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This invention relates to the manufacture of
genrs and similar artieles, and i particular, to
the making of such MMM&% hy jpm%mm Operg-
tlons.

Cue object of this mveam;ﬁw ﬂm to provide o
process of making gears; ‘vaeﬁw a blank is
forced through a plurality of-digs; cach dle be-

Ing arrenged m\ form & pmmmm nzmw of a mw

tooth,

mmwhezf mbj@m Is to Wmﬂﬂv mm@h & mmc@ﬂu,

wherein the dies are nrranged conwially 5o thet
the blank follows a re«,?ﬁMmmxr mm ag it WMM@E
through the dies;

Another object is to pr mwm o process of mel-
ing gears, whereln s blank i formed.

n,m@ugh 2 plurality of dies, eneit of which forms

o part only of the geai teeth go Uit the . enfire
}m mation of the gear teeth i is-carried @m in sue-
cessive stages.

Another object s to jpmvimm & process of mm-
ing gear teeth by pressing operations, wherein a
blank is provided with sligning portidns fny en-
gagement by an hmpelling menmber Vrkileh fmpels
the blank through s pluraliity of memmm dies,

-each of which forms a part only of a geéar tosth,
the gear with its Gnished teeth being in n sub-
stantially complete wmdmmm Mﬂ;m“ it leaves the
final die.

One object of thig ilm@mibmm is to provide &
nyultiple die for making gears by having differens
portions thereof form perts only of each mm
dividual gear tooth as it passes J;hmwh Mfm aEv

rtipns of the mulfiplle die.

el ohject 1s to provide & maechine far

g gear teeth by pressing operations, com-

;o Toveble mmmwr and o series of dies

prisix
ary
changes brought about in & serles of stages.
Ancther objest is to provide n muitiple die for
meaking gears having different- portions therveod
adapted to form parts only of .each indlvidual

with he
rough outiines of the teeth, and thereqfter Torced .

nged to Jorm the teeth of the gear by gmall
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gear tooth, these different die portiong: having .

means for conducting pressure fuid: thetelo to 4

clean out the die after the production of gears,
thereby removing Mn@ wﬂ,tmga or 'f*hmvmw from
the die,

This upplﬂmuwm 58 ﬂ:MWsmm of our application
Serial No. 130,940, filed Ma,mh l% W"H

In the drawings:

50

Pigure 1 is a central verﬂm)l %ctmm through a

preferred embodiment of the multiple dle of this
Invention. » )
Figure 2 Is a top plan view looking.in.-the di~

88

- Fgure § 1s o view

‘rection of the arrows -2 in Flgure 1 of the

multiple die of this Inventlon,
Flgure 3 is = fop-plan view of a portion of a
maberial smm, showing o pair of gears which have

-been stomped to their approximate form; and re-

placed in the ghelp for further operations by the
multiple die of this invention.

Megure 4 1s g vertical wmmﬂ mm«»m elong the
line fe=f - Figure 3.

Plgure B is an enlgrged por m&mm of éne of the
geay; blaniks mhm’wm in Meure 3, showing in dashed
Mmeﬂ the finished form of the gear teeth,

Figire 6 M; an uﬂlwwem WnPW of » poition of
Mm wmm mmwm m Wigures § and 5, after it has
irst portion of the multiple

I m*m m_ Mm m \bhe wew wem

'mm umm @ﬂ’ mf@ mumml@ HQ to mzm ar mmmmmm{

part of the gear teetl.

similar to Pigures 6 ang 7,
but showing the genr teeth after the blank has
passed Shyough the third portion of the die, there-
by forusing the major part of the gear testh. ‘

Figure § is & view similar to Figures 8, 7 and 8,
but showing the eompleted form of gemr teeth

after the blank hag passed through the fourth
portion of the die.

Figure-10 is o view, similar to Figyre "]L,' but
showing & modified "wzrmmmm@m whereln the
mmmm die is mounted upon the plsten of the
press and the punch upon the bed shereof.

I'n general, the machine of this Invention con-
slgts of P-p rpultiple die having o serles of portions,

‘ench of which cuts a pert only of the gear teeth

s that eachy entive Looth iy produced in & series
of stages rather then in a single operation as has
been the case-in fhe pilor art. In particular, the
multiple die by which the gears are made .¢con-
sists of a plurality of die portions of different

- conflgurations and arranged to form the gear

teeth In o series of steps rather than in a single
step, ag in the prior art. Preferably, these die
portions nre arranged conxially so that the blank
Iz forced through the entire serles by the single
thrust of & plunger,- The multiple die is especial-
Iy valuable for the production of very accurslely
made gears, such-as are used in fne clocks or
Jlmuﬁ,nwmemu

The blank used with this invention may be
elther clrcular with 2 plain rim, or it may have
appr mthm.tely shaped teeth formed by a prelimi~
nary bxankmg operation. In the present inven-
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tion, the thickness of the stock has no influence
upon the accuracy of the process.

Hitherto, gears have been cut a single tooth
at a time, or by stamping the entire gear with
its teeth at a single blow of a press. The pro-
duction of gears at a single blow will not produce
a sufficiently accurate gear wheel for fine clocks,
or instruments, and this process also cannot be
used for punching thick wheels of small pitch.
Ordinarily, it is impractical to punch any hole or
tooth in a piece of material smaller than the
thickness of the material. Varying thicknesses
of the stock, by such prior processes, cause the
punch or mounting mandrel to bend sufficiently
to make it impossible to cut all of the gear
wheels accurately and perfectly.

Referring to the drawings in detail, Figure 1
shows a preferred embodiment of this invention,
and consists of a platen 10 having a fluted punch
{1 with a neck portion 12 inserted in an aperture
I3 of the platen 10. The punch If is provided
with peripheral and central aligning pins (4
and 15, respectively. ~Arranged beneath the
plunger {1 and coaxial therewith is the multiple
die, generaily designated 16, and consisting of
die members {1, I8, 19 and 20. The flutes on
the punch {1 extend behind and thereby provide
support for the gear tooth portions during the
formation thereof.

These die members are provided with coaxial
apertures 21, 22, 23 and 24, and peripheral aper-
tures 25, 26, 27 and 28, adapted to receive the
cap screws 29 which hold the multiple die mem-
ber within the recess 30 of the die support 3l.

Certain of the upper apertures 25 formed in the ¢

upper die member {T are threaded to receive the
upper ends of the cap screws 29. The lower die
member 20 is provided. with a slightly enlarged
extension 32 of its forming aperture 24, through
which the finished gear passes. The finished
gear drops through an aperture 33 in the support
31, and thence into a suitable container or col~
lecting means. Arranged between the aperture
33 and the lowermost die member 20 is an aper-
ture enlargement 34, with which the apertures
35, 36 and 37 communicate. In each set of aper-
tures 35, 36 and 37 the individual apertures are
arranged coaxially (Figures 1 and 2).

The die apertures 21, 22, 23 and 24 of the mul-

tiple die 16 are so configured as to form the gear ;

teeth in successive steps, better shown by a con-
sideration of Figures 3 to 9, inclusive. Figure 3
shows a strip of material 38 having apertures 38,
from which gear blanks 40 have been punched
and replaced therein, after punching. The blanks
40 are provided with marginal and central re-
cesses or apertures 41 and 42, respectively, for
the reception of the aligning pins 14 and 5 of
the plunger 1l. Optionally, the blanks 40 may
be provided with precut corrugations 43 on the
peripheries thereof, as better shown in Figure 5.
The latter indicates by the dashed line 44 the
exact contour of the finished gear teeth, in con-
trast with the preliminary corrugated portions
43. If desired, however, a circular die may be
used for this pre-cutting operation, thereby pro-
viding a blank 40 with a smooth periphery.

The material for making the gears by this
process and arrangement may be of any desired
nature, such as metal or synthetic resin, the in-
vention having been successfully carried out with
both of these materials.

The successive die members 17, 18, {3 and 20
are provided with corrugations 45, 46, 47 and 48
on the walls of the apertures 21, 22, 23 and 24,
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and corresponding to the number of teeth to be

.formed on the gear wheel blank 40. These cor-

rugations are formed, however, so that each cor-
rugation takes only a small portion of material
out of the contour of the tooth. Accordingly,
the apertures 21 to 24, inclusive, and their cor-
rugations 45 to 48, inclusive, are arranged to
take off from .001 to .005 inch, thereby producing
a gear tooth which in every way equals a slowly
cut gear tooth formed by a milling or similar
operation. The gear wheels formed by the pres-
ent invention, however, are produced with a sin-
gle stroke of the punch press, or at the most,
with two strokes, one for the blanking operation
and the other long stroke for the forming by
means of the multiple die. .

The material may be of any desired thickness,
and is unaffected by the size of the aperture, in
contrast with prior art arrangements. For ex-
ample, it is possible to produce excellent gear
wheels with teeth only .019 or .020 inch in width,
from stock which is .040 inch in thickness. The
present arrangement, moreover, has been found
to be the only suitable way by which accurately
formed synthetic resin gear teeth can be pro-
duced, where these gear teeth are to have per-
fectly formed tips which are absolutely unbroken,
Accordingly, with this process and arrangement,
any thickness of material may be used for pro-
ducing a gear wheel with any pitch of tooth.

In operation the blank 40, either with or with-
out the preliminary peripheral corrugations 43,
is placed in the arrangement shown in Figure 1,
with its aligning apertures 41 and 42 in engage-
ment with the aligning pins {4 and {5 of the
plunger {1. The press is then operated to cause
the platen 10 to descend, thereby forcing the
blank 40 successively through the forming aper-
tures 21 to 24, inclusive, of the die members 11
to 20, inclusive. :

As the blank 40 passes through the first die
member 11, the tips of the gear teeth 49 are
formed as far as the point 50 (Figure 6), the
remainder of the corrugated portions 43 being
left untouched. This preliminary formation of
each tooth 48 is brought about by the corruga-
tions 45 of the forming aperture 2. As the

lank 40 passes through the corrugations 46 of
the forming aperture 22, in the second die mem-
ber 28, the tips of the gear teeth 49 are given a
further partial formation, this time as far as the
point 531 (Figure 7). Only small portions of the
corrugavions 43 now remain untouched. As the
blank passes through the corrugations 47 of the
aperture 23, in the third die member 19, these
die corrugaticns form still further portions of
the gear teeth 49, thereby giving the appearance
shown in Figure 8. Finally, when the blank 40
is impelled through the final corrugations 48 of
the aperture 24 in the last die member 20, the
bases of the teeth 49 are formed in such a man-
ner as to complete the gear teeth and present the
appearance shown in Figure 9.

Thus, by a succession of steps performed at
a single operation, the teeth of the gear wheels
are formed. In this manner very little strain is
placed upon an individual gear footh, so there
is practically no tendency for the blank to bend
or the gear tooth to be forced into a deflected
position from which it may be deviated later
when the pressure is removed. There is no tend-
ency, also, for the thickness of the material to
affect adversely the production of the apertures
or teeth because each footh is formed, not at a
single step but by a succession of steps in differ-
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ent dies. Each die Is thereby subjected to but a
slight -strain, in contrast with the great strain
placed upon & die used in the production .of a
gear wheel at a single stroke.

Accordingly, therefore, the machine of this in-
vention permits a blank to be forced through
a series of forming apertures, each aperture
forming & portion only of each gear tooth so that
the gear tooth is produced by a plurality of cuts
or forming engagements rather than by a single
cut, &s in the prior art, The fact that all partial
cuts upon the blank are made substantially
simultaneously entirely around the periphery of
the blank, results in an even pressure being ap-
plied to the blank, so that there is no tendency
for an eccentric gear to be produced as where &
gear wheel is produced by cutting a single tooth
at & time. In order to facilitate the alignment of
the several parts of the die, dowel rods 52 are

provided (Pigure 2) at spaced positions around o

the periphery thereof,
The space 34 thus forms an annular chamber
from which a passageway 53 leads outwardly to

8 source of pressure fluid, either gaseous or liquid,

by which the shavings or cuttings can be expelled
and the dies cleared regularly by way of fhe
apertures 35, 36 and 31. This improves the qual-
ity of the product by preventing any damage to
the gears by the action of chips or shavings al-

ready in the die. Where the press employed is

actuated by pressure fluid for punching out the
gear wheels, the exhaust fluid therefrom may be
directed through the passageway 53 to expel the
cuttings and clear the die.

In the modified construction shown in Figure ;
10, the multiple die support 31 is mounted upon
the platen or ram 854 of the press, whereas the

punch 1 is mounted in a bore 55 In the press
bed §6. By this arrangement it is possible to cut
an individual blank of a size which is not prac-
tical to push back into the strip. In this modi-
fleation, the punch does not move into the die
members or portions, as in Figures 1 to 9, but
the die members move down over the punch.
After the gear wheel has heen punched out by

these multiple dies, it is pushed through the ™

aperture 32 at the top, and may be removed
therefrom either mechanically or by being blown
out by compressed air. As before, the blank may
be properly located by the use of the pins 14 and

‘1§ mounted on the punch. In this modification, *

however, the punch is stationary and the die
members or portions are movable by being at-
tached to the platen or ram. Furthermore, by
the use of the locating pins |14 and 8§ it is pos-
- sible to make larger gears than it is possible to
cut in a single operation. The locating pins en-
able the operator to take the same blank through
any number of dies without danger of its being
dislodged because the blank is always properly
Jocated by means of the pilot holes or apertures
41 and 42 in the center of the blank 40.

It will be understood that we desire to com-
prehend within our invention such modifications
as come within the scope of the claims and the
invention. : )

Having thus fully described our invention, what
we claim as new and desire to secure by Letters
Patent is:

3
part only of each gear tooth portion by a given
die member, and a punch having plural aligning
members adapted by mere engagement thereof
with guide holes in the gear wheel blank to guide
the tooth portions of the gear wheel blank in
rectilinear paths during the formation thereof,
means for spacing the working surfaces of at
least two of said dies from each other to form a
circular space between said dies, a closed passage-
way communicating with said space at one end of
said passageway and having means at its other
end for connection to a source for removal of the
die cuttings. '

2. A machine for producing gear wheels com-
prising & series of apertured die members having
corrugated walls of differing characteristics, the
walls of the earlier die members in the series
being adapted to form one part only of each gear
tooth and the walls of the later die members
being adapted to form a different part only of
each gear tooth, and a punch having projections
arranged to extend hehind the gear tooth portions
whereby to provide support for sald gear tooth

_portions during the formation thereof, means for

spacing the working surfaces of at least two of
said dies from each other to form a circular space
between said dies, 2 closed passageway including
apertures through said dies communicating with
said space at one end of said passageway and
having means at its other end for connection to a

. source for removal of the die cuttings.

40

3. A machine for producing gear wheels com-
prising a series of spaced apertured die members
having forming elements associated therewith,
the forming elements of the earlier die members
of the series being arranged to form the tip parts
only of each gear tooth and the later forming
elements being arranged to form the base parts
only of each gear tooth, and a punch having pro-
jections arranged to extend behind the gear tooth
portions whereby to provide support for said gear
tooth portions during. the formation  thereof,

- means for spacing the working surfaces of at

GO

least two of sald dies from each other to form a
circular space between said dies, a closed passage-
way communicating with said space at one end
of sald passageway and having means at its other
end for connection to a source for removal of the
die cuttings, one of said die members having a .
circular aperture enlargement communicating
with said closed passageway and located Inter-
mediate the ends thereof.

4, A machine for producing gear wheels com-
prising a series of spaced apertured die members
having forming elements associated therewith,
the forming elements of the earlier die members
of the series being arranged to form the tip parts
only of each gear tooth and the later forming
elements being arranged to form the base parts
only of each gear tooth, and a punch having pro-
jections arranged to extend behind the gear tooth

. portions whereby to provide support for sald gear

1. A machine for producing gear wheels com- _

prising a plurality of die members with corru-
. gated apertures arranged in succession, the aper-

tures being successively configured to remove a

tooth portions during the formation thereof,
means for spacing the working surfaces of at
least two of said dies from each other to form a
circular space between said dies, & closed passage-
way including longitudinal apertures through said
dies communicating with said space at one end
of sald passageway and having means at its other
end for connection to a source for removal of the

die cuttings.
WILLIAM L. HANSEN.
TRA N. HURST.




