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Our invention relates to machine tools, and
more especially to machines for turning by a
broaching operation. Machines are known in
the prior art, in which a broach has been used,

and in which there has been‘a relatively short 5

degree of relative movement of the broach and.
the rotating work plece which is cut by the
broach. However, so far a8 we are aware, there
has not been provided a combination-in which

the work piece rotates and the broach is moved' 10

‘with reference thereto In a cyclical operation.
An object of our invention is to .provide a

circular broaching cutter which is revolved.rel--

atively slowly in cutting relation to a work

piece which is revolving relatively rapidly and 15

at the same time providing means for feeding
the circular broaching means radially toward
the surface of the work so as to produce a finished
surface on said work plece. This arrangement

is equally applicable when it 1% desired to broach 20

an external surface, as when it is desired to -
broach an internal surface; the only difference:
is that in the first case there i3 a radially in-

ward movement while in the second there is a-

radially outward movement. : 2

It is-one of the objects of our invention to in-
creaseg the efficlency of turning with the aid of
& ‘broach, by providing the .broach in such a
form and so relating this form of broach to & ro--

tating plece of work, as to have a continuous 30

and cyclical operation. We illusirate what is
meant by a cyclical operation, for instance, by
means in which a broach has a series of cutting
teeth arranged in a circle; and in which relative

movement of the broach and the rotating work 35

piece is around the circle of arrangement of
broach teeth. The circular series of broach teeth
may be endiess, and the relative movement may

be continuous in the same direction thrqughout 10

such a period as may be desired.

Also the invention is not limited to circularly
arranged broaching tools, since cyclical opera-
tions do not necessarily imply circular operations

within the meaning of the words as used by us. 45

A circular operation, however, is exemplary

of our invention, and is a form which we prefer,

and which we will herein describe for the pur-
pose of making an exemplary disclosure.

Our invention is especially applicable to the ;0

finishing of cylindrical surfaces on the crank
shafts of internal combustion engines, for in-
stance, the line bearings of such shafts, and the
flanges and other cylindrical or circular parts
concentric with those bearings.

It will be un- 55 °

derstood, however, that our invention is not lim-
ited to this use.

. It 18 & further object of our invention prefer-.
ably at the same time the cylindrical surfaces are -
finished, to finish portions lying in radial direc-
tions; as for instance, the cheeks of the crank
webs adjacent to the cylindrical surfaces, or the
side portions of flanges, and similar portions,
these operations being performed by the circular
series of broach teeth while the work piece is
rotating. :

A further object of our invention is to afford-
the broaching operation, by a relatively high
speed of rotation of the work piece as compared
with the speed at which the rotating work plece
and the broach teeth relatively travel. Under
these conditions, the work piece may be ro-
tated in such a direction that its side engaging
the cutting edge of the broach teeth is moving.
in the direction of the relative approach of the
broach teeth and work piece, so as to add the
lineal velocity of rotation of the surface being.
finished to that of the relative movement of the
broach teeth and work plece; or the work plece

5 may be rotated in the opposite direction, and the

broach teeth pitched in the opposite direction,
so that the lineal velocity of relative motion of
broach teeth and the work plece is subtracted

-from that of the surface being cut by the teeth.

In this latter case, the speed of rotation of the
work piece may be so much greater than the
speed of travel of the rotation of the work plece
and broach teeth that the subtraction is relative-
ly insignificant. This latter kind of operation
affords a more gradual entrance of the tooth cut-
ting edge into the work, with less wear and tear
on the broach teeth, less strain on the machine
as a whole, and in general, a smoother opera-
tion, with greater facility of providing smooth
work.

More specifically, an object of our invention
is to provide a circular broaching cutter which
is revolved relatively slowly in cutting relation
to a work piece which is revolving relatively- rap-
idly and at the same time providing means for
feeding the circular broaching means radially
toward the axis of the work so as to reduce the
diameter and adjacent variously extended radial
surfaces of a rotating work piece.

Another object is to provide broaching cut-
ters which have teeth arranged in a circle con-
centric with thé axis of rotation of the broaching
cutter. By this novel arrangement the broach-
ing cutter may be revolved past the work as fre-
quently as necessary 'to accomplish the desired
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machining action, thls arrangement being far crank shaft, has one end held in the chuck 102,
more practical than using a straight tangential and has the other end centered on the center
broaching cutter. The straight broach equiv- pin {63 mounted in the tall stock 104 as is usual
alent to the continuously rotatable circular on lathes.
broach would of necessity have to be too long 5 To the rear of the tail stock 104 a shaft 106 i3
for a practical machine to accomplish the same journaled in suitable bearings 106, 107, 108 and
work done by our circular broaching arrange- 199 (Fig. 3) fixed on a carriage or cross slide 110,
ment. which, asseen in Fig. 4, is mounted to slide down-
An advantage of our broaching method is that wardly and forwardly at right angles to the axes
it is especially well adapted to machining the 10 of the work piece and the shaft 10§ carried by this
radially extended surfaces assoclated with the cross slide. On an extension 1 {1 of the cross slide
cylindrical surfaces of & work plece. For in- 119, at the rear, is mounted an electric motor (12,
stance, with our method the rotating broaching A worm gear 113 is fixed on the shaft (05, where
cutter can be started in cutting action radially it extends past the bearing 108 at the tail end
far removed from the final portion of the fin- 15 of the lathe; and the cross slide 110 has a down-
ished surface to be machined and fed at a de- ward extension with a bearing {14 in which the
sired feeding rate for proper cutting action of worm shaft 115 is journaled on an axis parallel
the teeth of the broach on the radially extended to the line of sliding of the cross slide, and this
faces of the work. For example, in machining worm shaft 11§ has fixed on it a worm (16 mesh-
the faces of the webs and counter-weights of 2n ing with the worm gear 113. This worm shaft
crank shafts, which may extend radially sev- 11§ also has fixed on it a pulley 1T, which is
eral times the associated bearing diameter, it is connected by a belt {18 with a pulley 19 on the
necessary to remove the metal from\ these faces - shaft of the motor 112.
before machining can be done on the erank bear- The circular broaches (20, 120, 121, 122, 123,
ing itself. In former broaching metb&g‘ wherein 3 (24, 128’ and i28 are fixed on the shaft 105; the
substantially straight broaches are used, and first two mentioned broaches 120 and (20’ being
which broaches do not have motion radially to- grouped together near the head end of the shaft
ward the axis of rotation of the work, the teeth to turn the portions ¢ and b of the work plece
must be arranged in radially stepped positions W the broacheg (21 and 122 turn the line bear-
so as to accomplish a cutting action toward the 30 ings c and 4, respectively; the broach 123 turns

axis of the work. The use of the stepped teeth
is limited to a given depth of cut which each
tooth can efficiently take. This limitation would
therefore require an impractically long broach to
accomplish the same cutting action as we ac-
complish with our circular broaching cutter.

Further objects will appear in conjunction with
the especially illustrated example, as shown in
the accompanying drawings, in which:—

Fig. 1 is a front elevation of a single spindle
lathe operating according to the principle of our
invention.

Fig. 2 is an end elevation of the same.

Pig. 3 is a plan view of the same.

Fig. 4 is a vertical cross section on the line 4,
4 of Fig. 1.

Fig. 5 is an enlarged view of the circular broach
operating upon a work pilece,

Fig. 6 is a face view of the broach.

Essentially in the practice of our invention, we
provide means for centering work and rotating
the work. We also provide a broach, and means
for moving the broach in connection with the
work as the work rotates, the whole forming a
cyclical operation, at least to-the extent that
the broaching is automatically carried on to an
extent predetermined.

In the example shown in Figs. 1 to 6, in-
clusive, a circular broach is rotated on an axis
parallel with that of rotation of the work piece to
be turned. As shown, the broach rotates in the
non-cutting direction, but the work piece is ro-
tated so much more rapidly than the broach that
a proper relative cutting speed is maintained.
This is most clearly seen in Fig. 5. The rotation
of the broach.in this example serves to bring the
various teeth thereof successively into cutting
position.

The machine illustrated in this example of Figs.
1 to 6, inclusive, embodies the usual design of
a single spindle lathe, which has a head (01
in which is journaled the spindle for the chuck
102, with suitable driving méans which needs no
detailed description. It is sufficient to say that
the work piece W, which as here shown is a
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the line bea.ring e; and the group of broaches (24,
124’ and 128 turn portions of various dlameter
at f on the work plece W, as may be seen clearly
in Fig. 1. The work piece W is rotated at a rel-
atively high speed by the chuck (02, and the
broaches are rotated at a relatively low speed by
the motor 112 through the speed reducing trans-
mission constituted by the pulleys and helt, and
the worm and worm gear.

As here shown, the edges of the teeth of each
broach may be all on a single circle concentric
with the axis of rotation of the broach, as ex-
emplified by the teeth 126 of the broach (22
shown in Fig. 5. Also, as shown in Fig. 6, the
preferably are of the herring-bone type,
a single broach being made up of sections i22a
and 1220 fitted together with interengaging por-
tions 121. Such a broach is designed for as many
revolutions in the course of a finishing operation
8s may be deslred accompanied by a suitable
rate of feed.

As shown here, particularly in Fig. 4, the feed

is effected by means of a cam member 28, slid-

able in guides 129 in a housing 130 parallel with
the axes of the work plece and broaches, and hav-
ing a form bar 131 fixed thereon, which bar is un-
derstood to be suitably inclined relative to said
axes; so that rollers 132, journaled on the bot-
tom of the cross slide 119 and closely straddling
the form bar 181, will cause cross feeding of the
slide or carringe 110 due to the sliding of the
cam member 128 in its guides 129.

This cam member 128 has a rack i33, with
which meshes a pinion 134 fixed on a shaft (38,
journaled in the lathe bed, and having a squared
rear end partion (38, to which a crank may be
applied for hand feed in either direction.

The housing 130 is mounted on guides 18T on
the lathe bed, to be slidable parallel with the'
axes of the work piece and broaches, and it en-
closes a cam drum 138, splined on a shaft 138
that extends through and has bearings in the
head and tail ends of the housing 180. It will be
understood that this shaft 138 is suitably geared
to the driving means at the head end of the lathe
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to rotate the drum (38 at a desired speed; the _ holder are in opposite directions, and in which

splined connection permits the housing 139 to be
adjusted along the axis of turning of the lathe,
to apply the broaches at desired places there-

along. Thig adjustment is effected by means of

& rack {40 fixed on the lathe bed next to the
lower rear housing, guides {37 and a pinion 184
meshing with this rack 140 and fixed on the
shaft of a crank handle 142, which shaft is jour-
naled in & bearing 143 fixed to and depending
from the lower rear part of the housing 130.
From the foregoing explanation, the operation of
the device of Figs. 1 to 6, inclusive, will be clear.

Modifications may be made in our invention
without departing from the spirit thereof.

Having thus described our invention, what we
clalm as new and desire to secure by Letters Pat-
ent, 18~ ’

1.In a broaching lathe, a rotatable work holder,
means for rotating said work holder, a work piece
in said work holder, a rotatable broaching means
having cutting teeth arranged in a circle concen-
tric with the axis of rotation of sald broaching
means, means for rotating said broaching means,
and means for moving said broaching means,
while rotating, relative to sald work plece, while

10
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rotating, so that sald work piece will be ma- .

chined by broaching.

2. In a broaching lathe, a rotatable work holder,
means for rotating said work holder at cutting
speed, a work piece in said work holder, a rotat-
able broaching means having cutting teeth ar-
ranged in g circle concentric with the axis of ro-
tation of said broaching means, means for rotat-
ing said broaching means at feeding speed, and
means for causing relative movement between
. the axis of rotation of said work piece and the
axis of rotation of said broaching means.

3. In a machine for broaching portions of crank
shafts, a rotatable work holder driving means for
rotating sald work holder, a rotatable broaching
cutter having its cutting teeth arranged in a cir-
cle concentric with its axis of rotation and hav-
ing cutting teeth presented axially thereof, means
for rotating said broaching cutter, means for
causing relative feeding of said broaching cutter,
while rotating, and said work piece, while rotat-

ing, so that the bearing surfaces and assoclated -

various radially extended surfaces may Be ma-
chined by broaching.

4. In a broaching lathe, broaching means hav-
ing a series of broach teeth arranged in con-
formity to a prearranged circular path of travel
of the work, a work holder, means for causing
rotation of a work piece held therein, means for
causing sald work holder to follow said circular
path of travel, and means for causing relative
radial movement between said broach teeth and
sald axis of rotation of said work piece.

5. In & broaching lathe, a work holder, means
for causing rotation of a work piece held therein,
a rotatable broaching cutter having teeth present-
ed in a circle concentric with its axis of rotation,

30
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means for producing relative circular movement .

between said broach teeth and the work piece
held in sald work holder, the relative movement
of the broach teeth and work holder and the ro-
tation of the work holder being in the same direc-
tion and the broach teeth having their cutting
edges presented in the opposite direction, and
means for moving said cutter radially of the axis
of rotation of said work piece.

6. A machine as set forth in claim 5 in which
the relative circular movement of the broach teeth
and work holder and the rotation of the work

856

70
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the broach teeth have their cutting edges present-
ed in the direction of said relative movement.

. 1. A process of broaching a rotating work piece:
comprising subjecting said work plece while ro-
tating at relatively high speed to the action of &
circular broaching cutter rotating at relatively
low speed by causing relative movement between
the respective axes of rotation of said work piece
and said broaching cutter. :

8. A process of broaching a rotating work pilece
which comprises rotating sald work piece, simul-
taneously producing a relative movement of said
work piece and a broach along a predetermined
line of arrangement of teeth of said broach, and
also simultaneously moving said broach radially
of the axis of rotation of sald work plece to pro-
duce a progressive cutting action of said broach
on said work piece, ’

9. The method of working metal ‘which com-
prises supporting a work piece adjacent a rotat-
able broaching cutter having-helically arranged
cutting edges, simultaneously rotating the work
plcce at cutting speed, and moving the work plece
radially toward the axis of the cutter to effect a
feeding movement between the work pilece and
the cutter.

10, In a broaching lathe, a rotatable work hold-
er, a work piece in said work holder, a rotatable
broaching cutter, means for rotating said work
holder and said broaching cutter so that the pe-
ripheral speed of the work plece will be relatively
greater than the peripheral speed of said broach-
ing cutter, and means for causing a relative feed-
ing movement between the axes of the work plece
and the cutter. ’

11, A broaching lathe comprising, a rotatable .
work holder, a broaching means, and means for
simultaheously rotating said work holder, mov-
ing said broaching means radially of the axis of
said work holder, and' moving said broaching
means substantially perpendicularly to said line
of radial movement. )

12, A broaching lathe comprising, a rotatable
work holder, a broaching means having cutting
teeth arranged in a predetermined path of rela-
tive travel between said teeth and a work piece
held in sa!d work holder, and means for simul-
taneously rotating sald work holder, producing -
said relative travel, and moving said
broaching means radially of the axis of rotation
of said work plece.

13. A broaching lathe comprising, a rotatable
work holder, a rotatable broaching means, and
means for simultaneously rotating sald work
holder, rotating said broaching means, and caus-
ing relative movement between the axes of said
work holder and said broaching means.

14. A broaching lathe comprising, a rotatable
work holder, a rotatable broaching means having .
cutting teeth arranged in a predetermined cir-
cular path of relative travel between said teeth -
and a work plece held in said work holder, and
means for simultaneously rotating said work
holder, producing said relative travel, and bodily
moving said broaching means radially of the axis
of rotation of sald work piece. ’

.15. In a crankshaft broaching lathe. means
for chucking and rotating a crankshaft, brcach-
ing means, and means fcr simultaneously rotat-
ing said crankshaft, mcving said brcaching
means radially of the axis of rotation of said
crankshaft in said lathe and moving said broach-
ing means substantially perpendicularly to sald
line of radial movement wherekty bearing por-
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tions and associated surfaces may be machined
on sald crankshaft.

18. In a crankshaft broaching lathe, means
for chucking and rotating a crankshaft with its
Hne bearings, flange and stub ends displaced
from said means, broaching means, and means
for simultaneously rotating said crankshatt, mov-
ing said broaching means radially of the axis of
rotation of sald crankshaft in sald lathe, and
moving said broaching means substantially per-
pendicularly to sald line of radial movement
whereby the line bearings, flange and stub ends
of sald crankshaft may be simulianeously fin-
ished by broaching. .

17. In a crankshaft broaching lathe, means
for chucking and rotating a crankshafi, rotat-
able broaching means, and means for simultane-
ously rotating said erankshaft, rotating said
broaching means, and causing -relative move-
ment between the axis of rotation of said crank-
shaft and the axis of rotation of said broach-
ing means whereby bearing portions and asso-
clated surfaces may be machined on sald crank-
shaft. )

18. In a crankshaft broaching lathe, means
for chucking and rotating a crankshaft with its
line bearings, flange and stub ends displaced
from said means, rotatable broaching means,
and means for simultaneously rotating said
crankshaft, rotating said broaching means, and
causing relative movement between the axis of
rotation of said crankshaft and the axls of ro-
tation of saild broaching means whereby said line
bearings, flange and stub ends of said crankshaft
may be simultaneously machined by broaching.

19. In a broaching lathe, a rotatable work
holder, a work piece in sald work holder, a ro-
tatable broaching cutter, means for rotating the
broaching cutter and means for simultaneously
rotating the work holder at a greater peripheral
speed than the broaching cutter and causing rel-
ative movement between the axes of rotation of
the work piece and of the broaching cutter.

20. In & broaching lathe, a rotatable work
holder, a work plece in said work holder, a
broaching means having broaching teeth ar-
ranged in a path of travel substantially tangent
to a cylindrical surface to be machined on said
work piece, and means for simultaneously rotat-
ing sald work holder, moving said teeth in said
path of travel, and bodily moving sald broaching
means relative to the axis of rotation of said
work plece. -

21. In a broaching lathe, a rotatable work
holder, a work piece in said work holder, a ro-
tary broaching means having broaching teeth
arranged in a circular path of {ravel substantial-

ly tangent to a cylindrical surface to be ma-

chined on said work piece, and means for simul-
taneously rotating said work holder, moving said
teeth in said path of travel, and bodily moving
said broaching means relative to the axis of ro-
tation of said work plece.

22. A broaching machine for finishing a work
piece having s surface of revolution comprising
a frame, a work support on said frame, driving
means on said frame for rotating said work sup-
port, & tool carriage mounted on sald frame for
movement toward and from said work support, a
tool support on sald carriage, a broaching tool on
said support, means for rotating said tool support
and feeding means for said carriage comprising
means for moving said carriage toward sald work
support axis, said last named means including a
cam formed to cooperate with said tool carriage
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to control the rate of feed near depth to finish
sald work piece.

23. A broaching machine for finishing a work-
plece having a surface of revolution comprising
a frame, heads on sald frame for mounting sald
workpiece, driving means for rotating said work-
piece, ways on said frame, a tool carriage on said
frame guided by said ways toward and away from
sald workpiece, a motor on said carriage, means
for supporting a tool on sald carriage, connec-
tions between said tool and sald last-mentioned
motor for driving said tool from said motor in-
dependently of said workplece, a third driving
means on said frame, and means driven by sald
third driving means for feeding said carriage a
predetermined distance toward said workpiece
and return, - ;

24. A broaching machine for finishing a work-
piece having & surface of revolution comprising
a frame, a work support on said frame, driving
means on said frame for rotating said work sup-
port, a tool carriage mounted on saild frame for
movement toward and from said work support, a
tool support on sald carriage, a broaching tool
on said support, means for rotating said tool sup-
port, and feeding means for said carriage com-
prising means for moving said carriage toward
said work support at feeding speeds, to control
the rate of feeding movement near depth to
finish sald workpliece.

25. A broaching machine for finishing a work-
piece having a surface of revolution comprising
a frame, heads on said frame for .mounting said
workpiece, driving means for rotating said work-
piece, ways on sald frame, a tool carriage on sald
frame guided by sald ways toward and away from
said workpiece, a motor on sald carriage, means
for supporting a tool on said carriage, connec-
tions between said tool and sald last-mentioned
motor for driving said tool from sald motor in-
dependently of sald workplece, and means in-
dependent of =aid other driving means for feed-
ing said carriage a predetermined distance to-
ward said workpiece and return.

26. A broaching machine for finishing a work-
piece having a surface of revolution comprising a
frame, heads on said frame for mounting said
workplece, driving means for rotating said work-
plece, ways on sald frame, a tool carriage on said
frame guided by sald ways toward and away from
said workpiece, a motor on said carriage, means
for supporting a tool on said carriage, connec-
tions between said tool and sald last-mentioned
motor for driving said tool from sald motor in-
dependently of said workpiece, a third driving
means independent of sald driving means, and
means driven by said third driving means for
feeding sald carriage a predetermined distance
toward said workpiece and return.

27. A broaching machine for finishing a work-
piece having a surface of revolution comprising
a frame, heads on said frame for mounting said
workpiece, driving means for rotating sald work-
piece, ways on sald frame, a tool carriage on
sald frame guided by said ways toward and away
from sald workpiece, a motor on said carriage,
means for supporting a tool on said carriage,
connections between said tool and said last-men-
tioned motor for driving said tool from said mo-
tor independently of sald workpiece, and means
independent of sald other driving means for
manually feeding sald carriage a predetermined
distance toward said workpiece and return.

28. A broaching machine for finishing a work-
plece having a surface of revolution comprising
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a frame, heads on sald frame for mounting sald
workpiece, driving means for rotating said work-
plece, ways on said frame, & tool carriage on said
frame guided by sald ways toward and away from
said workpiece, a motor on said carriage, means
for supporting a tool on said carriage, con-
nections between sald tool and said last-men-
tioned motor -for driving said tool from-. sald
motor independently of sald workpiece, and
means on said frame independent of said other
driving means for feeding said carriage & prede-
termined distance toward said workpiece and re-
turn. : '
29. A broaching machine for finishing & work-
piece having a surface of revolution comprising

‘frame guided by sald

10

15
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a frame, heads on said frame for mounting said
workplece, driving means for rotating sald work-
plece, ways on sald frame, & tool carriage on sald
[ ways toward and away
from sald workplece, a motor on said carriage,
means for supporting a tool on sald carriage.
connections between said tool and said last-men-
tioned motor for driving sald tool from said
motor independently of said workpiece, a third
actuator independent of said driving means, and
means driven by sald third actuator for feeding
sald carrlage a predetermined distance toward
sald workpiece and return, :

‘ ' F. GROENE.
WALTER R. MEYER.
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