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UNITED STATES

1,909,840

PATENT OFFICE

FRIEDERICH MULLER, OF ELIZABETH, NEW JERSEY, ASSIGNOR TO THE WHITNEY MFG.
0., OF HARTFORD, CONNECTICUT, A CORPORATION OF CONNECTICUT

MACHINE FOBR FORMING GEARS AND THE LIKE

" Application filed January 18, 1881. Serial No. 508,265.

This application is a continuation in part

of my copending application, Serial No. -

210,242,

The invention relates to a novel and im-.

proved machine for forming gears, sprock-
ets, and the like. According to present prac-
tice, one way of forming gears is to cut the
metal frop between two adjoining teeth on
a blank and then rotate the blank to a suf-
ficient extent to bring into registry with the
tool the portion of metal between the next
pair of agj%ining teeth, after which the first
operation is repeated until the blank has been
revolved through a complete circle.

According to my invention, I provide a
machine whereby tge metal between the teeth
of a gear may be removed from the blank
at a single operation, without the necessity
of rotating or indexing the blank. Other
and further objects and advantages will be
apparent from the following description
when read in connection with the accom-
panying drawings, in which I have shown
a selected embodiment of the invention, and
in which:— '

Fig. 1 is a vertical view, partly in eleva-
tion and partly in section, showing a ma-
chine constructed according to my invention,
and in which the operating power is sup-
plied by a hydraulic press. . \

Fig. 2 is a vertical sectional view through
the tool holder appearing in Fig. 1, certain
of the tools being omitted. :

Fig. 3 is a top plan view of the holder
shown in Fig. 2.

~ Fig. 4 is a vertical sectional view through
the top of the standard on which the work

- is. supported, showing the work in place

40

thereon. ‘
Fig. 5 is a perspective view of the work
shown in Fig. 4.
Fig. 6 is a
appearing in

rspective view of a device
ig. 4 beneath the work, and

45 the function of which will be more fully

50

described later. ‘
Fig. 7 is a side elevation of the struc-

ture appearing in Figs. 1 and 8, and show--

ing the manner in which the tool holder is
put into place; ‘

Fig. 8 a view taken from the right of

Fi%. , but showing the tool holder in place.
ig. 9 is a view of the device by which
the tool holder is handled. :

Fi%; 10-is a fragmentary plan view of the
movable guide for the tool holder.

-Fig. 11 is a horizontal sectional view ap-
proximately on the line 11—11 of Fig. I‘;,
but with the tool holder removed.

Fig. 12 is a top plan view of the struc-
ture appearing in Fig. 7, after the tool hold-
er is in place and the carriage removed.

According to my invention, I provide
means for rigidly holding the work or-blank
from which the gear is to be cut, this means
preferably being so arranged that the blank
will occupy a-horizontal position. I then op-
erate on the blank with a tool which will

55

remove from the blank all the metal between -

teeth. A tool which will perform this opera-
tion is illustrated in the drawings, and more
particularly in Figs. 1, 2, and 3. Referring
to these figures, the tool holder comprises-a
tubular sleeve 1 having on -the inner .face
thereof a plurality of longitudinally extend-
ing grooves 2, these grooves: forming guides
for keys 3 on the tools 4. These tools are

shown as elongated .cutting elements, there

being one element for each of the grooves 2.

As best shown in Fig. 2, the inside digmeter
of the holder 1 is greater at the bottom there-
of than at the top, so that this.wall is frusto-
conical and so that the cutting elements are
inclined inwardly at their upper ends. On
their inner faces or edges, each tool or cut-
ting element is. provided with a series .of
teeth 5. : :

It will be seen that the distance A between
opposite teeth at the bottom of the tool holder
is greater than the distance B between op-
posite teeth at the top of the tool holder, or,
in other words, the top tooth of each element
is nearer the center line of the sleeve than is
the bottom tooth, so that each element forms
a broach. e
" Preferably, each cutting element is held in
position intermediate its length as by means
of screws 6 which pass through openings 7
in the wall of the sleeve, tmdg are threaded
into holes in the backs of the elements. The
holes 7 may be larger than the diameter of

5
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the screw so as to permit adjustment particu-

larly lengthwise of the groove in which the

cutting element is keyed.
The cutting elements may also be held in
s Place adjacent their ends by means of bearing
members 8 and 9. Each of these elements has

a frusto-conical surface 10 and 11 contacting

with similar surfaces on the ends of the cut-,
ting elements so that, as the bearing mem-
10 bers are moved longitudinally of the sleeve,

they will serve to tighten the cutting elements -

in place. _
ne of the functions of the screws 7 is to
prevent inward buckling of the cutting ele-
15 ments because of the pressure of the bearing
members. Longitudinal movement of the
bearing members may be caused in any suit-
able way, such, for example, as by providing
nuts 12 and 13 threaded into the ends of the
o0 sleeve. In the form illustrated, I have shown
anti-friction members 14 between each nut
and its associated bearing member, so that
when the nut is turned, there will be no
tendency to twist the associated bearing mem-
25 ber. :
By manipulation of the nuts 12 and 13, the
cutting elements may be adjusted longitudi-
nally of their grooves and in unison, such
adjustment resulting in varying the distance
30 of each tooth of an element from the center
line of the tool. .

The work upon which the cutting opera-
tion is to be formed is usually a relatively
thick blank, such as indicated at 15 in Fig.

. 854, The finished gear cut from this blank is
' shown in Fig. 5, and is designated 16. The
blank is secured on top of a standard 17
mounted on a suitable base 18, and the tool
holder is supported above the standard on a
frame carrieg by said base, in such a way
that its longitudinal axis is in exact align-
ment with the vertical axis of the standard
so that, when the tool holder is reciprocated
vertically, the cutting elements may simul-
taneously and accurately perform their cut-
ting operations on the blank. The means for
causing this reciprocating movement is illus-
trated herein as a hydraulic press, although
othér forms of operating mechanism may be
used.

"~ The f;ress shown herein is supported on the

base 18 and comprises a cylinder 19 contain-
ing a piston 20 operated by pressure supplied
through a pipe 21. Connected to the lower
end of the piston 20 is a cross head 22 ver-

55

tically slidable on guides 23 forming part of .

the frame, the head being provided with a
depending connecting means 24. In the form
shown, this connecting means is formed of
two facing hooks 25 adapted to receive a pro-
jection 26 on the top 27 of a sleeve 28 in
which the tool holder 1 may be placed: It is
to be understood that the tool holder accu-
65 rately fits within the sleeve 28 and may be
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secured therein by any suitable means, such
as a nut 29.
Referring to Figs. 7 and 8, it will be seen

.that the sleeve 28 and parts therein may be

mounted on & carriage 30 which runs on the

- track formed of rails 31, and extends trans-

versely from the base. A suitablé heok 32

rovided with an eye 33 may be used in con-
junction with a suitable hoist (not shown),
this hook engaging the projection 26 so that
the sleeve 28 and parts therein may be lifted
and placed upon the carriage. After that,
the carriage may be rolled horizontally to a
place where the sleeve is in position and where
the projection 26 may engage the connecting
means 24. The projection 26 and means 24
are then preferably tightly secured together
by a wedge or wedges inserted in the space 34.

The position of the sleeve is accurately de-
fined by means of a vertically slidable guide
35. This guide has bearings 36 which slide

on the guides 23 and, as best shown in Figs..

10 and 11, the guide is made intwo parts 37
and 88. The part 37 is provided with thread-
ed bolts 89 which are received in correspond-
ing holes in the part 38, after which the nuts
40 are threaded on the bolts to secure the
parts together with the sleeve 28. there-
between.

In Fig. 11, I have shown the part 38 as
being removed, and it is to be understood
that the sleeve 28 is placed on the carriage
30 which is then wheéled to the right, as view-
ed in this figure, until the sleeve is received
within the concave surface of the part 37,

after which the part 38 is put into position,

70
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as shown in Fig: 10. One of the parts is pro-_:

vided with a key 41 which may be placed in:
a corresponding keyway 42 on the sleeve 28.°

In Fig. 8, 1 have shown the sleeve in posi-
tion within the part 837 and with the connect-

_ing, means 24 in engagement with the projec-

tion 26, with the sleeve slightly raised so that
the carriage 30 may be rolled out of the way.
A stop 43 may be provided to limit outward
movement of the carriage.

In the operation of the mechanism thus far
described, after the sleeve is secured in posi-
tion within the guide 85, within which it is
to be understood that the sleeve has a slid-
ing fit, the press is operated to raise the head

22, this being done by pistons 44 in cylin--

ders 45, the lower ends of the pistons being
connected to the head, as plainly shown in
Fig. 1.

Mounted on the heads are ears 46, within
which slide vertical rods 47, these rods also
passing through ears 48 in the bearings 36.

" These rods are preferably threaded at both-

ends, as plainly shown in Fig. 7, and on these
threaded ends are placed nuts 49. Therefore,
when the head 22 is lifted, it will also raise
the guide 35 to some such position as shown
in Figs. 1 and 8. The work or blank is put

\
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1 place on the standard ‘17, and the press centering pin 53 and properly place the i)lﬁfe.

is now operated to lower the sleeve 28.
During the first part of this lowering move-
ment, the guide 35 will drop with the move-
s ment of the sleeve, because the rods 47 have
no provision for preventing such movement
of the guide. The guide will then come to
rest on the rails 81 or, if such rails are not
used, on top of the base, and the sleeve 28

10 and associated parts will continue their down-

ward movement, the teeth on the cutting ele-
. ments acting on the blank. This action, it
will be observed, is one in which the first
tooth on an element will take out a chip from

15 the space between adjacent teeth, and each
succeeding tooth will take out another chip,
each chip being nearer the center of the:blank

_ than the preceding one. The last tooth, or
last few teeth, may be used as finishing teeth

20 to give the final shape to the gear teeth.

During the above operation, it will be seen
that the guide 35 is in position adjacent the
work, so that it effectively guides the sleeve
in its downward movement. It will also be

26 seen that the guide 35 cooperates with a guide

50 inserted in the top 51 of the base, it being
understood that this guide 50 has, like the
euide 35, a bore of interior diameter, so that
the sleeve 28 will have an accurate sliding fit

30 therein. The guide 50 is preferably in the
form of a sleeve having an outer frusto-coni-
cal surface 52 contacting with a correspond-
ing surface on the top 51 so that it may be ac-
curately centered. ,

35  After the cutting is completed, the head 22
is again lifted by means of the pistons 44, it
being understood that fluid may be admitted
to the cylinders 45 by suitable pipes 45’. Dur-
ing the first part of this movement, the rods

40 47 will slide upwardly in the ears 48, it being
understood that by the time the lowermost
position of the header 22 has been reached, the
lower nuts 49 have passed to points some dis-
tance below the ears 48. In other words, the

45 movement of the rods 47 has continued while

the movement of the guide 35 and its asso-

ciated ears 48 has been arrested. During the

lifting movement of the head, however, the

time comes when the nuts 49 will engage the

50 ears 48 and lift the guide to some such posi-

tion as shown in Fig.'1. The parts are now

at their initial position. The operation of

the press is momentarily discontinued while

the workman removes the blank 15 and re-

55 places it with another, after which the oper-
ation is repeated. : :

Referring now more particularly to Figs.

1,4, and 6, I have shown the work or blank 15 .

supported on the standard 17, and centered by
60 means of a centering pin 53. Surrcunding
the pin, and disposed between the blank and
the standardisan anti-burr plateoverhanging
the standard 54. This plate may have one or
more pins 55 received in corresponding holes
65 in the top of the standard 17 to coact with the

On top of the plate 54 is a thin plate 56,
likewise centered by the pins 53 and 55. The
blank may be held in position by a clamp 57,
this clamping being secured to the pin 53 by
a quick-turn nut 58 cooperating with a
threaded portion 59 on the upper end of the
pin 53. This nut and threaded end portion
may conveniently be formed in the well-
known manner, wherein opposite sides of the
nut and of the threaded portion of the pin are
formed as flat surfaces without threads, so
that the nut may be placed on the pin, and by

tightly engaged. Such an arrangement in
this partieular location is of great advantage
as facilitating the work of changing the
blanks between operating of the press.

In operation, and when cutting the first

gear, the plates 54 and 56 are circular in cross
section, without teeth. The blank is then

placed on top of the plates, and the press op-
eratéd as described above. The result would

70

({]

‘a half turn, the threads may be quickly and .

be to cut teeth on the blank and also on the -

plates 54 and 56. These plates are then left
in position for succeeding operations, and it
will be seen that, as the cutting teeth on the
elements 4 leave the blank, they will be re-

ceived in spaces 60 between teeth 61 which -

have been cut on the plates. ;
The teeth 61 form substantial continua-

tions of the teeth 62 which are formed on the

gear 16, and the surfaces of these teeth will

consequently be substantially continuous. In .

performing a cutting operation wherein the
cutting tool leaves the blank, it is difficult to
avoid forming a burr at this place where the

_knife leaves the blank.

By providing an anti-burr plate as de-
scribed above, the knife in effect does not leave
the blank, or, in other words, there is no
chance for a burr to form, because the blank
has no free surface disposed transversely to
the movement of the cutting element at the
point where that element leaves the blank.

100
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110

Any burr formed at all, must be formed at the

bottom of the anti-burr plate. ‘
1 preferably use two plates 54 and 56 so
that the wear may be taken up by the rela-

tively thin plate 56, and so that this'plate may

be taken off and replaced by another one
without removing the entire plate 54. Thisis
evidently economical of material, because
the plate 54 must be of substantial thick-
ness. - In this way also the plate 54 may be
retained and used indefinitely when cutting
similar gears. S
‘While I have shown the invention as being

118

used where the finished gear is formed by one -

the same or similar arrangement may be used
where it may be necessary to form the gear
in several operations. For example, the size
or weight of the gear may be such that only
some of the metal between teeth may be re-

‘operation, it is of course to be understood that 128
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moved at one operation, after which the gear
blank would have to be moved to a different
broaching machine for removal of more of
the metal. * Therefore, in the claims, when
T refer to the forming in one operation of the

- space between two adjacent teeth, it is to be

10

15

20

25

understood - that this language refers to the
space formed by one operation of the ma-
chine, this space being completely formed
so far as the practical working conditions
will permit.. ) ,

Moreover, while I have shown the inven-
tion as embodied in a specific form, it is to be
understood that various changes in details
may -be made without departing from the

._scope of the invention, and I therefore do not

intend to limit myself except by the append-
ed claims. - -

I claim:

1. In a device for cutting gears and the
like, stationary means to support a blank, a
movable tool comprising a plurality of cut-
ting elements disposed circumferentially of
said blank and each adapted to operate on
said blank to completely form in one opera-

~ tion the space between two adjoining teeth of

30

35

40

the blank, means adjacent the work for guid-
ing the tool, and means for actuating said
tool. '

2. In a device for cutting gears and the
like, stationary means to support a blank, a
movable tool comprising a plurality of cut-

ting elements disposed circumferentially of j

said blank and each adapted to operate on
said blank to completely form in one opera-
tion the space between two adjoining teeth,
means adjacent the work for guiding the
tool, and means to actuate said tool to move
said elements simultaneously, each of said ele-
ments forming a broach.

3. In a device for cutting gears and the
like, stationary means to support a blank, a
movable tool comprising a plurality of cut-

- ting elements disposed circumferentially of

45

58

65

said blank and each adapted to operate on
said blank to form the space between two ad-
joining teeth, means adjacent the work for
guiding the tool, and means to actuate said
tool to cause a plurality of said elements to
simultaneously operate on said blank, each
of said elements forming a broach with a plu-
rality of teeth spaced at different distances
from the center of the tool whereby each of
said broaches completes a tooth at each
stroke. ‘

4. Tn a device for cutting gears and the
like, stationary means to support a blank, a
movable tool holder having a plurality of
cutting elements thereon disposed circumfer-
entially of said blank, and each adapted to
operate on said blank to completely form in
one operation the space between two adjoin-
ing teeth of a gear, means adjacent the work
for guiding the tool, means to actuate said
holder to cause said elements to simultane-

1,909,840

ously operate on said blank, and means for
detachably securing said elements to said
holder. ]

5. In a device for cutting gears and the
like from plain blanks, means to support a
blank, a tool holder having a plurality of
cutting elements thereon disposed eircumfer-
entially of said blank, and each adapted to
operate on said blank to form the space be-
tween two adjoining teeth of a gear, means
to actuate said holder to cause said elements
to simultaneously operate on said blank,
means for detachably securing said elements
to said holder, and means for simultaneously

adjusting all of said elements in relation to

the center of the holder.

. 6. In a device for cutting gears and the
like, means to support a blank, a tool holder
having a plurality of cutting elements there-
on disposed circumferentially of said blank,
and each adapted to operate on said blank to
form the space between two adjoining teeth
of a gear, means to actuate said holder to
cause said elements to simultaneously oper-
ate on said blank, means for detachably se-
curing said elements to said holder, and
means for simultaneously adjusting all of
said elements in unison in relation to the
center of the holder.

7. In a device for cutting gears and the
like, a fixed work holder, a fixed base having
a tool guide rigid therewith and located ad-
jacent the work holder, a frame having a
tool holder movable in a fixed path thereon,
means for securing said base and frame to-
gether, and means for moving said tool holder
along said tool guide.

8. In a device for cutting gears and the
like, a base having a tool guide rigid there-
with, a frame having a tool holder movable

.in a fixed path thereon, means for securing

said base and frame together, means on said
frame adjacentrsaid work to guide said tool
holder in coryect position with respect to said
work, and pieans for moving said tool holder
along said tool guide.

9. In a device for cutting gears and the
like, a base having a bore therein, a rigid
guide in said bore adapted to guide a tool
holder therethrough, a standard rigidly se-
cured to said base coaxially with said bore,
and means on said standard to support a
blank, whereby the tool moving through said
guide in said bore will be disposed coaxially
with respect to said blank.

10. In a device for cutting gears and the
like, a tool holder in the form of a tube, a plu-
rality of guides on the inner surface of said
tube, said tube being inclined from one end
of the tube towards the other; a plurality of
cutting elements fitting snugly into said
guides and slidable in said tube, and means
to fixedly secure said elements to said holder
within-said guides. .

11. In a device for cutting gears and the
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like, a tool holder in the form of a tube, a
plurality of guides on the inner surface of
said holder, keys in the tool fitting snugly
into said guides, said holder being: inclined
6 from one end to the other, a plurality of cut-
ting elements slidable in said holder, and
means to fixedly secure said elements to said
holder within said guides, said means per-
mitting limited adjustment of said elements
10 Jongitudinally of said holder. ,

12. In a device for cutting gears and the
like, a tool holder in the form of a tube, a
plurality of guides on the inner surface of
said holder, keys in the tools fitting snugly

15 into said guides, said holder being inclined
from one end to the other, a plurality of cut-
ting elements slidable in said holder, and
means to fixedly secure said elements to said
holder within said guides, whereby each of

20 said elements forms a broach.

13. In a device for cutting gears and the
like, a tool holder in the form of a tubular
member, a plurality of cutting elements slid-
ably mounted on the interior of said member,

25 means securing said elements to each mem-
ber, bearing members contacting with the

ends of said. elements, and nuts threaded into .

opposite ends of said tubular member and
. holding said bearing members in contact with
30 said elements.

14. In a device for cutting gears and the
like, a tool holder in the form of a tubular
member, a plurality of cutting elements slid-
ably mounted on the interior of said member,

38 means securing said elements to each member,
bearing members contacting with the ends of
said elements and having wedge shaped sur-
faces coacting with the corresponding sur-
faces on said elements, and nuts threaded into

40 opposite ends of said tubular members and

holding said bearing members in contact with .

said elements. ,
15. In a device for cutting gears and the
like, a tool holder in the form of a tube, a
45 plurality of guides on the inner surface of
said tube, said guides being inclined from one
end of the tube towards the other, a plurality
of cutting elements slidable in said guides,
and means for holding said cutting elements
50 in place, comprising a member having a
wedge shaped surface engaging a like sur-
face on the ends of said cutting elements.
16. In a device for cutting gears and the
like, a tool holder in the form of a tube, a
88 plurality of guides on the inner surface of
said tube, said guides being inclined from
one end of the tube towards the other, a plu-
rality of cutting elements slidable in said
* guides, means for holding said cutting ele-
60 ments in place, comprising a member hav-

ing a wedge shaped surface engaging a like

surface on the ends of said cutting elements,
and acting to force the said cutting elements
outwardly into engagement with said guides.
85 17. In a device for cutting gears and the

like, means to support a blahk, a tool compris-
ing a plurality of cutting elements disposed
circuinferentially of -said. blank ‘and each

-adapted: to operate on said blank to form the

space between twoadjoining teeth of the gear,
and means to actuate said. tool to cause said
elements to simultaneously operate-on said

‘blank, each of said elements forming a broach

with a plurality of teeth thereon, the teeth
throughout most of the length of the element
beinig spaced ‘at different distances from the
center of the tool and the remaining teeth
being at substantially the same distance from

-the center of the tool whereby said remain-

ing l1ieeth aet to give a finished cut to the gear
teeth. - : .

_18. In a device for cutting gears and the
like, a standard, a tubular tool holder having
cutting elements on the interior thereof form-

~ing a tool adapted to act on a blank on said

standard, and means to reciprocate said tool
holder and elements, said standard being of
small diameter than the smallest inside diam-
eter of the tool, whereby it may be received
within said holder as the tool operates on the
blank. o oo

~19. In a device for cutting gears and the
like, a standard having a plate on the to
thereof and: overhanging - said- standard,
means for securing.a blank on top of said
plate, and a tool movable parallel to said
standard and adapted to cut teeth in said
blank, the parts being so arranged that said
tool will pass through said plate 1n its cutting
movement.

20. In a device for cutting gears and the
like, a standard having a ‘plate on the to
thereof and overhanging said standard,
means for securing a blank on top of said
plate, a tool movable parallel to said standard
and adapted to cut teeth in said blank, the
parts being so arranged that said tool will
pass through said plate in its cutting move-
ment, and a thin wear plate disposed between
said first named plate and said blank.

21, In a device for cutting gears and the
like, means to support a blank from which a
gear is to be cut, a movable tool adapted to cut
teeth in said gears, means to reciprocate said
tool, a guide for said tool during its recipro-
cation, and means to move said guide with
said tool during at least & part of said move-
ment.

.22, In a device for-cutting gears and the
like, means to support a blank from which a
gear is to be cut, a movable tool adapted to
cut teeth in said gear, means to reciprocate
said tool, a guide for said tool during its re-
ciprocation, means to - move said guide with
said tool to & point adjacent said blank, means
to stop said guide at said point, and means
tomove said guide away from said point after
completion of the cutting operation.
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23. In a device for cutting gears.and the

like, means to support a blank from which a
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gear is to be cut, means to reciprocate a tool
to cut said gear, a fixed guide adjacent said
© blank and adaﬁ)ted to guiﬁe said tool past the
work, a movable guide in alignment with said
8 fixed guide, and means to move said movable
.- guide 1nto proximity with the fixed guide to
form a substantially continuous guide for the
tool when performing the cutting operation.
24. In a device for cutting gears and the
10 like, means to support a blank from which a
.gear is to be cut, means to reciprocate a tool
to cut said gear, a fixed guide adjacent said
blank and adapted to guide said tool past the
.. work, a movable guide in alignment with said
15 fixed guide, means to move said movable
guide Into proximity with the fixed guide to
form a substantially continuous guide for the
tool when performing the cutting operation,
and means to move said movable guide away
20 from the blank to permit the removal thereof.
25. In a device for cutting gears and the
like, a tool holder, means to reciprocate said
holder, a guide for said holder in its recipro-
cating movement, said guide being formed
28 of two parts, means to move said holder hori-
zontally into position with respect to one of
said parts, and means to secure the second
part to the first part to form a guide for the
holder. :
] FRIEDERICH MULLER.
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