.

MACHINE FOR GENERATING GEAR-TEETH.

SPECIFICATION forming part of Letters Patent No. 678,385, dated July 16, 1901,
Ap‘p}icratuion filed March Zi, 1900, Serial No. 9,537, (No model.)

To all whom it may concern: :

Be it known that I, FRANK E. FERRIS, a
citizen of the United States, residing at De-
troit, county of Wayne, State of Michigan,
have invented a certain new and useful Im-
provementin Machines for Generating Gear-
Teeth; and I declare the following to be a
full, elear, and exact description of the inven-
tion, such as will enable others skilled in the
art to which it appertains to make and use
the same, reference being had to the acecom-
panying drawings, which form a part of this
speeification.

My invention has for its object a novel ma-
chine for generating gear-teeth; and it con-
sists of the structure; combination, and ar-
rangement of devices hereinafter described
and claimed, and illustrated in the drawings
submitted herewith and forming a part of
this specification, in which— 5

Figure 1 is a view in side elevation.  Fig.
2 is aviewin end elevation. - Fig. 8 is a plan
view, the gear being omitted. Fig. 4isaview
in plan of the indexing mechanism, the cover
thereof being removed. Fig. 5 is a side ele-
vation of the same. Fig. 6 is a detail view
of the rack-bar. Fig..7i8 a viéw in section

.- on theline 7 7, Fig. 4. TFig. 8 is a front ele-

30

10 is a plan view of one of the rams.

vation of one of the rams and related parts.
Fig. 9 is a side elevation of the same. Fig.
Fig. 11
is a detail view in elevation showing the op-
eration of the cutters upon the teeth of the
gear. Fig.12is aviewin section on the line
1212, Fig. 13, through the gear-spindle case.
Fig. 13 is a viewin section on the line 13 13,
Fig. 12. -~

My present invention is designed more par-

_ tieularly for cutting the teeth of gearsin soft
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steel and before the hardening of the gears,
my invention having for its purpose a ma-
chine for the accomplishment of this work in
a speedy, economical, and superior manner.

I carry out my invention as_follows: Any
suitable support or case is indicated ata. A
driving-shaft is indicated at b, provided with
a driving-pulley ¢.. The driving-shaftis pro-
vided with a pinion (indicated at d) meshing
with a gear ¢, which:in turn meshes with an
-additional gear f, upon the shaft of which is
a gear (indicated in dotted lines in Fig. 1 at

g) meshing with a gear h upon a shaft ¢, the
gear i meshing with gears j and k, the shafts
| of whieh are each provided with eccentric-
cams, (indicated in dotted linesm,) said eccen-
tric-eams each effecting the reciprocation of
a ram n. The rams are made reciprocatory
in suitable ram-guides or ram-supporting

55

cases p p, and each carries at its lower end a .

cutter-head ¢, adjustable on the correspond-
ing ram. In. each of the cutter-heads is a

“shaft », carrying at its inner end a rotary

milling-cutter s and at its outer end a driv-
ing-gear{. Each of the rams also carries an
additional shaft u, provided with a driving-

pulley v, the shaft being geared with the gear -

t, asindicated at w. The pulleysv are driven
by a belt z, as hereinafter described.

The ram guides or cases p p are sleeved
upon the shaft ¢ and are arranged to be sep-
arated or moved apart the one ram-guidefrom
the other in order to bring the cutters into

‘desired relation to the gear-teeth to be gen-

erated. Fach ram-guideis provided with an
arm 7, supporting an antifriction-roller z.

Each of the ram-guides is also provided with

an arm (indicated by the numerals 1 1) con-
nected by a spring 2, the spring holding the
two ram-guides normally together. The case
o is constructed with guideways 3 to guide
the movements of the oscillatory ram-guides.
An adjustable stop 4 is provided to limit the
inward moveinents of said gnides. Thisstop
may consist of the serew 4, engaged in a
threaded ear upon the corresponding arm 1.
When ‘the ram-guides are spread apart, the
stops are carried with the arms 1, but when
said guides are restored to normal position
the stops.or screws 4 strike against adjacent
portions of the case ¢ to limit the approach
of the ram-guides the one toward the other.
The rams n, carrying the cutter-heads g, are
made vertically adjustable in the ram-guides

60.
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p p, as. by means of an adjusting-screw 5. -

The rams may be held in any position of ad-
justment by means of a ¢orresponding lock-
nut 6. The screw 5 and lock-nut 6 upon a

95

corresponding bolt are thus for the purpose
of adjusting the relative positionsof the rams
and their operative mechanisms. :

To carry the gear to be generated; I provide
an oscillatory quadrant 7, said quadrant be-
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2

ing fulerumed upon the shaft 8, having its
bearings in the casea. The quadrant is pro-
vided with a T-slot 9, in which is a bracket
10, said bracket being provided with flanges
11, through which bolts 12 are passed, engag-
ing in the slot 9. The bracket may thus be
adjusted and held in rigid position wherever
it maybedesired in said quadrant. Engaged
in said bracket is located a longitudinally-
movable sleeve 13. Within the sleeve 13 is
a rotary spindle 14, which carries the gear 15
to be generated. The sleeve 13 earries an
index mechanism at its outer end, which will
be more fully hereinafter described.

The quadrant 7 may be actuated in any
suitable manner. As shown, the driving-
shaft b is provided with a worm (indicated at
16 and shown indotted linesin Fig. 1) meshing
with a gear 17 upon the shaft 18, said shaft
provided with a eam 19. I prefer that the
cam should be provided with a series of steps
on its periphery; but I do not limit myself
solely thereto. The quadrant is provided
with an arm 20, provided with a friction-roller
21, the construction and arrangement being
such that as said roller rotates upon the pe-
riphery of the cam the quadrant is moved
correspondingly to carry the gear to be gen-
erated against the cutters. The quadrant
also supports an arm 22, carrying a former 23
at its npper end, arranged to be projected be-
tween the rollers z z, upon the arms ¢ v, to
spread or separate the ram-guides p p. The
quadrant 7 is made oscillatory in the quad-
rant-guide 21, attached to the bed or sup-
port a.

To rotate the spindle 14 and to give it a

step-by-step movement, the sleeve 13 is pro-
vided with an integral hub 25, upon which is
mounted an arm 26, provided with a segment-
gear 27, meshing with a rack-bar 28. The
arm 26 and gear 27 are preferably made in-
tegral and rotate upon the hub extending
from the end of said sleeve 13. TUpon the
quadrant-guide 24 is a bracket 29, made ad-
justable in a T-shaped slot 30 in the quad-
rant-guide and held in a given position by
means of bolts 31.  Carried by the bracket 29
is a roll 32, bearing against the rear end of
the rack-bar 28, the outer end of the rack-bar
being constructed with an inclined face, as
indicated at 33, to contact with the roll 32.
As the quadrant returns to normal position,
said roll 32, striking the inclined face of the
rack-bar, will throw the segmental gear 27
and its arm correspondingly to bring another
tooth of the gear to be generated into position.

The spindle 14 is provided with a flanged
hub 34, upon which is engaged an index-
plate 35, as by bolts 36. These index-plates
are made interchangeable, so as to correspond
with the number of teeth to be generated in
a given gear.

The sleeve 13 is provided with an arm 37,
preferably made integral therewith and non-
rotatable, carrying a plunger 38, arranged to
engage in the notches 39 of the index-plate.

678,385

The plunger is actuated by a cam 40, carried
by the arm 26, and by a retracting-spring 41.
The plunger is provided with a roll 42, bear-
ing against the edge.of the cam 40.

It will be seen by reference to Fig. 4 that
when the quadrant moves downward the cam
40, carried by the arm 26, will move upward,
withdrawing the plnnger 38 from the index-
plate. Upon the opposite movement the
spring 41 will restore the plunger to position
to engage the index-plate. The nameral 43
indicates a pawl to engage the index-plate.
A spring 44 normally holds the pawl in en-
gagement with the plate, the pawl being car-
ried by the arm 26, and in the downward
movement of said arm the pawl will obviously
ride out of engagement with the index-plate.

To bring the work into position for the cut-
ters, the sleeve 13 is provided with rack-
teeth, (indicated at 45, Fig. 13,) with which
engages a gear 46 upon a spindle 47, operated
by a hand-wheel 48. * To prevent the sleeve
13 rotating in the bracket 10, said bracket is
provided with an arm 49, through which a
pin or stud 50 is passed to engage the arm 37,
which is formed integral with the sleeve 13,
as above described. To lock the sleeve 13 in
any given position to which it may be ad-
justed relative to the bracket 10, said bracket
is provided with ears 51, through which is
passed a clamping-bolt 52. A hand-wheel 53
may be employed to clamp the gear to be
generated upon its spindle. The index mech-
anism and related parts may bé inclosed in
a suitable case, (indicated at 54.)

The pulleys v may be driven by a single
belt z in any suitable manner, said belt being
shown engaging over various idlers and run-
ning to a counter-shaft. The spindles of the
cutters s are adjusted in the corresponding
cuatter-head in any suitable manner.

It is obviouns that when a gear has been gen-
erated the sleeve 13, carrying the spindle 14,
may be moved longitudinally to carry the
gear away from the cutters. When a new
gear has been put upon the spindle ready to
be generated, the sleeve 13 is moved back
into position, a micrometer stop-screw (indi-
cated at 55) being carried by the bracket 10,
against which the sleeve 13 strikes to limit
itsinward movement. The micrometer-screw
55 is locked by a screw 56.

The operation of the device is as follows:
A gear to be generated having been located
properly upon its spindle and brought into
position,the cuttersare then patinto rotation.
At the same time the main driving-shaft D,
through the train of gears described, recipro-
cates the rams carrying the cutter-heads,
causing the cutters to travel along the length
of the face of the teeth to be generated. Simul-
taneously with this operation the quadrant
is moved by the mechanism hereinbefore de-
seribed, advancing the gear between the cut-
ters, The former 23 at the same time is
moved forward between the rolls z z to sepa-
rate the upper ends of the ram-guides, there-
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by giving the proper taper to the tooth being
generated. This operation -also gives the
proper contour or curvature to the tooth be-
ing generated. The extreme throw of the
cam 17 is then under the roll 21 and the tooth
has been formed to its full depth. The cam
17 continuing to move allows the quadrant 7
to return by its own gravity to the position
shown in Fig. 1, and the distance that the
quadrant returns is more than sufficient to
retract the gear from the cutters. While the
gearisremoved beyond the cutters, the gearis
indexed, bringing the next tooth into opera-
tive position, and on the first forward step of
the cam the indexing mechanism is locked
and the cutters begin to operate upon the
tooth when the point 66 of the cam isunderthe
roll 21. 'These operations are continued un-
til the gear has been completed. The cutter-
heads are set at an angle, 8o as to give proper
clearance to the inner faces of the cutters,
the cutters being constructed to cut at their
adjacent peripheral corners or edges. The
axis of the shaft npon which the ram-guides
swing and the axis of the gear-spindle lie in
the same plane. As shown, they are in the
same vertical plane and their axes intersect,
said plane being parallel to the face of the
quadrant. So,also, the axis of the quadrant-
shaft and the axis of the ram-guides are in
the same plane and intersect the plane that
is parallel to the face of the quadrant.
also, the axis of the gear-spindle intersects
the axis of the quadrant-shaft and the axis
of the shaft upon which the ram-guides oscil-
late intersect the axis of the quadrant-shaft.
The quadrant is graduated, as shown more
particularly in Fig. 8 at 57, while the bracket
10 is provided with a vernier 58, so as to give
the readings in degrees and minutes in order
to get the proper angle. of the gear. While
the eam 19 carries the quadrant upward,
the reverse movement is caused by its own
gravity. '
It will be understood that the teeth must
be centered correctly relative to the cutters,

which may be done in any desired manner.’

Tt will be seen that when the two ram-guides
are closed normally together the plane be-
tween them will centrally intersect the shaft
upon-which they are mounted, also the gear-
spindle, and also the central line of the tooth
of the gear that is beéing generated. Said

. plane between the closed ram - guides also
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centrally intersect the former. Inasmuch as
both sides of the teeth are shaped simultane-
ously, it is obvious that the machine is of su-

perior capacity as well as of superior utility, -

inasmuch as thereis not only a saving of time
in generating the teeth, but also in the opera-
tion of the index mechanism. -
The horizontal cone lines of the machin
are indicated by single arrow-heads, the ver-
tical lines by double arrow-heads; dnd the
cone line passing through the spindle carry-

ing the gear to be generated is-indicated by a-

triple arrow-head.

So,"

3

The numerals 57 and 58 indicate belt-shift-
ing hand-levers, the two shafts 59 and 60, ac-
tuated thereby, extending upward to the
counter-shaft (not shown) to operate the belt-
shifter mechanism, which may be of any de-
sired eonstruction. When there has been a
completerevolution,the belt-shifting mechan-
ism is released by a rack-bar 61 and pawl 62,
which trips a latch 63. This pawlisactuated
by the arm 64 and bar 65. '

In Figs. 1 and 9 a scale is shown, there be-
ing a zero-line on the ram. A scale being on
the ram-guide, readings are taken, thereby
showing the distance from the center of the
cutter-spindle to the axis of the quadrant
pivot-shaft.

What I claim as my invention is—

1. In a machine for generating gear-teeth,
means to carry a gear to be generated, and
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two rotatable cutters arranged af an angle to -

an intermediate plane passing through the
cone center of the gear, whereby said cutters
will cut at their adjacent péripheral edges or
corners, means to reciproeate said eutters in
operation to shape both sides of a gear-tooth

simultaneously, and a former to guide the "
movement of the cutters to give the desired

contounr of the tooth. o

2. In a machine for generating gear-teeth,
an oscillatory quadrant, means to carrya gear
to be generated carried upon said quadrant,
and rotatable cutters arranged to act simul-
taneously upon the two opposite faces of a
tooth to be generated at an angle to an inter-
mediate plane passing through the cone cen-
ter of the gear, whereby said cutters will cut
at their adjacent peripheral edges or corners,
means to reciprocate said cutters in opera-
tion, and a former carried by said quadrant
to guide the movement of the cutters to give
the desired contour to the tooth.

8. In a machine for generating gear-teeth,
means to carry a gear to be generated, rota-
table cutters reciprocatory in operation ar-
ranged to act simultaneously upon the two
faces of a given tooth to be generated, means
to spread the centers of said cutters apart
while in operation, said cutters arranged at
an‘angle to an intermediate plane passing
through the cone center of the gear whereby
said cutters will eut at their adjacent periph-
-eral edges or corners.

4. In a machine for generating gear-teeth,
means to carry a gear to be generated, and
two rotatable milling-cutters arranged to act
simultaneously apon the two faces of a given
tooth to be geénerated, means to give a recip-
rocatory movement to said cutters in opera-
tion upon said faces, and means to guide the
movement of the cutters to give the desired
ottline to the tooth, said cutters arranged at
an angle to an intermediate plane passing
through the eone center of the gear whereby
sald cutters will cut at their adjacent périph-

“eral edges or corners.
5. In a machine for generating gear-teeth,:

means to carry a gear to be generated, two ro-
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tatable cutters acting simultaneously upon
opposite faces of a tooth to be generated,
means to cause the cutters to reciprocate
while in operation along the faces of the tooth
to be generated, means to spread said cutters
apart the one from the other, and a former
to guide the movement of the cutters to give
the desired outline to the tooth, said cutters
arranged at an angle toan intermediate plane
passing through the cone center of the gear,
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

6. In a machine for generating gear-teeth,
means to carry a gear to be generated, rota-
table cutters reciprocatory in operation ar-
ranged to act simultaneously upon the oppo-
site faces of a given tooth of the gear, aformer
to guide the movement of the cutters to give
the desired outline to the tooth, and means
to advance the gear between the cutters.

7. In a machine for generating gear-teeth,
means to carry a gear, cutters reciprocatory
in operation arranged to act simultaneously
upon the two faces of a given tooth of the
gear, a former, and means to advance the

- former to separate said cutters, said cutters
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arranged atan angle to an intermediate plane
passing through the cone center of the gear
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

8. In a machine for generating gear-teeth,
means to carry a gear to be generated, and
two rotatable cutters reciprocatory in opera-
tion arranged to act simultaneously upon the
two faces of a given tooth of the gear, said
cutters arranged at an angle to an interme-
diate plane passing through the cone center
of the gear whereby said cutters will cuf at
their adjacent peripheral edges or corners,
and a former to guide the movement of the
cutters to give the desired contour to the
tooth. ,

9. In a machine for generating gear-teeth,
means to carry a gear to be generated, two ro-
tatable cutters reciprocatory in operation to
shape both sides of a tooth simultaneously,
said cutters arranged at an angle to an inter-
mediate plane passing through the cone cen-
ter of the gear whereby said cutters will cut
at their adjacent peripheral edges or corners,
and a former to guide the movement of the
cutters to givethe desired outline to the tooth,
and means to index said gear.

10. In a machine for generating gear-teeth,
means to carry a gear to be generated, rotata-
bie cuttersreciprocatory in operation to shape
both sides of a tooth of a gearsimultaneously,
said cutters arranged at an angle toan inter-
mediate plane passing through the cone cen-
ter of the gear, whereby said cutters will cnt
at their adjacent peripheral edges or corners,
a former to guide the movement of the cut-
ters to give the desired outline to the tooth,
and means to give a step-by-step movement
to said gear.

11. In a machine for generating gear-teeth,
means to carry a gear to be generated, two re-

678,385

ciprocatory rams, a cutter-head provided with
a rotatable cutter reciprocatory in operation
carried by each of said rams, whereby the cut-
ters may act simultaneously upon opposite
sides of a given gear-tooth, said cutters ar-
ranged at an angle to an intermediate plane
passing through the cone center of the gear
whereby said cutters will cut at their adjacent
peripheral edges or corners, and a former to
guide the movement of the cutters to give the
desired contour to the tooth.

12. In a machine for generating gear-teeth,
means to carry a gear to be generated, two re-
ciprocatory rams, rotatable cutters reciproca-
tory in operation carried by said rams, means
to separate said rams in the operation of the
cutters, and means to restore said rams to nor-
mal position, said cutters arranged at an an-
gle to an intermediate plane passing through
the cone center of the gear, whereby said
cutters will cut at their adjacent peripheral
edges or corners.

13. In a machine for generating gear-teeth,
means to earry a gear to be generated, two re-
ciproeatory rams, means to oscillate said
rams, a cutter-head provided with a rotatable
cutter reciprocatory in operation carried by
each of said rams, said cutters arranged at
an angle to an intermediate plane passing
through the cone center of the gear whereby
said cutters will cut at their adjacent periph-
eral edges or corners, and a former to guide
the movement of the cutters to give the de-
sired contour to the tooth.

14, In a machine for generating gear-teeth,
means to carry a gear to be generated, two re-
ciprocatory rams, an oscillatory ram-guide to
carry each of said rams, a rotatable cutter re-
ciprocatory in operation carried by each of
said rams, said cutters arranged at an angle
to an intermediate plane passing throughthe
cone center of the gear, whereby said cutters
will ecut at their adjacent peripheral edges or
corners, and means to guide the movement of
the cutters to give the desired contour to the
tooth.

15. In a machine for generating gear-teeth,
means to earry a gear to be generated, driv-
ing mechanism provided with a shaft, oseil-
latory ram-gunides mounted upon said shaft,
a reciprocatory ram carried by each of said
guides, and a cutter reciprocatory in opera-
tion carried by each of saild rams, said cut-
ters arranged at an angle to an intermediate
plane passing through the cone center of the
gear whereby said cutters will cut at their
adjacent peripheral edges or corners.

16. In a machine for generating gear-teeth,
means to carry a gear to be generated, twore-
ciprocatory rams, a rotatable cutter-head pro-
vided with a cutter reciprocatory in operation
carried by each of said rams, means to drive
said cutters, and a former to guide the move-
ment of the cutters to give the desired con-
tour to the tooth. _

17. In a machine for generating gear-teeth,
means to carry a gear to be generated, two re-
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ciprocatory rams, arotatable cutter-head pro-
vided with a cutterreciprocatoryin operation
carried by each of said rams, a shaft carried
by each of said rams to drive the correspond-
ing cutter, and a former to guide the move-
ment of the cutters to give Lne desired con-
tour to the tooth.

18. In a machine for generating gear-teeth,
means to carry agear to be generated, a shaft,
ram-guides having an oscillatory engagement
upon said shaft, reciprocatory rams engaged
in said ram-guides, means to reciprocate said
rams, rotatable cutters reciprocatory in oper-
ation carried by said rams, and a former to
guide the movement of the cutters to give the
desired contour to the tooth.

19. In a machine for generating gear-teeth,
means to carry a gear tobe generated, two
rams each provided with a rotatable cutter
reciprocatory in operation, rotatable cams to
reciprocate said rams, and means to move
said rams the one from the other, said cut-
ters arranged at an angle to an intermediate
plane passing through the cone center of the

gear whereby said cutters will cut at their-

adjacent peripheral edges or corners.

20. Inamachine for generating gear-teeth,
means to carry a gear to be generated, two
oscillatory rams each provided with a rotata-
ble cutter reciprocatory in operation, means
to limit the oscillation of said rams, and a
former to guide the movement of the eutters
to give the desired contour to the tooth, said
cutters arranged at an angle to an interme-
diate plane passing through the cone center
of the gear whereby said cutters will cut at
their adjacent peripheral edges or corners.

21. Inamachine for generating gear-teeth,
means to earry a gear to be generated, rota-
table cutters reciprocatory in operation ar-
ranged to act simultaneously upon the two
faces of a given gear-tooth, means to oscillate
said cutters, meauns tolimit the oscillation of
said cutters, and a former to guide the move-
ment of the cutters to give the desired contour
to the tooth, said cutters arranged at an angle
toan intermediate plane passing through the
cone-center of the gear whereby said cutters
will cut at their adjacent peripheral edges or
corners.

22. In amachine for generating gear-teeth
means to carry a gear to be generated, twore-

_ ciprocatory rams each provided with a cutter-

55

6o

65

head, a shaft in each of said cutter-heads pro-
vided with a- rotatable cufter reciprocatory
in operation, and a former to guide the move-
ment of the cutters to give the desired con-
toar to the tooth, said-heads each provided
with an additional rotatable shaft to drive
the corresponding cutter.

23. In a machine for generating gear-teeth,
means to earry a gear to be generated, rota-
table cutters arranged to act simultaneously
upon the opposite faces of a given gear-tooth
to be generated, means to oscillate said cut-
ters in opemhon in opposite directions, and
means to advance the gear to the work, said

S

cubters arranged at an angle to an interme-
diate plane passing through the cone ceunter
of the gear whereby said cutters will cut at
their adjacent peripheral edges or corners.

24. In amachine for generating gear-teeth,
means to carry a gear to be generated, two
oscillatory rawn-guides, a ram provided with
a cutter reciprocatory in operation carried by
each of said guides, an arm provided with a
roller carried by each of said guides, a former,
means to advance the former between said
rollers, and meanstorestoresaid gnides to nor-
mal position, said cuttersarranged atan angle
to an intermediate plane passing through the
cone center of the gear whereby said cutters
will cut at their adjacent peripheral edges or
corners.

25. Ina machine for wenemtmg gear-teeth,
means to carry a gear to be generated, a case
or bed provided with wmdeways, tWo ram-
gunides oscillatory in said guideways, and a
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ram provided with a rotatable cutter recipro- -

catory in operation carried by each of said
ram-guides, and a former to guide the move-
ment of the cuttersto give the desired contour
to the tooth, said cutters arranged at an angle
to an intermediate plane passing through the
cone center of the gear whereby said cutters
will cut at their adjacent penpneral edges or
corners.

26, Tn a machine for generating gear-teeth,
means to carry a gear to be generated, a case
or bed provided with guideways, two ram-
guides reciprocatory in said gunideways, a ramn
provided with arotatable cutter reciprocatory

in operation carried by each of said ram-

guides, means to limit the inward movement

of said ram-guides, and a former to gunide the

movement of the cutters to give the desired
contour to the tooth, said cutters arranged at
an angle to an intermediate plane passing
through the cone center of the gear whereby
said cutters will cut at their adgacent periph-
eral edges or corners.

27. In amachine for generating geal-teeth,
means to carry a gear to be generated, two 0s-
cillatory ram-guides, rams vertically adjust-
able in said guides, a rotatable cutter recip-
rocatory in operation carried by each of said
guides,and a former to guide the movement
of the cutters to give the desired contour to
the tooth, said eutters arranged at an angle
to an intermediate plane passing through the
cone center of the gear whereby said cutters
will cut at their adjacent peripheral edges or
corners.

28. In a machine for generating gear-teeth,
means to carry a gear to be generated, two
oscillatory ram-guides, a reciprocatory ram
provided with a cutter reciprocatory in op-
eration carried by each of said guides, and
a former, means to advance the former to sep-
arate said guides, the plane between the ram-
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guides in closed position centrally intersect- -

ingthe former, said cutters arranged atanan-
gle to an intermediate plane passing through

the cone center of the gear whereby said cut-



I0

5

20

25

30

35

40

45

50

559

6o

65

3

terswillcut at their adjacent perlpheml edges
or corners,

29. Ina machine for generating gear-teeth,
an oscillatory quadrant and its shaft, means
carried bysaid quadrant to carry a gear to be
generated, oscillatory ram-guides, rotatable
cutters reciprocatory in operation carried by
said ram-guides arranged to act simultane-
ously upon the two faces of a given gear-tooth,
a former to guide the movement of the cutters
to give the desired contour to the tooth, and
adjustable deviees to carry the gear toward
and from the intersection of the quadrant-
shaft and the axis of the ram-guides.

30. In a machine for generating gear-teeth,
anoscillatory quadrant,means carried by said
quadrant to carry a gear to be generated, ro-
tatable cutters reelpzoeatory in operatlon to
act simultaneously on opposite faces of a
gear-tooth, and a former to guide the move-
mentof the cutters to give the desired contour
to the tooth, said cutters arranged at an angle
to an intermediate plane passing through the
cone center of the gear whereby said cutters
will eut at their adjacent peripheral edges or
corners.

31. Ina machine for generating gear-teeth,
a support provided with a guideway, a quad—

rant having an oscillatory movement in said

guideway, means engaged with said quadrant
to carry a gear to be genemted, means to ac-
tuate the quadrant, rotatable cutters recip-
rocatory in operation to aet simultaneously
on opposite faces of a gear-tooth, and a former
to guide the movement of the cutters to give
the desired contour to the tooth, said eutters
arranged at an angle toan 1ntermedlate plane
passing through the cone center of the gear
whereby said cutters will cut at their ad,]a-
cent peripheral edges or corners.

32. Ina maehme for generating gear-teeth,
an oscillatory quadrant a bracket adj ustably
engaged with said quadrant, a sleeve in said
bracket, a spindle to carry a gear to be gen-
erated located in said sleeve, means to give
a step-by-step rotary movement to the gear-
spindle, means to move the gear- spmdle lon-
gitudinally, rotatable cutters reciprocatory
in operation to act simultaneously on oppo-
site faces of a gear-tooth, and a former to
guide the movemenb of the cutters to give
the desired contour to the tooth, said cutters
arranged atan angle to an mtermedlate plane
passing through the cone center of the gear
whercby said euttels will cut at their ad,]a-
cent penpheral edges or corners.

33. Ina maehme for generating gear-teeth,
an oscillatory q uadrant a bracket adJ ustably
engaged with said quddxant a sleeve in said
bracket a spmdle to carry a gear to be gen-
erated located in said sleeve, means to give a
rotary step-by-step movement to the gear-
spindle, means to move the gear-spindle lon-
gitudinally, a micrometer stop screw carried
by said bracket to limit the inward movement
of the spindle, rotatable cutters reciprocatory
in operation to act simultaneously on oppo-
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site faces of a gear-tooth, and a former to
guide the movement of the cutters to give the
desired contour to the tooth, said cutters ar-
ranged at an angle to an intermediate plane
passing throngh the cone center of the gear
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

34. In a machine for generating gear-teeth,
an oscillatory quadrant, mechanism engaged
with said quadrant to carry a gear to be gen-
erated, cutters reciprocatory in operation to
act simultaneously upon the two faces of a
given gear-tooth, and means to separate said
cutters carried by said quadrant, said cutters
arranged atan angle to an intermediate plane
passing through the cone center of the gear
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

35. In-amachine for generating gear-teeth,
an oscillatory quadrant, means engaged Wlth
said quadrant to carry a gear to be generated,
rotatable cutters reciprocatoryin operation to
act simultaneously npon opposite faces of a
given gear-tooth, means to carry the gear
away from the cutters, and a former to guide
the movement of the cutters to give the de-
sired contour to the tooth, said cutters ar-
ranged at an angle to an intermediate plane
passing through the cone center of the gear
whereby said cutfers will ent at their adja-
cent peripheral edges or corners.

36. In a machine forgenerating gear-teeth,
an oscillatory quadrant, means connected
therewith to earry a gear to be generated, two
rotatable cuttersreciprocatory in operation to
generate the teeth upon said gear, means to
adjust the oscillation of the quadrant to ad-
just the depth of the cut of the gears, and a
former to guide the movement of the cutters
to give the desired contour to the tooth, said
cutters arranged at an angle to an intermedi-
ate plane passing through the cone center of
the gear whereby said cutters will cut at their
adjacent peripheral edges or corners.

37. In a machine for generating gear-teeth,
an oscillatory quadrant, means engaged with
said quadrant to carry a gear to be generated,
anarmadjustably engaged with the quadrant,
means acting upon said arm to actuate the
quadrant, rotatable cutters reciprocatory in
operation to act simultaneously on opposite
faces of a gear-tooth, and a former to guide
the movement of the eutters to give the de-
sired contour to the tooth, said cutters ar-
ranged at an angle to an intermediate plane
passing through the cone center of the gear
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

38. In a machine for generating gear-teeth,
a support or bed, an osecillatory quadrant ful-
crumed upon said bed, a bracket adjustable
upon said quadrant, means connected with
said bracket to carry a gear to be generated,
rotatable cutters reciprocatory in operation
to act simultaneously on opposite faces of a
gear-tooth, and a former to guide the move-
ment of the cutters to give the desired con-
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tour to the tooth, said support or bed pro-
vided with a guideway for said quadrant.

39. Ina machine for generating gear-teeth,
the combination with a support or bed, a driv-
ing-shaft, a worm upon said shaft, an oscilla-
tory quadrant, mechanism driven by said
worm to drivé said quadrant, rotatable eut-
ters reciprocatory in operation to act simul-
taneously upon opposite faces of a gear-tooth,
and a former to guide the movement of the
cutters to give the desired contour to the
tooth, said cutters arranged at amangle to an
intermediate plane passing through the cone
center of the gear whereby said cutters will
cut at their adjacent peripheral edges or cor-
ners. -

40. Ina machine forgenerating gear-teeth,
the combination with a support or bed, of an
oscillatory quadrant, a bracket adjustable
upon said quadrant, a longitudinally-mov-
able sleeve in said bracket, a rotatable spin-
dle within said sleeve to carry a gear Lo be
generated, index mechanism carried by said
sleeve, rotatable cutters reciprocatory in op-
eration to act simultaneously on opposite
faces of a gear-tooth, and a former to guide
the movement of the cutters to give the de-
sired contour to the tooth, said cutters ar-
ranged at an angle to an intermediate plane
passing through the cone center of the gear
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

41. Inamachine for generating gear-teeth,
the combination with a support or bed, of eut-
ters reciprocatory in operation, a quadrant, a
bracket adjustable upon the quadrant, a lon-
gitudinally-movable sleeve in said bracket, a
spindle within said sleeve, means to give to
said spindle a step-by-step rotation, a hub
upon said sleeve, an arm engaged upon said
hub provided with a segment-gear, a rack-bar
meshing with said segment-gear, a guide for
said quadrant, a bracket adjustable upon said
quadrant-guide, and a roller carried by said

bracket, said rack-barhaving an inclined face

at its outer end adjacent to said roller.

42. In amachine for generating gear-teeth,
the combination with a support or bed, of cut-
ters reciprocatory in operation, an oscillatory
guadrant, a bracket adjustable upon said
quadrant, a longitudinally-movable sleeve
engaged in said bracket, a rotatable spindle
in said sleeve, an arm 26 engaged upon said
sleeve provided with a segmental gear, a rack-
bar meshing with said segmental gear, means
to actuate said rack-bar, an index-plate en-
gaged with said spindle, an arm 37 connected
with said sleeve and carrying a plunger to en-
gage the index-plate, acam carried by the arm
26 to actuate  the plunger, and means to re-
tract said plunger.

43. Inamachine for generating gear-teeth,
the combination with a support or bed, of cut-
ters reciprocatory in operation, an oscillatory
quadrant, a bracket adjustable upon said
quadrant,a longitudinally-movable sleeve en-
gaged in said bracket, a rotatable spindle in

e

said sleeve, an arm 26 engaged upon said
sleeve provided with a segmental gear, a rack-
bar meshing with said segmental gear, means
to actnate said rack-bar; an index-plate en-
gaged with said spindle, an arm 37 connected
with said sleeveand carryinga plunger to en-
gage the index-plate, a cam carried by the
arm 26 to actuate the plunger, means to re-
tract said plunger, and a pawl carried by the
arm 26 to rotate the index-plate.

44. In a machinefor generating gear-teeth,
the combination with a support or bed, of ro-
tatable cutters reciprocatory in operation, an
oscillatory quadrant, a bracket adjustable
upon said quadrant, a longitudinally-mov-
able sleeve in said bracket, a rotatable spin-
dle in said sleeve, said sleeve provided with
rack - teeth, a gear meshing with the rack-
teeth, a hand-wheel to actuate said gear, and
a former to guide the movement of the cut-
ters to give the desired contour to the tooth.

45. In a machine for generating teeth, the
combination with a support or bed, of cutters
reciprocatory in operation, an oscillatory
quadrant and abracket adjustable upon said
quadrant, a longitudinally-movable sleeve in
sald bracket,a rotatable spindlein said sleeve,
said bracket provided with an arm 49, an arm
37 carried by said sleeve, an index-plate ear-
ried by the spindle, a plunger carried by the
arm 37, and means engaging the arm 49 with
the arm 37 to prevent the sleeve from rotat-
ing in the bracket. '

46. Ina machinefor generating gear-teeth,
the combination with a support, of rotatable
cutters reciprocatoryin operation, a former to
guide the movement of the eutters to give the
desired contour to the tooth, an oscillatory
quadrant, a bracket adjustable upon said
quadrant, a longitudinally-movablesleevein
said bracket,a rotatable spindle in said sleeve
to carry a.gear to be generated, means to ef-
fect the longitudinal movement of said sleeve,
and means to lock the sleeve in a given po-
sition of adjustment.

47. In a machine for generating gear-teeth,
a support or bed provided with a shaft, os-
cillatory ram-guides engaged upon said shaft,
an oscillatory quadrant upon said support
or bed, a gear-spindle to carry a gear to be
generated engaged upon said quadrant, and
means to actuate said spindle,cutters recipro-
catory in operation to act simultaneously on
opposite faces of a gear-tooth, the axis of the
shaft upon which the ram-guides swing, and
the axis of the gear-spindle lying in the same
plane, said plane being parallel to the face
of the quadrant, said cutters arranged at an
angle to an intermediate 7plane passing
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saidscutters will cutattheir adjacent periph-
eral edges or corners, = i e
48. Ina machinefor generating gear-teeth,
the eombination with a support or bed, of os-
cillatory ram-guides, a shaft carrying said
guides, an oscillatory quadrant fulerumed
upon said support or bed, cutters reciproca-
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toryin operation toactsimultaneously on op-
posite faces of a gear-tooth, the axis of the
quadrant-shaft being: perpendieular to a
plane parallel:to ‘the face .of the quadrant
and in-the same horizontal plane as the axis
of the shaft on which the ram-guides oscil-
late, said cutters arranged at-an -angle to an
intermediate plane passing through the:cone
center of the gear whereby said cutters will
cut at their- adjacent peripheral-edges or
corners.

49. In awmachine for generating gear-teeth,
the combination with:a supportor bed, of 0s-
cillatory ram-guides, a shaft upon which said
guides oseillate, an ‘oscillatory quadrant, a
shaft upon said bed upon which said quan-
rant oscillates, a spindle to earry a gear to
be generated upon said quadrant, cuttersre-
ciprocatory in operation to act simultane-
ously on-opposite faces of a :gear-tooth, the
axis of the gear-spindle intersecting the axis
of the quadrant-shaft, and the axis of the
shaft upon which the ram-guides oseillate in-
tersecting ~the: axis of the quadrant-shaft,
said cutters arranged at an angleto aninter-
mediate plane passing through the cone cen-
ter of the gear whereby said eutters will cut
at theiradjacent peripheral edgesor corners.

50. Inamachineforgenerating gear-teeth,
means to carry a gear to be generated, rota-
table cutters arranged to act upon both faces
of a given tooth :to be generated; means:to
reciprocate said euttersinoperation,meansto
advance the gear to the cutters inoperation,
and a former to guide the movement of the
cutters to give the desired contour to the
tooth, said cutters arranged at an angle to
an intermediate plane passing through the
coune center of the gear whereby said cutters
will cut at theiradjacent peripheral edges or
corners.

51. Ina machine for generating gear-teeth,
means to carry a gear to be generated, ran-
guides, reciprocatory rams carried by said
guides, a cutter-head provided with a rota-
table cutter carried by each of said rams,
means to oscillate said ram-guides, and a
former to guide the movement of the cutters
to give the desired contour to the tooth, said
cutters arranged at an angle to an interme-
diate plane passing through the cone center
of the gear whereby said cutters will cut at
their adjacent peripheral edges or corners.

52. Ina machine for generating gear-teeth,
an oscillatory quadrant, means carried by
the quadrant to earry a gear to be generated,
anoscillatory ram-guide, a reciprocatory ram
in said guide, a rotatable cutter carried by
said guide, and a former to actuate the ram-
guide to guide the.movement of the cutter
to give the desired contour to the surface of
the tooth, said cutter arranged at an angle
to an intermediate plane passing through
the cone center of the gear whereby said
cutter will cut at its adjacent peripheral edge
or corner. )

53. In a machine for generating gear-teeth,

678,385

means to generate a gear to be generated, an
oscillatory ram-gunide, a reciprocatory ram in
said guide, a.rotatable cutter carried bysaid
ram, means to move said ram in one direetion
in the operation of the cutter; means to re-
storesaid ram tonormal positionand to guide
the movement of the cutter to give the de-
sired: contour to the surface of the tooth,said
cutter arranged at-an angle to an intermedi-
ate plane passing through the cone center of
the gear whereby said cutter will eut at its
adjacent peripheral edge or corner.

54. Inamachine for.generating gear-teeth,
an oseillatory quadrant, means carried by said
quadrant to carry a gear to be generated, an
oscillatory ram-guide; a- reciprocatory ram
carried by said quadrant, a rotatable cutter
carried bysaid ram, means to guide the move-
ment of the eutter to give the desired-contour
to the surface of the tooth, said cutter ar-
ranged at-an angle to an interniediate plane
passing through the cone center of the gear
whereby said cutter will eut at its adjacent
peripheral edge or corner.

55. In:a machine for generating gear-teeth,
an oscillatory quadrant, means carried by said
quadrant to carry a gear to be generated,
driving mechanism provided with ashaft,an
oscillatory ram - guide mounted upon said
shaft, a reciprocatory ram. carried by said
guide; a rotatable cutter carried by said ram,
and means toguide the movement of the cut-
ter to.give the desired contour to the surface
of the tooth, said cutter arranged at an angle
toan intermediate plane passing through the
cone center of the gear whereby said :eutter
will cut-at its adjacent peripheral edge or
corner.

56. In a machine for generating gear-teeth,
an oscillatory quadrant, means earried by said
quadrant to carry a gear to be generated, an
oscillatory and reciprocatory ram, a cutter-
head earried by said ram provided with a ro-
tatable cutter reciprocatory in operation, a
shaft carried by the cutter-head to drive said
cutter, and a former to guide the movement
of the cutter to give the desired contour to
the tooth, said cutter arranged at an angle to
an intermediate plane passing through the
cone center of the gear whereby said cutter
will cut at its adjacent peripheral edge or
corner.

57. Inamachine for generating gear-teeth,
means to earry a gear to be generated, reeip-
rocatory rams provided with rotatable cut-
ters, a rotatable cam to reciprocate said rams,
means to oscillate said rams, and a former to
guide the movement of the cutters to give the
desired contour to the tooth, said cutters ar-
ranged at an angle to an intermediate plane
passing through the cone center of the gear
whereby said cutters will cut at their adja-
cent peripheral edges or corners.

58. In a machinefor generating gear-teeth,
means to carry a gear to be generated, oscil-
latory ram -guides, reciprocatory rams pro-
vided with rotatable cutters catrried by said
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guides, an arm provided with a roller carried
by each of said guides, a former to guide the
movement of the cutter to give the desired
contour to the surface of the tooth, means to
advance the former between said rollers, and
means to restore said guides to normal posi-
tion, said cutters arranged at an angle to an
intermediate plane passing through the cone
center of the gear whereby said cutters will
cut at their adjacént peripheral edges or cor-
ners.

59. Inamachine for generating gear-teeth,
means to carry a gear to be generated, acase
or bed provided with a guideway, ram-guides
oscillatory in said guideway, reciprocatory
rams, a rotatable cutter -carried by each of
said ram-guides, and a former to guide the
movement of the eufters to give the desired
contour to the tooth, said cutters arranged at
an angle lo an intermediate plane passing
through the cone center of the gear whereby
said cutters will cut at their adjacent periph-
eral edges or corners. o

60. Inamachine for generating gear-teeth,
means to carry a gear to be generated, oscil-

latory ram-guides, reciprocatory ramns adjust--

able in said guides, a rotatable cutter carried
by each of said rams, and a former to guide

- the movement of the cutters to give the de-
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sired contour to the tooth; said cutters ar-
ranged at an angle to an intermediate plane
passing through the cone center of the gear
whereby said catters will cut at their adja-
cent peripheral edges or corners. ’

61. Ina machine for generating gear-teeth,
an oscillatory quadrant, mechanism engaged
with said quadrant to carry a gear to be gen-
erated, a rotatable cutter to act upon one face
of a given gear-tooth, and means carried by

said quadrant to oscillate said cutter in one.

direction, and to guide the movement of the
cutter to give the desired contour to the sur-
face of the tooth, said cutter arranged at

LS
an angle to an intermediate plane passing
through the cone center of the gear whereby
said cutter will cut at its adjacent peripheral
edge or corner. :

62. Inamachine for generating gear-teeth,
an oscillatory quadrant, means engaged with
said quadrant to carrya geartobe generated,
a rotatable cutter to act upon a given gear-
tooth, means to carry a gear away from the
cutter; and a former to guide the movement
of the cutter to give the desired contour to
the tooth, said cutter arranged atan angle to
an intermediate plane passing through the
cone center of the gear whereby said cutter
will eut at its adjacent peripheral edge or
corner. )

63. In a machine for generating gear-teeth,
an oscillatory quadrant, means connected
with said quadrant o ¢arry a gear to be gen-
erated, a rotatable cutter reciprocatory in op-
eration arranged to act upon the adjacent
face of a given tooth of the gear, a former to
guide the - movement of the cutter to give the
desired outline to the adjacent face of the
tooth, and means to advanece the quadrant to
carry the gear to the cutter.

64. In a machine for generating gear-teeth,
an oscillatory automatically-retracting quad-

rant, means connected with said quadrant to -

carry a gear to be generated; a rotatable cut-
ter reciprocatory in operation arranged to act
upon the adjacent face of a given tooth of
the gear, a former to guide the movement of
the cutter to give the desired outline to the
adjacent face of the tooth, and means to ad-
vance the quadrant to carry the gear to the
cutter.
In testimony whereof I sign this specifica-
tion in the presence of two witnesses.
FRANK E. FERRIS.
Witnesses:
N. 8. WriGHT,
M. HIicKEY.
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