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_ To all whom it may conc'ern;

UNITED STATES PATENT OFFICE.

LT

—

HERBERT C. WARREN, OF IIARTFORD, CONNECTICUT..

MACHINE FOR GENERATING GEAR-TEETH.

B A L ke— —

SPECIFICATION forming part of Letters Patent No, 559,011, dated April 28, 1896.
- lﬁpplicatidn filed Nweinher 5,3,1;'8':95. Eexjial No, _5_:6 7,982, (Hﬁ ;nndel;) N '

Be it known that I,;-I'IERBE_RTC.WARREN;_&

citizen of the United States, residing at ITart-
ford, in the county of Hartford and State,of
Connecticut, have invented certain new and

useful Improvements in Machines for Gener-

‘ating Gear-Teeth, of which the following is a

~ specification.
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- My invention .a,pperta,ins_ to -machin es for
generating gear-teeth, and it relates more par-
ticularly to that class of machines especially

designed for cutting the teeth of spur-wheels.

- One object of my present invention is to

furnish a machine of the class specified of im-

proved and simplified construction and or-

- ganization and which is especially adapted

. 20

for generating the teeth of spur-wheels with
rapidity, precision, and economy. o

- Another object of my invention is to furnish
an improved gear-tooth-generating machine
comprehending a reversibly-revoluble gear-
blank carrier and a continuously - rotative
and longitudinally-reciprocative cylindrical
or polygonal tooth-cutting. rack or multiplex

cutter, and to provide, in operative connec-
tion with the gear-blank carrier and tooth-
cutting rack, actuating mechanism in position.

~and adapted for continuously rotafing the

cutting-rack, and at the same time im parting
a rotary movement to the gear-blank carried

- by the carrier and a longitudinal movement

35

tothe cutting-rack simultaneously in coincid-

Ing directions and at the same peripheral ve-

locities, and also adapted for simultaneously

reversing the direction of movement of the

- gear - blank and cutting - rack at predeter-

40

mined points in the movement, of the cutting-

rack, and also for changing the relative trans-

~verse positionsof the gear-blank and cutting-
rack at predetermined points in the move-

ment of said cutting-rack, whereby the oper-

~ation of the cutting of the teeth in the oear-

- to provide, in codperative relation with a con-
- tinuously-rotative gear-blank carrier, in a

so machine of the class specified, an elongated

~ at every complete stroke of said rack.

blank will be continuous, and whereby the
cutting-rack will act upon the entire circuit
of the tooth-forming portion of the gear-blank

~ Another object of my present invention '_i's_

multiplex eutterof alength not less than the
peripheral length of the gear-blank carried

by the carrier, and supported with its longi- _
tudinal axis substantially at right angles to

the axis of the gear-blank carrier and adapt-

ed for rotation and for longitudinal recipro-
~cation, and means for continuously rotating

55

the cutter and for simultaneously imparting

a rotary movement to the gear-blank and a
longitudinal movement to the cutter in the
| same direction and at corresponding periph-
eral velocities and for effecting one complete
rotation of the gear-blank carrier to every

complete stroke of the cutter, as will be here-

inafter more fully deseribed. -
In the accompanying drawings, forming a

part of this specification, Figure 1 is a plan

view of a gear-tooth-generating machine em-

6o

bodying my present invention, portions there-

of being broken away to more clearly illus-

trate the construction and organization of

.70

certain of the details, the tooth-generating
rack or elongated cylindrical cutter being

shown in its extreme retracted position—the

position it ocecupies during its first operation

in cutting ablank. Fig. 2is a side elevation

of the gear-tooth-generating machine, seen

/3

from the under side in Fig. 1, a portion of

the bed of the machine being broken off and

the gear-blank and cutter being shown in the

shown in Fig. 2, the gear-tooth-generating
rack being shown in this figure near the end
of the forward movement. Fig. 4 is an end

8o

‘same position illustrated in Fig. 1. = Fig. 8is
a side elevation of the gear-generating ma-
chine, seen  from the opposite side to that

elevation of the gear-generating machine, -

seen from the left hand in Fig. 1. Tig. 5is

avertical sectional view of the machine, taken

in dotted lines o a, Fig. 2, looking toward the

right hand in Fig. 3. Fig. 6 is a plan view

o

of a portion of one end of the machine, par-
tially in section, and showing the general con-

shown in Fig. G, seen from the under side in

- | said figure, a portion of the framework being
shown in dotted lines. Fig. 8is an end view

of a portion of the mechanism which actuates

struction and organization of the reversing
{ driving mechanism and subsidiary elements.
Fig. 7 is a side elevation of the mechanism

95

100

the belt-shipper cam, seen from the right
hand in Iig. 7, a portion of the framework

‘being shown in dotted lines. Tfig. 9is a sec-

| tional end view of a portion of the gear-tooth-
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generating machine, showing aslightly-modi- | ment in a plane parallel to a line tangent to

fied form of synchronizing actuating mechan-
ism between the gear-blank carrier and cut-
ter-carrier.

By the term ¢ multiplex cutter,” as herein
applied, is meant a rotative elongated rack-
like cutter, of cylindrical or polygonal cross-
section, comprehending a multiplicity of cir-
cumferentially-disposed tooth-cutters, each
of a eross-sectional shape—in the the plane of
its axis of rotation—similar to a truncated

. wedge, and which cutters are separated from

20

30

40

45
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.shape suitable for

each other by a distance substantially equal

‘to the width of the teeth it is desired to gen- |

erate. 'Thistooth-cutter mayin practice con-
sist of a toothed ring, disk, or flange, of a
generating the required
form of gear-tooth. o

To generate the teeth of spur-gears in ac-
cordance with my present invention, it is de-
sirable that the gear-blank shall have a con-
tinuous uninterrupted rotative movement for
a distance not less than the peripheral length
of said blank, and that a multiplex cutter,
comprehending a  multiplicity of continu-

ously-rotative cutters, be moved into contact

and along with the gear-hlank in the same

direction and uninterruptedly for a distance .

equal to the peripheral length of the gear-
blank and with the same peripheral velocity,
to thereby generate a portion of each tooth of
the entire circuit of teeth at one cutting op-
eration; and 1t is further desirable that the
direction of movement of the gear-blank and
multiplex cutter be reversed at the end of

each and every complete rotation of the gear- -
blank, and that the multiplex cutter shall be

operable for performing its cutting function
1n both directions of its reciprocatory move-
ment, which may be accomplished by chang-
ing the relative transverse positions of the
gear - blank and cutter at predetermined
points in the length of the working stroke of
the cutter. ' -

As an instrumentality for generating the
teeth of spur-gears in accordance with my
present invention I have shown in the draw-

ings a theoretical adaptation of mechanism

for supporting the gear-blank and multiplex

cutter in proper codperative relation and for

auvtomatically effecting the requisite move-
ments of the gear-blank and cutter, to form

in said gear-blank theoretically-correct gear-

teeth by progressive and uninterrupted back-
ward and forward cutting operations of said
cutter. |

In the preferred organization thereof herein
shown and described my improved machine
for generating gear-teeth comprehends, in
part, a continuously-rotative gear-blank car-
rier, (designated in a general way by C,)which
18 supported for movement transversely of the
axisof a rotative tooth-generating cutter, and

~which is also sapported for adjustment in a

direction transversely to its own axis, a cut-
ter-carrier, (designated in a general way by
C’,)which issupported forreciprocatory move-

the periphery of a gear-blank, as G, carried

by the gear-blank carrier, a multiplex tooth- %o

generating cutter (designated in a general
way by C?) supported for rotation about an

| axis substantially at right angles to the axis

of the gear-blank carrier, and comprehending
a series of peripherally-disposed tooth-cutters
separated transversely, orin the plane of their
axes, by intervening tooth-formative spaces,
actuating mechanism for the gear-blank car-

| rier, cutter, and cutter-carrier, comprehend-

ing means for continuotisly rotating the mul-
tiplex cutter, also forsimultaneously impart-

ing a rotative movement to the gear-blank

and a longitudinal movement to the cutterin

| coinciding directions and with corresponding
| peripheral velocities, also for effecting one
complete rotation of the gear-blank carrier to

overy complete stroke of the cutter, and also
for simultaneously reversing the direction of
movements of the gear-blank and the cutter
and feed mechanism confrolled by the move-

‘ments of the cutter-carrier, and for automat-

ically effecting a change in the relative trans-
verse positions of the gear-blank and cutter,
all of which will be hereinafter more fully de-
seribed. ~ | |

The framework of my improved gear-tooth-
generating machine, which framework may

' be of any suitable general construction for

carrying the operative parts, consists, in the
preferred form thereof herein shown, of a

-main frame, (designated in a general way by

¥,) which frame supports the cutter-carrier
and certain elements of its subsidiary mech-
anism, and an overhanging auxiliary frame,
(designated in a general way by F',) which is
supported for vertical adjustment on the main
frame and supports the gear-blank-carrierand

| certainelements of its subsidiary mechanism.

The main frame F, or ‘‘cutter - carrier
frame,” as it may be hereinafter termed, is
shown in the drawings somewhat similar to
an ordinary planer-frame, it consisting of the
base B, having the usual longitudinal guide-
way 2 midway of its width, and having the
uprights B’ and B? located at opposite sides of
the bed and approximately midway between
the opposite ends of said bed, which uprights
B’ and B® have vertical slideways 3 and 4
thereon to receive the slides 5 and 6 on the
supplemental frame ¥, or *‘gear-blank-car-
rier frame,” as it may be hereinafter termed.

75

8o

Q0

95

100
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The blank-carrier frame ', which is shown.

- as a U-shaped frame overreaching the base

of the machine, has slides 5 and 6, preferably
formed integral with the ends thereof. These
slides are carried for vertical adjustment on

1235

the slideways 3 and 4, respectively, on the

uprights B’ and B% and are shown in the na-
tnure of sliding brackets having horizontal
bearings 7 and 8, formed, respectively, there-
in, the axes of which bearings are coincident
and are transversely disposed relatively to
the longitudinal axis of the base B of the ma-
chine, as will be understood by reference to

130



~ Figs.1to 5,inclusive, of the dra,wmm;
o bearmgs are 1ntended to receive the rotative i
~ gear-blank ecarrier, (demgnated in a general |
- way by C,) the constructwn and orfrmumtmn -
-of which gear-blank carrier will be herem-

10

These

after more fully described.

As a convenient means for adj ustmﬂ' the |
- Dblank-carrier frame F' vertically of the cut-
. ter-carrier fra,me I' to raise or lower the gear-.
‘blank carrier C, as hereinafter more fully de-

seribed, I have prowded in connection with

~ the blank—carmel frame, a suitable blank -car-
rier-adjusting mechamsm which, in the form |

thereof herem shown, conqlstb of two adjust-

ing-screws 9 and 10, Journaled in bearings at

1 thelr upper ends 1‘-’»" and 13 at opposite sides

- of the frame F', and having screw-threaded:
bearings at their lower ends in the upperends

~ and 10/, respectively, which mesh with simi-
lar: bevel-rrears 14 and 15 at opposite ends of

| 25

30

- may be rotated to raise or lower the blank- |

35 1

of the uprlghtq B’ and B? respectively, said

ad;]ustmtr-screws 0 and 10 being shown pro-

vided aft thelr upper ends with bevel-gears ¢’

a screw—actuatmrr shaft 16, journaled in hori-

zontal bearings 17 and 18 upon the upper end-
- of the blank-carrier frame at opposite sides
- thereof. Thisshaft16 has a cross-sectionally

angular end 16', extended beyond the inter-

- meshing gears a,nd adapted toreceive a crank
or other suitable tool, by means of which this

shaft and the connected adJustlnﬂ'-screws

carrier frame, as will be understood by ref-

erence to Fln's 1 to 5, mcluswe, of the draw-

Immgs.,

The cutter - carrier ¢ (shown somewhat

~ similar, in a general way, to an ordinary

40

planer-bed) is supported for ‘reciprocatory

movement on the guideway 2, and is shown |
having at opp031te ends thereof bearings 19
“and 19’ to receive the ends of the multiplex

- tooth—freneratmﬂ‘ cutter C?, the extended core

- or shaft of Wthh 18 Journa,led at oppos1te ends
~ for rotation in said bearings.

In the preferred form thereof Shown in the

drawings the multiplex tooth-generating cut-

ter C*comprises amultiplicity of tran sversely-

equidistant tooth-milling cutters 21, detach-

ably fixed to a shaft 20 which, as before

stated, i3 jour naled at oppomte ends thereof

for rotation in the bemmgﬂ 19 and 19' of the

~ cutter-carrier C'.

60

It 18 desired fo sta,te in the above conneu-

tion that while it is preferable to employ a

multiplicity of independent milling-cutters

and to practically secure them upon a shaft,
as 20, extending centrally the entire series ofl
cutters this (301’1‘%1 uction and arranﬂ'ement |
might be modified somewhat without depar- |
tme frommyinvention. Forconveniencethe
shaft 20 and the milling-cutters 21 thereon,
irrespective of the faet that the cutters may.
be separate from or form an integral part of
~the shaft 20, will be hereinafter referl ed toas.

‘““‘the multlplex cutter,”said multiplex cutter

bemn' somewhat i in the nature of a rotative |
_ 'cylmdrlca,l 1ack the teeth of whwh ha,ve cut- |

a tooth-space in a gear-blank.
In practice the multiple;x tooth-generatmn-

aggregate length, longitudinally of the axis

generated in the gear-blank at each complete

| tin rr—-fa.ces of a ,s-.hape adapted for frenera,tmg

'cutter C* will have its cutting-faces of an

‘thereof, not less than the peripheral length of
the wear-blank to be operated upon, and it
will be adapted for generating a portion of 7
each tooth of the entire circuit of teeth tobe

for ward and backw ard movement of said mul-;- R

tiplex cutter.

As a means for contmuously rot&tuw ‘the

So |

‘multiplex tooth-generating cutter durm cand

throughout the mclprocatory movemenm of

said cutter I have shown the _haft or core20 -
of said cutter furnished with aspur-wheel 22, -
which is geared with a pinion 24 throughthe

medium of the intermediate 1dle-—wheel 23, '
and this pmlon 24 has a hub 24’ ]'ournaledm' o

a bearing

25 upon an outwardly-ettendmw-
arm or bmcket 26 on the cutter-carrier C',
and is held in place 50 as to move with the
‘cutter - éarrier and bracket, preferably by
~means of an infer na,lly-screw-thleaded collar

3¢

27, serewed onto the end of said hub, as shown -

most clearly in Tig. 2 of the dr awmws This
‘pinion 24 18 splmed upon and is a».]a,pted to g3
"be moved 10ng1tud1nally of a cutter-rotating '
driven shaft 28, which is supported at oppo-
site ends in. bearmgs 29 and 29" upon the side
of a cutter-carrier frame ¥ of the: machine,
said shaft 28 being continuously driven in |

TG0

‘one direction throughthe medium of suitable

driving mechanism (demgnf:tmd in a general

way by D)and in a manner heremafter more a
fully described. '

Asa convement means for 1mpa,rt1nn' alon- 105

gitudinal rempmcatory moyvement to the cut-
ter-carrler said carrier is shown provided on -
its under side with a longltudmally-dlsposed-
rack 30, the teeth of which are in mesh with

a duvlnﬂ'-pmlon 31 on a driven shaft jour- 1
| naled in transverse bea,rmﬂ's 82 and 32’ on a

whlch shaft is fur-
nished at its outer end W1th a worm-wheel 33,

cufter-carrier frame I,

tio

which is driven by a worm 34 upon a drw-'- -

ing-shaft 35, journaled in suitable bearings
-upon the side of said frame, and which shaft. .

is rotated, first in one direction and then in S

an oppomte direction, to advance and retract .
‘the cutter-carrier by means of the driving
mechanism D, which also actuates the cutter- 120
rotating shaft which driving mechanism is -
hérein. shown in the nature of reversing driv- .

ing mechanism, and will be hereinafter more .

fu]ly descrlbed

The gea,r blank carrier C in the plefeued "
--constmctlon and Grfra,mzatlon herein shown

25

and described, comprehends in part, two .
axially - commdent longitudinally -separable
members 36 and 37, adjustably connected to- -

gether, as heremaftel more fully deseribed,

y. '136' 'j .

for movement together in the plane of their

tlplex cutter C2,

‘longitudinal axesand transversely of themul- o
These members are shown -
conma,lly 1ecessed as’ at 38 and 38’ , ab thelr o

115
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inner adjacent ends, to receive the conieal
cends 89 of an arbor 40, which supports the
gear-blank G, said arbor practically consti-
tuting a connector between the two carrier
members 36 and 37, and being held in place
by means of clamp-rods 41 and 42, which ex-
tend through axial bores in the two members

- 36and 37, respectively, of the carriers. These

IO

having the heads 41’ and 42’ thereof in bear-

20

30

- carrier in synchronism with the reciprocatory

movement of the multiplex cutter said gear- ;
blank carrier will be actuated directly from

rods are in the nature of elongated bolts hav- |

ing screw-threaded bearings at their inner
ends in the opposite ends of the arbor, and

ing engagement with the outer ends of the
rotative carrier members 36 and 37, respec-
tively. - -

One of the carrier members, as 36, is shown
journaled for rotation in a rack-like sleeve
43, supported for reciprocatory movement in
a horizontal bearing, as 7, at the lower end
of the blank-carrier frame F', whereas the
other carrier member, as 37, is shown splined

forlongitudinal movementin a rotative sleeve |
44, journaled in a horizontal bearing, as 8,

located at the lower end of the blank-carrier

frame F’; in axial alinement with the bearing
, This last-mentioned
- sleeve 44 is held against reciprocatory move-"
~ment in the bearing by suitable flanges at
the ends thereof, as shown in the drawings.

7 before referred to.

 For the purpose of rotating the gear-blank

~and eontrolled in its movements by the cut-

35

ter-carrier, and as a means for effecting the -
requisite synchronous movementsof the gear- -
blank carrier and cutter-carrier said gear-:

~ blank carrier is shown operatively connected

40

45

55

6o

65

with the cutter-carrier by means of synchro-
nizing actuating mechanism, (designatedin a

general way by S.) This synchronizing actu--

ating mechanism S, which practically consti-

tutes. an actuating -connector between the

gear-blank carrier C and cutter-carrier (',
may, in the simplified form thereof shown in
Fig. 9, consist of arack 45, fixed to the up

ter-carrier at one side the axis thereof, and
a spur-wheel 46, removably fixed to a rota-
tive member of the sleeve 44 of the gear-

blank carrier and meshing with the rack 45

of the cutter-carrier. In this form of syn-
chronizing mechanism the spur-wheel 46,

- which practically constitutes a pattern-wheel

for securing, in connection with the rack 45,
the requisite ratio of movement between the
gear-blank carrier and the cutter-carrier, will
in practice be of the same diameter and have
the same number and form of teeth as the
gear-wheel having its teeth generated. ,

In the form thereof shown in Figs. 1 to 5,
inclusive, the synchronizing actuating mech-
anism between the gear-blank carrier and
cutter-carrier is of more complex character,

the rack 45 on the cutter-carrier and the spur-

“ wheel on the gear-blank carrier being shown,
in this instance, separated and operatively

per
Tace and extending longitudinally of the cut-

[

connected together by means of suitable in-
termediate gearing (herein shown as a pinion
48) carried at the inner end of the driven

shaft 49 and meshing with the rack 45, this

shaft 49 being journaled in suitable bearings
with the main frame and carrving a pinion 50

' at the outer end thereof, which meshes with

an idle-wheel 51 of relatively large diamever,
mounted on a stud 52, adjustably fixed to an
arm 53, which in turn is shiftably supported
on the shaft 49 and is adapted for adjust-
ment in a plane concentrie to the axis of said
shaft, an idle-wheel 54, of relatively small di-
ameter, also being carried on the stud 52 and
meshing with the spur-wheel 46.

In the organization of synchronizing actu-
ating mechanism described in the last pre-
ceding paragraph it is necessary to substi-
tute different sizes of idle-wheels 51 and
54 when it is desired to adapt the machine
for cutting and generating gear teeth and
blanks of different diameters, so as to main-

tain the requisite ratio of velocity between

the gear-blank carrier and cutter-carrier,
whereas with the modified form of synchro-
nizing actuating mechanism shown in Fig. 9
it i8 necessary to apply a different rack 45
and a different spur-wheel 46 for every differ-
ent-sized gear-blank to be cut. :

As a means for adjusting the arm 53, which
carries the idle-wheels 51 and 54, 8o as to per-
mit larger or smaller idle-wheels to be placed
in operative relation with the spur-wheel 46
and the pinion 50, said arm 53 has a slot 53’
at one end thereof, which is concentric to the
axis of movement of said bracket, through
which slot is extended a clamping-bolt 53",
which has a screw-threaded bearing in a fix-

70

75

80

Q0

ICQ

105

ture of the main frame of the machine, as .

will be readily understood by reference to
Figs. 2 and 5 of the drawings, and as a means
for facilitating the adjustment of the idle-
wheels longitudinally of the arm 53 said arm
has a longitudinal slot 55, through which the
stud 52, on which theidle-wheels are mounted,
18 extended, said stud being screw-threaded
at oneend and furnished with a nut, by means
of which said stud is held adjusted in posi-
tion on the arm 53.

In the drawings (see Figs. 1, 2, 4, 5, and 9)
I'have shown two separate gear-blanks G G,
carried upon the arbor 40 in position to be
operated upon by the multiplex cutter C?,
and as a means for tightly clamping said
blanks in position upon the arbor 40 said
arbor 1s shown peripherally flanged, as at 40',
at one end to form an abutment for the outer
face of the hub of one of the gear-blanks, and
is externally screw-threaded at the opposite
end to receive the clamp-nut 40", which bears

‘against the outer face of the hubs of the other

of said gear-blanks, as shown most clearly in
Figs. 4 and 5.

As a convenient means for automatically

feeding the blank or blanks G, together with

110

II5

I20 -

125

130

the blank-carrier C, transversely of the mul- -

tiplex cutter C? at the requisite point in the
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advancing or retracting movement of the cut- | llends means for eontmuouely rotating the

‘ter, the sleeve 7, in which the carrier member

n

~ion 57, fixed to a hor lzonta,lly-dlsposed shaft
| -Journa,led in suitable bearings in a bracket
on the blank-carrier frame F’ said shaft be-

1O

- 36isjournaled for rotation, ,isshown furnished
- with a rack 56 at the lower face thereof and
longitudinally disposed relatively to the axis

of said sleeve, which rack meshes with a pin-

ing provided at its outer end with a worm-

e by a worm 59, splined for longitudinal move-

" movement by suitable collars

.20

ment on a feed-shaft 60, which is journaled

at its lower endin a beermn‘ on a bracket 60,

~constituting a ﬁxtule on the cutter- earmer

frame F, end is held against longitudinal

At the lower
end thereof the feed-shaft 60 is prewded with

~ a feed-wheel 61, (hereln shown as a ‘‘star-
wheel,”) havmﬂr a series of radially-disposed |
arms 61’, in poeltwn to be engaged by abut-

- ments on the cutter-carrier durmn' the for-
- ward and backward movements ot sald cut-

ter-carrier.

. spectively) are edJ ustably secured to the suie
- of the cuatter-carrier, preferably in the man-

~ distance apart substentlally

ner shown in Fws 3 to 5, meluswe and at a

One of said feed- wheel actus

- ating abutments or stops, as 62, is shown lo-

35

cated near the rear end of the eutter-emuel

and is adapted for engaging and for partmlly'

rotating the feed- wheel near the end of the
advenemn" movement, or preferably at the
end of the effective adveneln@ stroke, of the

~ cutter-carrier, to thereby feed the gear-blank
~inward relatively to the multiplex Ccutter and

- 40

| posmon to be operated upon by

bring another portion of the gear-blank into
the cutter

~ upon the retractive stroke of said cutter, and

the other of said abutments or stops, as 63,

- is located near the forward end of said cut-

4

~ond of the retractive movement of the cutter-
- - carrier to bring another portion of the gear- |
blank into the position to be operated upen'

_'*50

ter-carrier, and is adapted for engaging and
for partla,lly rotating the feed-—wheel et the

by said cutter during the next advancing

‘movement of said eutter as will be rea,dﬂ}

understood by reference to IKigs. 3 to 5 in-

clusive, before referred to.

55

60

- tracting movement altor nately
~ carrier ¢ simultaneously with the rotation of

o a change
“in the direction of said cutter, may eonsleb ef

The' drivi ing mechanism (desvmated in a
general way b}? D) for effecting a continuous
10tet1011 of the multiplex cutter CF i in one di-
rection and for effecting an advancing and re-

of- the cutter-

the cutter C?, and without effecting

~ any suitable reversing dlwmﬂ mechanism in

. oper et,we connection with the cutter-rotat mn"
- shaft 2

, which conftrols the o‘mtion of t.he
euttel a,nd with the worm or dri iving shaft 39,

- whlch controls the reciprocation ef the ent-

ter-—ealuel and Whlc‘h mechamem eemple-

“tions.

rotating the fast

These feed-shaft-actuating abut- |
ments or stops (demfmeted by 62 and ¢ 63, re-

equa,l to the
length of the requisite effective stroke of the:
.euttel -carrier.

“cutter actuating and controlling shaft 28 in
~one direction and for alterna,tely rotating the
‘worm or driving shaft 35 in opposite direc- |
~In the form thereof herein shown this

70_ |

_drwmw mechanism D comprises a fast pulley

65 on the worm-shaft 35, two loose pulleys
66 and 67, one at-each side of said fast pul-
leyand two driving-belts, a straight belt and a

“twist-belt 68 and 69, respectively, (shown in
. wheel 58, which meshes with and is actuated

as will be hereinafter more fully deseribed.

‘dotted lines in Figs. 2 and 4,) which may lead
-to the usual driving-pulley on the main shaft,
(not shown,) and which belts are ada,pted for
pulley 65 alternately in op-
‘posite directions when said belts are shifted
-alternately on and off said fast pulle y 65, which
‘may be automatically effected by means con-
‘trolled by the movement of the cutter-carrier,

As a means for continuously rotating the

direction and in synehromsm with the rota-
tion of the cutter-carrier-actuating shaft 35,

, fixed to the locse pulley 66, being

73 on the loose pulley 67 being geared to the

pinion 71 by means of one intermediate idle-
‘wheel 71’.
pulley 66 .is in geared conneetion with the
cutter-actuating: shaft 28 by a train of gears
adapted for rotating said shaft in the same
direction that the pulley 66 rotates, whereas
the loose pulley 67 is in geared connection
“with this shaft 28 by a train of gears adapted

Thus it will be seen that the loose

for rotatlnﬂ' sald shaft in a reverse direction

from that in which said pulley 67 rotates.

Therefore, uetmthstem]mw the fact that the

eutter-actuatmw shaft 28 constantly in one

90
irrespective of the direction of movement of -
said shaft 35, the shaft 28 has fixed thereon
{two pinions 70 and 71, located one adjacent
to the outer face of ea,eh loose pulley 66 and
67, as clearly shown in Figs. 1, 2, 6, and 7,
;_and sald loose pulleys have | pmmns 72 and 73 o
-fixed concentrically thereto, respectively, the_ |
one 72
| geared to the pinion 70 by means of two in-
termediate idle-wheels 70’ and 72, and the one”

95
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loose pulleys 66 and 67 are rotated by the

belts 68 and 69, respectively, alternately in
reverse dlrectlons, the direction. of rotation
of the cutter-actuating shaft, which is directly
controlled by said loose pulleys remains un-
changed. Normally the belts 68 and 69 are
so disposed relatively to each other and to
the three pulleys 65, 66, and 67 that one of
| said belts extends over the tight pulley 65
and the other of said belts extende over one.
or the other of the loose pulleys 66 and 67,
and as a means for automatically shifting
said belts 68 and 69 together or separately, as
required for reversing the direction of rota- -
tion of the eutter-—eauler -actuating shaft, or
for stopping the rotation of said sh&ft I have
-,p1 ovided a belt-shifting meehamsm, which,
in the pr eferred form theleof herein shown
comprises suitable shipper-levers 75 and 70
~which engage the belts 68 and 69, respec-
tively, and are mlued at their lower ends
upon rock- s}mfls 75 and 76’y journaled in

'115. :
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suitable bearings transversely of the main
frame of the machine, and having cranks 75"
and 76" at the opposite ends thereof with pro-
jections engaging in cam-slots 77' and 78,
formed in shipper-cams 77 and 78, which are
supported for sliding movement in a suitable
slideway 79 on the side of the main frame F
of the machine. .

The instrumentality preferably employed
for operating the shipper-cams 77 and 78 is
shown consisting of an actuating-rod 80, jour-
naled for sliding and rotative movements in

suitable bearings in the frame F in paral-

lelism with the path of longitudinal move-
ment of the cutter-carrier, said actuating-rod
being provided with two transverse cam-ac-

end of the two cams, and one of said arms
being. adapted, when in the position shown

in Figs. 4 and 5 of the drawings, for engaging

both cams and for shifting said cams together
in one direction when the actuating-rod is
moved longitudinally in that direction, and
the other of said arms, when in this position,
being adapted, when the shaft is moved in
the opposite direction, for shifting both cams
in a reverse direction. The cam-actuating

‘rod will' be automatically operated, prefer-

ably, at or near the extreme ends of the longi-
tudinal movement of the cutter-carrier by
means of stops 83 and 84, adjustably secured
to and near the opposite ends, respectively,
of the cutter-carrier, which stops are in the
position for engaging, near the opposite ends
of the strokes of the cutter-carrier, an abut-
ment 85 on the cam-actuating rod SO and for
moving sald rod longitudinally in opposite
directions alternately, to thereby shift the
shipper-cams 77 and 78 together first in one
and then in the opposite direction, thus ac-
tuating the rock-shafts and throwing the belts

- 63 and 69 alternately onto the tight pulley 65,

- effecting a change in the direction of rotation

6o

05

and thercby alternately rotate the carrier-

actuating shaft 35 in opposite directions, and
effect an automatic reversal in the direction
of movement of the cutter-carrier, without

of the multiplex cutter C2 -

As itis sometimes desirable to stop the lon-
gitudinal movement of the cutter-carrier, as
when the generation of the teeth in the gear-
blank has been completed, I have provided,
in connection with the shipper-cam-actuating
rod, an automatic stopping device controlled
by the mevement of the gear-blank carrier C
transversely of the cutter C®. This means,
in the form thereof herein shown, consists of
a rock-shaft 86, having a sliding fit in a jour-
nal 86’ on the blank-carrier frame F’ and hav-
ingitslowerend journaled in a bearing on the
cutter-carrier frame F, as shown most clearly
in Figs. 3,4, and 5, and an actuating-arm
87, splined to the shaft 86 between abutments
on the frame I and having its outer free end
located in the path of movement of a projec-
tion 88 on the gear-blank carrier ¢'. This

ing rod 80 by a.crank connection, (design

mck-shafb 86 is operatively connected at its
lower end with an arm 89 on the cam-actuaia
ate

in a general way by H,) which may be of any
suitable construction for partially rotating

‘the cam-acétuating rod upon a partial rotation

of the rock-shaft 86, as will be understood by
reference to Fig. 4 and also to Figs. 6, 7,and
8. This crank connection is 80 arranged as
to rotate the rod 80 in a direction required
for throwing the cam-actuating arms 81 and
82 downward, so as to engage only the lower

cam upon the longitudinal movement of the

cam-actuating rod 80, asis required for shift-

7€
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ing one of the belts, as 68, independently of
the other belt onto the loose pulley, and there- -
tuating arms 81 and 82, one adjacent to each | by stop the rotation of the cutter-carrier-ac-

tuating shaft 30 immediately upon the opera-
tion of the automatic stopping device by the
gear-blank earrier.

Itisdesired to state in the above connection
that the mechanism employed for actuating
the cutter and cutter-carrier and the mech-
anism employed for automatically reversing
the direction of movement of the cutter-car-

rier and for automatically stopping the cut-

ter-carrier may be variously modified within
the scope and limits of my invention, and
also that the means for effecting the requisite
ratio of movement between the gear-blank
carrier and cutter-carrier may be variously
modified without departure from my inven-
tion. | |

The invention is obviously not limited to a

cutter-carrier reciprocating in a right line,

but comprehends any movable cutter-carrier
capable of connection with the gear-blank
carrier for the purpose stated.

Having thus described myinvention, what

I claim ig—- o -
1.: The combination of a reversibly-rotative
gear-blank carrier; a reciprocative cutter-car-
rier; and actuating mechanism for synchro-
nously moving the gear-blank carrier and
cutter-carrier, first in one and the same direc-

%°
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tion, and then in the .opposite and the same

direction, at comparative velocities of a pre-
etermined ratio.

~. 2. Thecombination of arotative gear-blank

| carrier; actuating mechanism for rotatingthe

gear-blank carried by the gear-blank carrier,
first in one, and then in the opposite, direc-
tion; a rotative, multiplex, tooth-generating
cutter in operative relation with the gear-
blank carrier; means for continuously rotat-
ing the multiplex cutter; and means for mov-

II5
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ing the cutter endwise at substantially the °

same speed as the pitch-line of the revolving
blank in which the teeth are to be cut, and

first in one, and then in the opposite, direc-.

tion, corresponding to the directions of move-
ment of the gear-blank.

.3. In a machine for generating gear-teeth,
carrying and rotating means fora gear-blank,

in ecombination with a multiplex cutter of a
length not less than the peripheral length of
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the blank to be cut; a mova,ble cutter-carrier;

and means actuated by the cutter-carmer for'

rotating the blank- -ecarrier.

4, The combination of a rotatwe frear«-blank- |

carrier; a reciprocative cutter-carrier sup-
ported in operative relation with the gear-
“blank ecarrier; a 1‘013&131%, multiplex cutter
carried by md carrier, and having its effect-
ive stroke of a length ‘not less than the pe-

10 1*1phera,1 Iength of the gear-blank in which

_.'15

the teeth are to be ﬂ'enemted and synchro-

nizing actuating mechamqm for rotating the

‘gear-blank carrier and cutter, and. for im-
pm'tmﬂ' to the cutter an endmse working
stroke of a length not less than the perlpheraJ

length of the ﬂear-blanh in which the teeth
are to be frenemted, at each eomplete rota- |

tion of the gear-blank carrier, and in the di-

rection of 1‘013&’[1011 of the gear-blank carrier,

R -vo and at right angles to the axis of said carrier.

B, The combm ation of a reversibly-rotative

~ gear-blank carrier; a reciprocative cutter-

 '=5

35

~ movements of the cutter-c
103113 changing the relative transverse rela-
tlons of the gear- blmlh earrlu" and cutter-

40

RE

50 the gear-blank at each stroke of the cutterf

and at each complete rotation of the gear-
blank; means for coutinuously 1'0ta,tuw the
multiplex cutter; and feeding mechanism for
“automatically clmnfrmﬂ' the relative trans-
verse relation of the gear-blank and cutter
_intermediate to successive euttmw 9tr0kes ofﬁ

Sa

carrier; a rotative, llllﬂtlple;& cutter carried
by said eutter-carrler, actuating mechanism
for synclironously rotating the gear-blank
carrier, first in one dn'ectmn and then in the

0pp()51te direction, and for simultaneously
~ rotating the.multiplex cutter and at the same
- time moving the same longitudinally at a ve-
30 locity correspondmfr substantially with the
- .piteh-line velocity of the blank in whlch the

teeth are to be generated, and first in one and

then in the 0pp031te dlreetlon coinciding
with the dlrectlons of movements of the-

blank-carrier; and means controlled by the
carrier for automat-

m‘rler
6. A machine for ﬂenemtmw gear- teeth

- eomprehendinga multlplex cuttor of a,lenﬂ*th
not less than the peripheral lenn*th of Lhe3
- gear-blank in which the teeth are to be gen-
emted a carrier for the gear-blank; actuat-
g meelmmsm for imparting to the cutter

and gear-blank a motion corresponding to the

1110131011 of a rack and an mtermeshmg, rotat-

ing pinion, and for moving said cutter a dis-
tance not less than the perlpheml length of

| smd cutter.

60 cutter -

K

In a machine of t]1e class bpeclhed a 1‘0-2
ta,twe gear-blank carrier and a reciprocative
supported, one above the:

carrier,
“other, with theu' axes of movement in planes

- mterbectmﬂ* each other; in combination with
. means for 1‘eclprocatmw the cutter-carrier;

~and an aetu‘ttnw-connector between, and op-

eratively connectmg, the gear-blank and cut-:
ter-carrler a,ud adapted for rotatuw the ﬂ'ea,r-_;

_comprehendm

bla.nk carrier in synehromsm with the move-
ments of the cutter-carrier, and for establish-
ing a predetermined ratio 'of movement be-
tween said cutter-—carrler and wea,r-bla,nk car-
rier.

8. A maehme for | ﬂ'eneratlug gear teeth

carrying member, one of which carrying mem-
bers is in- opera,twe connection with, a,nd 18

directly actuated by, the other in the same
direction and at comparative velocities of a
predetermined ratio; and mea,ns for act11 ating
~one of said members.- - |

9. A machine f01*-tfenerat1nﬂ gea,r teeth
a rever&bly—rotatwe blank-
carrying imember; a reciprocative cutter-car-

1rying member 111 direct geared connection:
with the blank-carrying member and having.
the plane of its movements tmnsverse to the

axis of rotation of the blank-carrying member
and a rotative multiplex cutter carried by the

cutter-carryingm ember; actuating ineans for
1‘0@1p1'oeat1nw the cutter-carrying member;

: éomprehendmw an axially-rotative cutter of B
-a length not less than the pempheral length
of the blank to be cut, a rotative frear-blanls.-

15
carrying member and a reelprocatwe cutter- .

8o

00

and means for rotating the cutter Slmulta,ne- |

ously with the reelproc&t01*y movement of the

cutter-carrying member, sub%tantlally as de-
scribed.

10. In 2 machine for generating ge&r teeth

a rotative gear-blank-carrying member zmd
a 1'eelp1'oeat1ve cutter-carrying member, one

of which is in operative connection with, and

is directly actuated by, the other; means for

actuating one of said members; ‘and means

| 0011131 olled by one of said members for chang-

ing the relative transverse relations of the
two members, substantmlly as desembed and
for the purpose set forth. |

- 11. In g machme for “enel‘&tlnﬂ‘ ﬂ'ear-teeth |
a rotative carrier for the ﬂ‘ear-bla,nk a cut-
ter-carrier supported for ]onn'ltudma,l move-

ment in-a plane transverse to the axis of the
gear-blank carrier; a longitudinally-disposed

_mck on the cutter- -carrier; a spur-wheel on

95

I00

Ibs.'  :

110 -

the gear-blank carrier in n*ea,red connection

with the rack on the cutter-carmer- and ac-
tuating mechanism for imparting lonﬂ'ltudl-

nal movements to the cutter-carrier, substan-

-'IIS

tially as descrlbed and for the purpose set

_forth

12. Ina macllme for n*eneratmcr gear -teeth, .
-a rotative ﬂ‘ear-blank carrier and a lonﬂ'ltudl-

nally—mov&ble cutter-carrier supported with

their axes of movement in relative transverse

120

planes; a rack onthe cutter--ea,rmer- a pinion

on the gear-blank carner in o'ea,red connec-
tion wwh the rack on the cutter -carrier;’ a
rotative multiplex cutter carried by the cut-

ter-carrier with its axis of rotation transverse
to the axis of the gear-blank carrier; actuat-
‘ing mechanism for imparting Iongltudlllal

movements to the cutter-carrier; rotating

‘mechanism'in connection W1th the cutter; and
feedmcr mechamsm for effectmg a change in
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- the transverse relations of the gear-blank car-

IO

20

rier and eutter, substantially as deseribed,
and for the purpose set forth.

"13. In amachine for generating geer-teeth
arotative gear-blank carrier; amultiplex eut-
ter supported for rotation in longitudinal
movement below, and with its axis in a plane
at right angles to, the axis of the gear-blank;
reversing driving mechanism for rotatm g the
cutter contmuously in one direction, and for

‘moving the same longitudinally, ﬂrst in one,

and thenjn the opposite, direction; and ac-
tuating mechanism for rotating the gear-
blank carrier, first in one dlreetmn and then

in the opposate direction, in synchronism and

coinciding with the dlreetlone of movement

of the cutter, to establish a uniform periph-
eral velocity between the cutter and the gear-
teeth in which the teeth are to be generated.

14. In & machine for generating gear-teeth,

a rotative gear-blank carrier; a reciprocative

cutter-carrier having its plane of movement
transverse to the axis of the gear-blank car-
rier and a rotative multiplex cutter; in com-
bination with reversing driving mechanism
in connection with, and adapted for moving,

- the eutter-carrier longitudinally, first in one,

20

33
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and then in the opposite direction; cutter-ro-
tating mechanism in connection with, and
adapted for continuously rotating, the cutter;
gearing intermediate to, and operatively con-
necting, the reversing driving mechanism and
the cutter-rotating mechanism; synchroniz-
ing actuating mechanism intermediate to, and
operatively connecting, the gear-blank car-
rier and cutter-carrier, and ed apted for estab-
lishing a predetermined ratio of movement
between the gear-blank carrier and the cutter-
carrier; and feeding mechanism controlled
by the longitudinal movements of the cutter-
carrier for effecting a change in the trans-
verse relation of the gear-blank carrier and
cutter-carrier, substantially as deseribed, and
for the purpose set forth. |

15. In a machine of the class specified, the

. combination of a cutter-carrier frame; a cut-

50
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ter-carrier supported for longit*udinal move-
ment on said frame; a rotative multiplex cut-
ter carried on sald cutter-carrier with its axis
in the plane of longitudinal movement of the
cutter-carrier; a gear-blank-carrier frame
supported on the cutter-carrier frame for ad-
Justment vertically thereof; adjusting means
for said blank-carrier freme a rotative gear-
blank: carrier supported on the blank-carrier
frame with its axis transverse of the path of
movement of the cutter-carrier; and actuat-
ing mechanism for synchronously moving the
gear-blank carrier and cutter-carrier, the first

rotatively and the other longitudinally in the.

same direction and at comparative velocities
of a predetermined ratio.

16. In a machine'of the class specified, the
combination of a cutter-carrier frame; a hori-
zontally-disposed cutter-carrier supported for
longitudinal movement upon said frame; a

multiplex cutter rotatively carried on the cut- |

|

| 559,011'

ter-carrier with its axis in the plane of the

longitudinal movement of the cutter-carrier
and transversely of a gear-blank carrier; a

gear-blank-carrier frame supported on the
cutter-carrier framefor adjustment vertically
thereof; adjusting means for said blank-car-
rier frame; arotative gear-blank carrier sup-
ported on the blank-carrier frame with its

axis transverse of the path of movement of

the cutter-carrier, and for adjustment trans-
versely of the multiplex cutter; synchroniz-
ing actuating mechanism operatively con-
necting the gear-blank carrier and cutter-car-
rier, and controlled by the movements of the
cutter-carrier for establishing a predeter-

mined ratio of movement between the gear-
blank

mechanism in connection with, and adapted
for moving, the cutter-carrier and the cutter

carrier and cutfer-carrier; actuating

70
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thereon transversely of the plane of the axis .

of the gear-blank carrier; rotative mechanism
for the cutter; and means controlled by the
movement of the cutter-carrier for intermit-
tently feeding the gear-blank carrier trans-

versely of the cutter.

17. In a machine for generating gear-teeth,
a rotative gear-blank carrier, and a longitudi-
nally -movable multiplex cutter supported
with their axes in a plane transversely of
each other; in combination with actuating
mechanism for rotating the cutter, and for
simultaneously moving the cutter Ton gitudi-
nally, and the Ue&r—bla,nk carrier rotatwely,

in the same direetion at comparative veloci-

ties of a predetermined ratio; reversing
mechanism for intermittently reversing to-
gether the longitudinal and rotative d1ree-
tions of movements of the cutter and gear-
blank carrier, respectively; feeding mechan-
ism controlled by the longitudinal movements
of the cutter for automatically and intermit-
tently moving the cutter-carrier transversely
of said cutter; and a stopping mechanism
controlled by the movement of the cutter-
carrier transversely of the cutter for auto-
matically stopping the longitudinal move-

00
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ment of the cutter at a predetermined point -

in sald relatively transverse movement of the
oear-blank carrier.

18. In a machine for generating gear-—teeth
the combination with a rotative gear-blank
carrier adapted for carrying the gear-blank
in which the teeth are to be generated; of a
rotative,multiplex cutter supported for move-
ment in the plane of its longitudinal axis and
transversely of the axis of the gear-blank car-

rier, and comprehending a multiplicity of rel-

atively transversely-separated polygonal cut-
ters, in axial alinement and of an aggregate

cutting length, longitudinally of said axis, not-

less than the peripheral length of the gear-
blank in which the teeth are to be generated;
a cutter-carrier; and means connecting sald
carriers, substantially as described.

19. A rotative mnultiplex cutter of a length

notless than the peripheral length of the blank
to be cuf, and a movable cutter-carrier in.

11
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" combination with a ﬂ"e::?l;I*-blenk earrler, and the two carriers and by which one earner 1e ':

_ 559,01-1 B

) mechamem eonnectmg sald carriers.

10

20." A rotative multiplex cutter of a length

‘not less than the peripheral length of the_ |
5 blank to be cut, and a movable eutter-carller “

in combination with a gear-blank carrier;

~ mechanism connecting said carriers; and
- Means for moving one of said carriers trans- |

Versely
21. An a11ally-rota,tlve cutter of a lenﬂ'th

notless than the peripheral lengthof the blank.
‘to be cut, and a carrier on which said cutter

18 supported, in combination with a.gear-

- 15

‘blank carrier; and means for mown o the gear-
‘blank carrier trausversely
22, A gear-tooth-generating machme comn-

prehending an axially-rotative multlplex cut- |

“ter of a length not less than the peripheral

length of the blank to be cut; a carrier by |

20 which said cufter is eupperted a gear-blank

earmer and mtervemnw means eenneetmn'

9

actuated by the other carrier.

23. A reciprocative carrier,and an axmlly- .
rotative cutter journaled thereon s In combi-
nation with a gear-blank carrier an actuator
connecting said carriers; means for moving

one carrier beneath. the other carrier; and
means for reversing the dlrectmn of move-

| ment of one of sald carriers.

24. A movable carrier and a multiplex cut-

length of the blank to be cut, carried thereby;

|in combmetmn with a gear-blank carrier;
| means for moving one carrier traneversely

with relation to the other, and gearing con-
necting: S&ld carriers.

HERBERT C WARREN

Wltnesees. D
FrED. J. DOLE :
EMORY C. WHITNEY
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| ter of a length not less than the peripheral
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