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To all whom it may concerw:

Be it known that I, JIERBERT C. WARREN,
States, residing in
Hartford, 1n the county of IHar tfmd and Sta,te
of Connectmut. have invented certain new
and useful Impmvements in Machines for
Generating Gear-Teeth, of which the follow-
ing is a specification.

This invention appertains to a ma,chlne for
cenerating gear-teeth; and it relates more

and deseribed in-my prior patent, No. 547,571,

and also in my contempomneously-pendmfr'

application, Serial No. 612,394, to which ref-
erence may be had, and whmh machine em-
bodies an oscﬂlator} or rotary reciprocatory
oear-blank carrier, an oscillatory cutter-car-
rier, a rotary cutter car ried by the cutter-car-
rier, and means for actuating the two carriers
in synchronism.

1The obJect of my present invention is to

provide in a machine of the class specified
ed means for effecting

improved and simpli
comparative movements of a predetermined
ratio between the cutter-carrier and gear-
blank carrier and to so construct and organ-

ize the parts thereof that the ratio of move-

ment between said carriers cannot be changed
by carelessness of workmen in adjusting the

parts of the machine or by the jarring of the

machine, but, on the contrary, can only be

changed by the removal and replacement of

the parts which- dlreetly e
ratio.

To this end my improved machine for ogen-

erating gear-teeth comprises two carriers sup-
ported for oscillatory movements, with: their

axes In oblique disposition relatwely to each

other, an actuating-connector between and
directly connecting the two carriers and em-
bodying two oscillatory members operatively

connected together, and means for actuating

one carrier and thlouﬂ‘h 1}116 connector the
other carrier.

In the drawings accompanying and form-
ing part of this specification, Figure 1 is a
plan view of a portion of a machine for gen-
erating gear-teeth embodying my present in-
vention. Fig. 2 1s a vertical cross-section
taken in the lme a a, I'ig. 1, looking toward
the right hand in said ﬁgﬂ*me Iig. 3is a side

view of the main portion of the cutter-carrier |

' detached. |
| machine as seen from the left in Fig. 1, the
‘blank-carrier and a portion of the framework
being .removed. Iig.H 18

fect the chanﬂ‘e of-

Fig. 4 is a front clevation of the

| _ a side elevation,
partially in section, of a portion of the ma-
chine as seen from the right hand in Fig. 4;

and Big. 6 is a vertical cross-section of the

cutter-slide carrier, showing portions of the
cutter-slides and- the feed-wheel and feed-

screws in connection therewith.

Similar characters designate like parts in
all the figures of the drawings.

Bueﬂy stated, my 1mproved apparatus for
generating gear - teeth preferably embodies

gear-blank carrier, a connector between and

_dlreetiy (30111’16(313111'«'3" the two carriers, a rotary

cutter carried by bhe cutter-carrier, means for
rotating said cutter, and means for i imparting
an oscillatory movement to one of the car-
riers to thereby effect, through the medium
of the actuating-connector between the two

.ca,rners an oscﬂlatm y movement of the other

carrier.
The term ** 08(3111.5—1130137 movement” as here-

1in apphed tothecutter-carrier and gear-blank

carrier is used to avoid prolixity and signi-
ies any curvilinear or rotary 1eemroeatory
movement of said carriers.

The apparatus illustrated in the aceom-

panying drawings is especially designed for

ﬂ'eneratmﬂ' the teeth of bevel-gears.
~In gener atmﬂ' teeth of bevel-ﬂ‘ears, owing
to the fact that the spaces between the teeth

are of gradually-reduced width toward their
geometrical apexes, it is not only desirable,
but it is conducive to theoretical correctness,

to form only one face of each tooth at one

time and to employ a cutter which is very

55
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‘an oscillatory cutter-carrier, an oscillatory

75

30

Qo

thin and adapted for freely passing through -

| the narrowest part of the tooth-space. There-
fore for this purpose and also forthe purpose

of facilitating the operation by g cenerating a
complete circuit or the entire complement ol
teeth at each complete rotation of the gear-
blank and obviate the necessity of 1*epet1t1011
of the operation to form 0ppos1te faces of suc-
cessive teeth I have shown in the drawings
two rotary cutters set side by side 1n poqzttwn
for cutting the opposite faces of adjacent

teeth, one eut ter acting upon and generating

one face of one tooth and the othercutter si-

95
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multaneously acting upon and generating the

- oppostte face of the next adjacent tooth.

IQ

20

1t is desired to state in the above contiec-
tion that while it is preferable to employ two
rotary cutters so disposed as to generate op-
posite faces of adjacent teeth simultaneously
it will be understood that I do not wish to
limit myself to the employment of a plurality
of cutters, as a single cutter might be prac-
tically employed to generate adjacent faces

of each tooth-space, especially if generating |

the teeth of spur-gears or gears in which the
teeth are of uniform width from end to end,

~which may be accomplished by setting the |

gear-blank, hereinafter described, with its

axis In alinement with the axis of oscillation

of the cutter-carrier. | |
The framework of the machine, which may

be of any suitable general construction for |
supporting and carrying the several fixed and |

movable details of the several mechanisms
and parts, is shown comprising a main body

- portion or cutter-mechanism frame (desig-

30

35

40

nated in a general way by B) having two up-

rights or brackets b and &', adapted for sup-
porting the cutter-carrier, and also having at
one end thereof an outwardly and upwardly
extending curved segment orarm B’, adapted
for supporting a gear-blank carrier.

The cutter-carrier (designated in a general

way by C°) and the gear-blank carrier (des-
ignated in a general way by C?) are shown

~supported for oscillatory movements about

axes located in the same vertical planes, but
in intersecting lines, the cutter-carrier being
supported with its axis in a horizontal plane
in bearings on the uprights b and b’ of the

Iramework and the gear-blank carrier being

supported with its axis in an oblique plane
In a suitable bearing on a bracket or slide

0%, adjustably secured to the blank-carrier-

supporting segment B', preferably by means

~of bolts extending through said slide and

45
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through a curved guideway formed through
sald segment. |

The term *‘cutter-carrier” in the broader
sense thereof, as employed in certain claims,
signifies any suitable form of device embody-
ing means for supporting the cutter and for
factlitating an oscillatory and a reciprocatory
movement of the cutter in relatively-inter-
secting planes. | ’_

As’'in the machine described in the patent

and application hereinbefore referred to, the

cufter-carrier and the gear-blank carrier have
their axes of oscillation in relatively oblique
lines which intersect at a common center,
which common center isindicated by a circle,
(designated by g, Fig. 5 of the drawings.)
T'he gear-blank, which is designated in a gen-
eral way by G, will, when seated in position
to be operated upon by the cutter, have the

‘apex of 1its face-angles coincident with the
The cutter-carrier in the

common center g.
organization of mechanism shown in the ac-
companying drawings comprises three mem-

bers, one of which is in the nature of a cutter- |

slide carrier (designated in a general way by
C*) supported for.oscillatory movement about;

- a horizontal axis and the others of which are

shown as two cutter-slides 4 and 5, respec-

tively, and supported on the cutter-slide car-

rier for reciprocatory movements in planesin-
tersecting the oscillatory path of the carrier
member and in planes radial to a common
center,. .
The cutters, which are herein shown as cir-
eular milling-cutters and designated by Cand
D, respectively, are supported side by side
with their adjacent faces in obligue planes ra-

dial to the common center ¢, said cutters be-

ing supported at the inner ends of arbors 2
and 3, journaled in suitable bearings upon
the cutter-slides 4 and 5, respectively, with
their axes at right angles substantially to the
peripheral plane of said cutters.

The cutfer-slides 4 and 5 are supported for
reciprocatory movement in guideways 4’ and
5" on the slide-carrier C? and are located one
~at each side of the axis of oscillatory move-
-ment of said carrier.
form shown most clearly in Ifigs. 3 and 5 of
the drawings comprises a head 7 and atubu-
lar stem or journal 6, rotatably supported in
“bearings on the uprights O and 0.

This carrier C? in the

The gear-blank ecarrier C?, which may be
similar in a general way to the gear-blank
carrier described in the patent hereinbefore
referred to, is shown in Fig. 5, comprising an
arbor or spindle 8, journaled for rotation in

-an elongated bearing on the earrier-support-

ing slide 0%, with its axis located in a plane in-
tersecting the axial line of the eutter-carrier.
In practicethe blank-carrier will be furnished
with a chuck at that end thereof adjacent to
the cutters Cand D forholding the gear-blanlk,
and some suitable means will be provided—
such, for instance, as is deseribed in my prior

patent—foradjusting the blank-holding mem-

ber or chuck of the blank-carrier longitudi-
nally of its axis. | .
As a convenient means for rotating the cut-
ter-arbors 2 and 3 each arbor is shown fur-
nished at the outer end thereof with a spiral
gear 20, which meshes with a small spiral
gear 27, fixed to the end of a short shaft 28,
journaled in a bearing on the cutter-slide at
the outer side thereof, and which shaft is
operatively connected by a universal tele-
scopic connector 29 to a shaft 30, journaled in

“a bearing 31 on the framework of the machine,

preferably in horizontal alinement with the
axis of oscillation of the cutter-carrier, and
which shaft is provided with a spur-wheel 32,
which meshes with a similar spur-wheel 33,
fixed to the hub of a driving-pulley 34, which
driving-pulley is preferably rotatably mount-
ed upon the journal or tubular stem ¢ of the
cutter-carrier and which pulley 34 may be
driven from any suitable source of power in
the usual manner. | -
In practice feed mechanism will be pro-

vided for imparting a slow working stroke to
the cutter-slide in a plane intersecting the
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oscillatory -path of movement of said slide | I have provided an actuating-connector be-

and for effecting -a. relatively rapid return

movement of said slide. 'This feed mechan-
ism in the preferred form thereof (shown
most clearly in Figs. 5 and 6 of the drawings)
embodies two feed-screws 35 and 36, journaled

“in the cufter-slide-carrier head 7, one at

each side the axis of oscillatory movement of
said carrier, and having screw-threaded bear-
ings in the two slides 4 and 5, respectively,
(see Fig. 6,) and two spiral gear-wheels 37
and 38, fixed to the feed-screws 35and 36 and
meshing, respectively, with opposite sides of
a spiral feed-wheel 39, fixed to a shaft 40,
which shaft is- journaled in and extends
through the tubular extension 6 of the cutter-
carrier, with its axis coincident with the axis
of said carrier, said shaft 40 being shown
furnished -at the outer end thereof with a
pinion 41, which in practice will be rotated
through the medium of any suitable revers-

ing driving mechanism, such as described in
‘my prior application herein referred to.

In practice the feed mechanism above de-
seribed will be constructed, organized, and
timed to impart an intermittent or step-by-
step movement to the cutter-slide, and 1t 1s
preferable to impart an effective movement
to the cutters during and throughout each
alternate oscillatory movement of the carrier.
To accomplish this, it is simply necessary to.

oscillate the carrier and rotate the feed-wheel

39 at coinciding velocities. This will cause
the spiral gear-wheels 37 and 38, fixed to the
feed-serews 35 and 36, to move with the feed-
wheel 39 in an orbital path about the axis of

said feed-wheel without rotation on theirown

axes and without effecting a feed or radial
movement of the cutter-slides when the cut-
ter-carrier has an oscillatory movement in a
direction corresponding to the direction of
rotation of the feed-wheel. When said cut-
ter-carrier has an oscillatory movement in a
direction opposite to the direction of rotation
of the feed-wheel, said spiral wheels 37 and
38 will have a rotative movement about their
own axes in addition to an orbital movement
about the shaft of the feed-wheel and will
through the medium of the feed-screws im-
part a feed movement to the cutter-slides.

From the foregoing it will be understood

that the feed-wheel 39 is during the cutting

operation of the cutters rotated constantly in
one direction and that the spiral feed-wheels
37 and 33 are only rotated to impart feed
movements to the cutter-slides during the
oscillatory movement of the cutter-carrier in
a direction opposite to the direction of rota-
tion of the feed-wheel and will therefore
only impart feed movements to the cutter-

- slides at and throughout each alternate os-

cillatory stroke of the cutter-carrier. |
As aconvenient means for imparting oscil-
latory or rotary reciprocatory movements to
the cutter-carrier and blank-carrier simulta-
neously, and also for maintaining a predeter-

mined ratio of velocity between said carriers, | two carriers when one carrieris oscillated and

tween and directly connecting the two. car-

riers and adapted, when one carrier .is oscil-

7c

lated, for effecting an oscillatory movement

of the other carrier simultaneously, and I
have provided in connection with one of said
carriers a carrier-oscillating device embody-
ing means whereby the range of oscillatory
movement of said carrier may be arbitrarily

scribed. - _
The actuating-connector between the two

oscillatory carriers comprises in the preferred

form thereof shown in thedrawings two osecil-

75

‘modified, all of which will be hereinafter de-

30

latory members (designated, respectively, by

cand ¢') secured to the two carriers C* and C?,

‘respectively, and so connected together at
their adjacent ends that an oscillatory move-

ment of one carrier and the member secured
thereto will impart an oscillatory movement

in the same direction to the other rmember

and its carrier. - |

- To facilitate a change in the ratio of move-
ments and velocities of the two carriers C?
and C3, as is necessary when generating the

teeth of gears of different piteh and tooth-

face angles,and at the same time enable any
unskilled mechanic to make this change with-

out liability of error, the oscillatory members
_of the actuating-connector between the gear-

blank carrier and cutter-carrier are pref-
erably in the nature of intermeshing bevel-
cgear segments, one of which, as ¢, 1s remov-

ably secured to the cutter-carrier and the

other of which, as ¢, is removably secured to

‘the gear-blank carrier, the apex of the tooth-

face angles of the bevel-gear segments ¢ and
¢' being coincident with the common center

¢ .or the point of intersection of the axial

lines of the two carriers C? and C°.
In the form shown in the accompanyling
drawings the gear-segment or connecting

‘member ¢ is shown comprising a curved

toothed segment 50, concentric to the axis of
oscillatory movement of the cutter-carrier C?,
and a web or arm 51, having a flange 51,
bolted to the flanged upper end of the head
7 of the cutter-carrier C°. 'The other gear-
segment or connecting member ¢ is similar
in a general way to the member ¢, the only
difference being that the web thereof is shown

having at the outerend a split sleeve or hub

52, which surrounds and is clamped to the
outer end of the gear-blank carrier C°.
From the foregoing description it will be

tle
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seen that the members ¢ and ¢ of the actu-

ating - connector between the cutter-carrier
C? and gear-blank carrier C° will operate
when one carrier is oscillated in the same
manner as two intermeshing bevel - gears

| would operate if one of said gears were fixed

to the. shaft of -the cutter-carrier and the
other of said bevel-gears were fixed to the
shaft of the gear-blank carrier.
a simple and convenient means for effecting
the simultaneous oscillatory movement of the

This forms.
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‘the pitman at its lower end to the ecrank-arm
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prevents the possibility of the ratio of move- | earrier said crank-shaft is shown.furnished

ment being changed except by removing the
twogear- sefrments cand ¢’ and replacing them

by other segments of different pltch which is |

a matter of considerable 11*11)01* ance in ma-
chines of this class.

When it is desired to change the ratio of
movements between the cutter-em rier and

the gear-blank carrier, as is necessary when |
I of the cranl«: -arm 54,

r_hfferent kinds of bevel—wears are to be cut,

the two bevel-gear seﬂ*ments ¢ and ¢ will be |

removed and another set substituted to con-
form to the change in angular relation be-
tween the axes of the two carriers C?® and C¢,

and for this purpose a series of sets of bevel- |

gear segments will in practice be furnished
with each machine of the class herein de-
scribed, each set being of a form adapted for
eﬂfectmw the l'eqmslte ratio of movement to
frenera,te a particular kind of gear, so that

When it1s desired to change the mtlo of move- |

ments between the two carriers C?and C8, as
required when generating the teeth of a par-
ticular form of gear, it Wlll be simply neces-
sary for the 01)81‘&1101‘ to remove the gear-seg-
ments of the machine and replace “them by
another set which is constructed to secure

the ratio of movement requisite for wenerat-_l

ing the teeth of this particular form of gear.
These different sets of gears may in praetwe
be numbered to eorrespond to the number of
the different bevel-gears whose teeth are to
be generated as a convenience in selecting
the proper gear-segments.

As a convenient means for actuatmﬂ one
of the carriers to effect an oscillatory move-
ment of the other carrier I have provided a
carrier-oscillating device,which is designated
in a general way by H and which in the ac-
companying drawings is shown in operative
connection with the cutter-carrier C° This
carrier - oscillating device embodies. means
whereby the range of oscillatory movement
of the carrier Iay be arbitrarily varied as
desired. The carrier-oscillating device H in
the preferred form thereof (shown most |
clearly in Ifigs. 2 to 5, inclusive, of the draw-
11:10'5) comprises a crank- shaft 53 journaled I
in suitable bearings on the framework and
having a crank-arm 54 at one end thereof, in
which is formed a longitudinal slideway 54’
a pitman 55, pwoﬁally connected atits upper ,
end to a laterally-pro;]ectm arm 56 on the
stem or hub 6 of the cutter-carrier, and
means for pivotally and adjustably securing

54 of the crank-shaft 53, and which adjust-
ing means preferably cons1sts of a stud 57,
prefembly extending through a sleeve 58 in
the lower end of the pltman and having at
oneend thereof ahead orslide-block 59, which
fits the slideway of the crank-arm and is fur-
nished with a nut at the opposite end, by
means of which the same may be tlwhtly
clamped in position.

IFor the purpose of rotating the crank-shaft
to impart oscillatory movement% to the cutter- |

at the outer end thereof with a pulley GO,
which is belted to a pulley 61, fixed to the end
of the cutter-rotating shaft 30 5

YW hen it is desued to increase or decrease
the range of movement of the cutter-slide, it
is snnply necessary to adjust the lower end
of the pitman so that the pivotal point there-
of 1s a greater or less distance from the axis

Having described my invention, I elmm--—-
1. In a machine for generating gear -teeth,

two carriers supported for bstzillatory move-

ments, in combination with an actuating-con-
nector between said carriers and comprising
two members in direct operative engagement
with each other and fixedly secured one to

each carrier, and means for actuating one car-
rier, and, thl‘()llﬂ"h the conneetor the other

carrier.
2. In a machine for generating gear-teeth,

two Gscillatory carriers having their axes of
~oscillation in intersecting lmcs, In combina-
‘tion with two inter meshmb gear - segments

fixed one to each carrier, and means for ac-
tuating one of said carriers.”

3. In a machine for generating gear-teeth,
two oscillatory carriers having relatively ob-
lique axes of oscillation, in combination with
two Intermeshing gear-segments fixed one to

each carrier, and means for actuating one of

sald carriers. |

4. In a machine for generating gear-teeth,
the combination, with two oscillatory carriers
having relatively oblique axes located in the
same plane, of two intermeshing gear-seg-
ments fixed one to each ecarrier, and means
for actuating one of said carriers.

5. In a machine for generating gear-teeth,
the combination, with two osclllatory carriers
having their axes of oscillation in intersect-
ing lines, of two bevel-gear segments con-
nected one to each carrier with the apex of
their angles coincident with the point of in-
tersection of the axial lines of the two car-
riers, and means for actuating one of said
carriers. |

6. The comblnatlon with an oscillatory
cutter-carrier and an oscillator gear-blank
carrier, of two intermeshing bevel-gear seg-
ments connected one to each carrier, and a

“carrier-actuating device in operative connec-
‘tion with one of said carriers and embodying

means for changing the range of movement
of said carrier.

7. In a machine for wenemtlug gear- Leeth
the combination, with a cutter-carrier sSup-
ported for oscllla,tory movement, of a gear-
blank carrier supported for oscﬂlatory move-
ment with its axis oblique to the axis of move-

ment of the cutter-carrier; means for effect-

ing a change in the anmﬂm* relation of the
axis of the two carriers; two removable gear-
segments carried one by each carrier with
their teeth in intermeshing relation; and ac-
tuating means in connection with one carrier.

8. In a machine for generating gear-teeth,
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the combination, with two oscillatory carriers.

having their axes of movement in intersect-
ing lines, of an actuating-connector between,
and directly connecting, the two carriers and
embodying two codperative oscillatory mem-
bers one of which is fixed to each carrier;
means in connection with one carrier for ad-
justing the same with its axis at different an-
oles relatively to the other carrier; and an
aetuatmn* device in connection Wlth one car-
rier and embodymn' means for changing the
range of movement of said carrier.

9. In a machine for generating ﬂ'_ear-teeth,
the combination, with a cu’tter—slide carrier
supported for oscillatory movement, of a cut-
ter-slide mounted on said carrier for recipro-

catory movements in a path intersecting the |

"path of oscillatory movement thereof 2 T0-

tary cutter supported on the cutter - sllde
means for rotating the sald cutter; a gear-
blank carrier with its axis oblique to the ) AXIS
of movement of the cutter-slide carrier; means

- for changing the angle of the wear—bla,nk car-

rier axis relatwely to the a,nc"le of the cutter-

20

slide-carrieraxis; two intermeshin; g oears car- 25

ried one by the cutter-slide carrier and the
other by the gear-blank carrier; and means
for actuating one carrier to impart synchro-

‘nous oscillatory movements to both carriers.

, HERBERT C. WARREN.
Witnesses: - |
EMoORY C.  WHITNEY,
HEATH SUTHERLAND.




	Drawings
	Front Page
	Specification
	Claims

