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SPECITICATION ferming part of Letters Patent No. 320,179, dated June 16, 1885,

Application filed July 14, 1884,

{No modcl.)

To «ll whom it may concern:

Be it known that I, HERMANN SCHULZE-
BERGE, of Rochester, in the county of Beaver
and State of Pennsylvania, have invented a
new and useful Improvement in Gear-Cutting
Machinery; and 1 do hereby declare the fol-
lowing to be a full, clear, and exact descrip-
tion thereof.

In my pending application for Letters Pat-
ent for improvement in gear-wheels, Serial No.
117,135, filed Janunary 11, 1884, I have de-
scribed an improvement in gear-wheels in
which the wheels are either a spheroid or
hemispheroid, or a section of a spheroid, in
which the shaft of the wheel is in the line of
the polar axis of the spheroid, the chief utility
of which is that the axes of two or more such
gear-wheels when geared together may bhe
placed parallel or at any desired angle to each
other, the angle of inclination of the axes of
the wheels being changeable without throw-
ing the wheels out of gear. To accomplish
this result, the pitch-line of the spheroidal
gear-wheels must be concentric with the po-
lar axis of the wheel on a plane at right an-
2les thereto; or, in other words, the pitch-
line must coincide with the surface of an im-
aginary sphere, while the surface of the wheel
at the outer edge of the teeth will be an ob-
late spheroid, while the surface at the base of
the teeth will be a prolate spheriod. It is
very difficnlt to construct such gear-wheels by
means of any gear-cutting machinery hereto-
fore coustructed and used, and almost impos-
sible to do so with anything like exactness.

The object of my invention is the construe-
tion of a machine with which spheroidal gear-
wheels can be constructed with rapidity and
aceuracy. Inorder toaccomplish this, my im-
proved machine first gives the exact requisite
oblate spheroidal shape to the piece of metal
to be formed into a gear-wheel, and then cuts
the teeth from pole to pole of the spheroid of
varying depth, so that the surface of the wheel
at the base of the teeth may be prolate to the
same degree as its surface at the outer edge of
the teeth is oblate, while the pitch-line of the
teeth lies in thesurface of an imaginary sphere.
My improved machine is equally adapted to
the shaping and gear-cutting of spheroidic
gear-wheels, such as described in another ap-

plication, Serial No. 127,448, filed by me on
April11, 1884, in which the shape of the gear-
wheels is spheroidic, but is only a section of
a spheroid, a portion of the spheroid being
removed at each pole, leaving only an equato-
rial section of any desired width or thickness.
In this case the. tool-carrier will traverse a
smaller are of a circle in its motion around
the block to be shaped or cut.

In Sheet 1 of the aceompanying drawings,
the several figures represent my improved
machine, while in Sheet 2 is represented a
modifiecation on the construction.

Figure 1 is a vertical section on the linex x
of Fig. 2. Fig. 2 is a plan view of the ma-
chine below the line x #, Fig. 1. Tigs. 3, 4,
and 5 are views of the power connections and
reversing devices. Fig. 6 is a vertical section
of the machine when adapted to operate with
a milling-tool instead of a chisel. Figs. 7 and
8 illustrate the construction of power-connec-
tions for driving the milling-tool. Fig.91isa
vertical section of a modification of the ma-
chine. Fig. 10 is a horizontal section on the
line y y of Fig. 9. IMig. 11 is an enlarged see-
tional view of the reversing mechanism shown
in Fig. 9. Tig. 12 is a view of a wheel which
is a section of a sphere upon which a portion
of the teeth have been cut.

In Figure 1 A is a spindle of a turning-
lathe, on which is centered the metallic block
B, whieh is to be shaped into a gear-wheel,
which is cast or otherwise made of iron, brass,
or other metal of the approximate shape of
the gear-wheel. If the gear-wheel is to be
placed when in use on an axle, the block B
may be bored in the line of the polar axis of
the gear-wheel before being placed in the
lathe and the spindle of the lathe inserted
through the bored hole and the block securely
fastened thereto.

C is the bed-plate of the lathe, which is
stationary.

In a groove in the bed-plate C, at right
angles to the spindle of the lathe, is a sliding
carriage, D, which is capable of a-motion of
adjustment toward or from the lathe-spindle,
which motion is effected by means of a screw,
a, swiveled at its inner end to the bed-plate
C, and working in a female serew in a flange
at the outer edge of the sliding carriage.
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Ti-is the tool carrier which holds the chisel

/of other tool by which the siirface of the block
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~" Bis planed and the gear-teeth are cut. This
tool-carrier E hasa semicircular base, as shown
in Fig. 2, the oufer edge or circumference of
which extends onto the bed-plate C, while at
the center-of its base it rests 1ipon and is car-

ried by the sliding earriage D, to which it is
pivoted atits center by the bolt b.

The tool-carrier E has an upright standard,
F, constructed similarly to the slide-rest of a
lathe, in which the chisel or planer ¢ is se-
cured, which, by means of a feed-screw, f, can
be moved to or from the object to be planed.
The serew f works ina nut, f’, and movesthe
slide f*, which is placed in suitable ways in
the carrier I and holds the tool ¢ toward or
away from the block B. This construection is
similar to that used in ordinary lathes for
planing metals,and need not be more particu-
Jarly described. The center of motion of the
tool-carrier B around the bolt b is placed in
a vertical plane passing throngh the axis of
the lathe-spindle A, and the center of the
spherical block B te be planed is placed in a
vertieal line passing through the axis -of the
bolt b. From this construction it will be evi-

-dent that if the lathe-spindle A, carrying the

block B, is revolved on its axis and the tool-
earrier is slowly tarned on its pivot, (the bolt
b,) with the planing-tool ¢ pressed against the
surface of theblock B, the block will be planed
to a true spherical shape. If, however, the

sliding carriage D is adjusted by the screw g,

50 as to bring the axial line of the bolt &
slightly beyond the vertical plane passing
through the axis of the lathe-spindle A, (in
the direction of the arrow in Fig. 1,) the block
B will be planed to the shape of an oblate
spheroid, corresponding to the reguired ex-
terior surface of the spheroidal gear-wheel,
The requisite movement of the tool-carrier
about its center of motion at b is effected by

means of a screw-shaft, G, placed horizontally

at right angles to the sliding carriage D, the
serew-shaft G-touching tangentially the semi-
circular edge of the base-plate I of the tool-

carrier, in which are cog-teeth which gear
into the threads of the screw- -shaft.

As the base-plate B of the tool-carrier is
onlysemicircular, as in the drawings,it cannot
have a continuous rotary motion, and it is
therefore necessary to give it an intermittent
motion of a half-revolution or less in one di-
rection, and then a half-revolution or less in
the opposite direction, as indicated by arrows
in Fig. 2. The reversal of the motion of the
tool-carrier may be effected by any suitable
device for that purpose. That which I employ
is shown in Figs. 2, 3, 4, and 5, whieh I will
proceed to describe,

On the bed-plate C of the lathe, on the op-
positeside ofthe screw-shaft G from the curved
base-plate B of the tool-carrier, and immedi-
ately opposite to the point where the screw-
shaft G- gears into the cog-teeth on the periph-
ery of the base-plate, is a small friction-roller
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with curved groove, which serves to keep the

screw-shaft G'in gear with the teeth on the
edge of the base -plate.. This pinion d is
mounted on a short shaft, ¢, which hasits bear-
ing in a sliding-plate, H, which is connected
w1th the sliding caruwe D by the bolt b so
as to move back and forth with it. On the
upper end of the shaft ¢ is pivoted. a short
lever, g, having two arms, the shorter one ex-
tending over the screw-shaft G, and the longer
arm extending in the oppesite direction. To
the extremity of the longer arm of the lever
g is pivoted one extremity of a shifting-rod,
the other end of which operates the reversing
apparatus. In a groove, 7, near the edge of
the base- plate T of the tool- carrier, are Fixed
two stops, ¢ 44, which may be placed at any
desired poinb on the base-plate B, so as to re-
verse the motion of the tool-carrier at any
desired point. By reference to Fig. 2 it will
be seen that as the tool-carrier revolves in
either direction one of the stops ¢ or ¢* will
come in contact with the short arm of the
lever g, and will cause it to turn, thus moving
the shifting-rod A, which immediately reverses
the moticn of the serew-shaft G, thus causing
the tool-carrvier to move in the opposite di-
rection on its center at b.

On the other end of the screw-shaft G is se-
cured by means of a spline or feather a cylin-
drical sleeve, j, at each end of which isabev-
eled cog-wheel % and %. (Shown enlarged in

Fig. 3.) Atrightanglestothe screw-shaftG is

the main driving-shaft I, with pulley-wheels
111, and beveled cog-wheel K. This cog-
wheel has also a small beveled cog-wheel, K,
turning with it and mounted -on the same
shaft I. When the sleeve j is shifted on the
screw-shaft G, one or either of the beveled
wheels & or %' is thrown into gear, the wheel
I’ with the wheel K/, or the wheel & with the
wheel K, and accordingly as it is geared with
one or other, the screw-shaft G rotates 111 one
direction or the other.

The sleeve-shaft j is not monnted directly
on the screw-shaft G, buton an inner ¢ylinder
or sleeve, m, which is keyed to the shaft G.
This inner sleeve has two notches, n 7/, (shown
in Fig. 3,) which receive the head of a spring-
pawl, p or 3, pivoted to the outer sleeve, j.
‘When the bevel-wheel & is in gear with the
bevel-wheel X, (as in Fig. 3,) the spring-pawl
p’ is in its noteh »/, which prevents the sleeve
from sliding and throwing the wheels out of
gear. Tworings, 7+, are placed on the outer
sleeve, j, which rings are kept apart aund
pressed against the. bevel-wheels & and I, re-
spectwely, by a splral spring, s, which sur-
rounds the sleeve j, and bears acrainst both of
the rings r #/. If the sleeve j wereslid on the
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shaft G so as to bring the bevel-wheel k" into

gear with the wheel K’ the ring " would de-
press the free end of the pawl p’ and release
it from its notech at the same time the bevel-
wheel % is thrown out of gear with the wheel
K, and the pawl p,being released by the ring
7, enters the noteh n-as soon as the sleeve j is
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slid far enough. (See Fig. 3.) The sleeve
is moved by means of the rod %, operated as
before described. The rod h is attached to a
pair of pivoted arms, ¢ ¢, (shown enlarged in
Fig. 53,) which span the distance between the
rings » 7/, and engage a pin projecting from
each sleeve. Fig. 4 shows a cross-section of
this reversing device on the line zz in Fig. 2.

When the size of the block B is'such as to

require adjustment, it can be done by adjust-

ing the tools ¢ or ¢ upon the tool-carrier I
by means of screws f or 1w, enabling gear-
wheels to be cut varying in radius all the way
from the axial line of the lathe up to the in-
ner front of the tool-carrier ¥. When the
shape or size of the block B is such as to re-
(uire the adjustment of the plate D by means
of the adjusting screw «,in order to bring the
tool ¢ or ¢ into proper position to perform its
required work upon the block B, there will
be a slight radial movement of the the screw-
shaft G. This is effected by means of the fol-
lowing construction: As shown in Fig. 3, the
serew-shaft G is surrounded by a sleeve, m,
which sleeve is journaled in bearings .
These bearings m’aresecured to the base-plate
w®.  (Shown in Tigs. 2 and 4.) This base-
plate rests upon a bed, m', which is radially
attached to the frame of the machine, as
shown in Fig. 4. The bed m'is provided with

a pivoted pin, m" arranged about midway he-

tween the two beveled gear-wheels % %/, and
the base-plate m’, which carries the bearings
w/, is placed on the said pivot so as to turn
around the same and permit the necessary
movement of the screw-shaft G, together with
the gear-wheels L'4’. The oscillating move-
ment of the serew-shaft G is necessarily very
slight, particularly at its pivotal point, so
that it makes no practical difference in the
ability to throw the gear-wheels & %’ into and
out of connection with the gear-wheels K
K’. In catting gear-teeth of the usnal height
with a serew-shaft proportionately as long as
the shaft G in Fig. 2, the oscillation of said
shaft G around the pivot w’ to effect the nec-
essary adjustment is almost imperceptible,
and the construction shown permits of ¢uite
a sufficient adjustment of the serew-shaft with-
out interfering with the operation of the ma-
chine for all usnal purposes. In the construc-
tion shown in Figs. 9 and 10 the screw shaft
G does not oscillate or change its axial posi-
tion, as will be fully understood,which isalso
the case in many other known constructions
which may be used in the place of the one
shown in Fig. 2. The construction shown in
Figs. 9 and 10 is an improved device for the
purpose of communicating rotary motion to
the tool-carrier I, which is variable with re-
lation to its position relatively to the axial

“line of the lathe from the screw-shaft G,which

revolves in bearings radially attached to the
lathe. 'This rigid attachment of the bearings
of the screw-shaft G to the lathe necessitates
a self-adjusting revoluble connection hetween
the tool-earrier I and the serew-shaft G.

The metal block B to be formed into a sphe-
roidal gear-wheel may thus be planed to the
shape of a true sphere or of a prolate or obiate
spheroid, as may be desired. When this is
effected the next thingisto cut the gear-teeth.
In order to effect this by the devices herein-
before described, the revolution of the spindle
A is stopped, and the cutter ¢ is turned one-
guarter round, so that its cutting-edge, which,
when the apparatus is used to plane the sur-
face of the block into the shape of aspheroid,
is adjusted soastobe parallel to theaxis of the
lathe-spindle, shall now beat right anglesto the
axis of the lathe-spindle A. Thetool-carrier is
then ecausedto turn on its axisd and the chisel

is pressed against the surface of the block B by,

means of the feed-screw /. The motion of the
tool-carrier is eftected, as before described, by
the screw - shaft G, which, after moving the
requisite distance to cut out the spaces be-
tween the cog-teeth, is brought back to its
starting-point by the reversal of the motion,
and the operation is repeated until the requi-
site depth of teeth is attained. The reverse
motion is effected with much greater rapidity
than the direet motion, owing to the fact that
the gear-wheel K'is of much smaller diameter
than the gear-wheel &/, while the gear-wheels
K and & (which produce the reverse motion)
are of the same dianeter.

When one groove has been cub in the sur-
face of the block B parallel to its polar axis,
and as near to each pole as may be desired,
the lathe-spindle A is turned a distance equal
to the width of one tooth, and it is then again
fixed so as to be incapable of rotation on its
axis, and the operation is repeated until all
the teeth are cut to the required depth.

In case the piteh-line of the teeth is in the
sarface of a true splherve, the surface of the
block B at the base of the teeth will be a pro-
late spheroid, as before stated, and in order
that this may be the case in the finished wheel
the center of motion b of the tool-carrier is
moved in the direction of the arrow 2, Fig. 1,
until the axial line of the bolt b is set as far
beyond the vertical plane of the axis of the
spindle A of the lathe in that direction as it
was set in the direction of the arrow 1 when
the surface of the block B was being planed.
The result then will be that the surface of the
gear-wheel ab the face of the teeth will be an
oblate spheroid, the surface at the base of the
teeth a prolate spheroid, and the imaginary
surface at the pitch-line a sphere.

Ifit is desired to cut the teeth of the gear-
wheels with a milling-tool instead of a chisel,
a slight modification of the machine used for
cubting the teeth will be necessary, which I
will now proceed to describe.

_ Fig. 6 represents a sectional elevation of
this modification of the machine. The spin-
dle A, bed-plate C, and sliding carriage D
may be constructed, as before described, in
reference to Fig. 1. The serew-shaft G and
reversing devices may also be similarly con-
structed and arranged. The standard F' of the
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tool-carrier, instead of being -furnished with
a slide-rest, as in Fig. 1, bas at its upper end
a horizontal frame, L, attached to it, within
which revolves the pulley 3, attached to the
upper end of the short vertical shaft «, which
has its bearings in the standard F’ of the tool-
carrier. The shaft » has a larger pulley, 4,
attached to it near its lower end. Thebolt b,
which, as in Fig. 1, serves as the center of mo-
tion of the tool-carrier, is in the machine
shown in Fig. 6 made hollow, so as to form a
bearing for the vertical shaft ». This vertical
shaft » has a driving-pulley, 5, at its lower
end, and another pulley, 6, at its upper end,
and a driving-belt,connecting pulleys 6 and 4,
cominunicatesarevolving motiontotheshaftu.

A sliding frame, M, is connected with the
frame L at the upper end of the standard T’
of the sliding carriage, as shownin Fig. 7, by
means of a slot in the frame M, which slot sur-
rounds the stationary frame I, so that by
means of the feed-screw w the sliding frame,

~which carries the milling-tool ¢, may be moved

toward or from the spheroidal gear-wheel B
in which the teeth are to be cut. The verti-
cal shaft of the milling-tool ¢ has its bearing
in the end of the sliding frame M nearest to
the spindle A of the lathe, and has near its
lower end a small pulley, 7. A similar pul-
ley, 8, has its bearing at the other end of the
sliding frame M, and two other small pulleys,
9 and 10, bave their bearings in the station-
ary frame L attached to the standard F. A
belt passing around the pulleys 7, 8, 9, 10,
and 3,as shown by dotted lines in Fig. 7,
communicates the rotary motion of the driv-
ing-pulley 5 to the milling-tool ¢, which, by

- the arrangement descrlbed is not inter feled

40

15

50

with by the feed-motion of 'the sliding frame
M. One of the pulleys, 9 or 10, may haveits
bearing in a sliding block inserted in a slot in
the statienary frame L, so that by means of a
scerew, «, the tension of the belt may be regu-
lated as desired.

Fig. 8shows an arrangementby which gear-
wheels may be employed, instead of a belt and
pulleys, to drive the milling-tool ¢, by which
the motion of the milling-tool may be arrested
at any time without stopping the driving-
shaft.

Instead of the reversing devices shown in
Fig. 6, which are the same as those described
in reference to Figs. 2 and 3, an arrangement
may be used—such asshown in Figs. 9, 10, and
11—which places the reversing devicesimme-
diately beneath the standard of the tool-car-
rier, and thus makes the machine more com-
pact.

As shown in Fig. 9, the screw-shaft G, by
which the tool-carrier is caused to turn on
its axis, is placed beneath the bed-plate C of
the lathe, and gears into a worm gear-wheel,
y, on a vertical shaft, which carries two cog-
wheels, 11 and 12; one above and the other
below the worm-wheel 3, the lower one being
the larger of the two. The lowergear-wheel,
12, gears into a cog-wheel, 13, (see Fig. 10,)

320,179

hidden  from view in Fig. 9, which is of the
same diameteras the cog-wheel 11. Cog-wheel
11 (at the upper end of itsshaft) gears intoan
idler cog-wheel, 14, and cog-wheel 13 gears
into an 1dler cog- wheel 15.

On an uprlght shaft, Z which has its bear-
ings in the front part of sliding carriage D,
are the cog-wheels 16 and 17,into which the
idler-wheels 14 and 15 gear, respectively. The

idler cog-wheels 14 and 15 are revoluble in

bearings swinging around the axle Z, and also

in bearings swinging around the axles of gear- .

wheels 11and 13, respectively, as shownin Fig.
10, so that when by means of screw ¢ the posi-
tion of the sliding carriage D, and cobnse-
quently the position of axle Z is changed
with regard to the distance from the axial
line of thelathe,theidler cog-wheels 14and 15,
being self adjusting, swing around the mova-
ble axle Z and around the stationary axles
of gear-wheels 11 and 13, respectively, thus
preserving thegearing-connection between the
screw-shaft G and the foot of tool-carrier F,
whatever the relative distance between screw-
shaft G and axle Z may be. The cog-wheels
16 and 17 are loose on their shaft, and a slid-

ing clutch device, N, connected w 1th the shaft
V7 by aspline, operabes between the cog- wheels
16 and 17, so as to throw either of them into
counectlon with the shaft Z, while the other
remains loose.

On the upper end of the shaft Z is a small
cog-wheel, 18, which turns with the shaft Z
and gears into cog-teeth on the arc formed by
the base of the standard ¥’ of the tool-carrier,
so that as the shaft Z is caused to revolve in
either direetion it gives a corresponding*mo-
tion of partial rotation on its axis to the tool-
carrier. _

The gearing before described isof such rela-
tive diameter that the gear-wheels 16 and 17
turn in opposite directions, and that the mo-
tion of wheel 16 is much more rapid than that
of wheel 17, so that if the clutch device N is
depressed, soasto connect thelower cog-wheel,
17, with the shaft Z the tool-carrier receives a
slow motion on its axis, but when the elutch
N is raised, so as to connect the upper cog-
wheel, 16, Wlth the shaft Z, a rapid motion is
given 'to the tool-carrier in the reverse direc-
tlon Thisreversing of the motion of the tool-
carrier is effected by a pelpendlcular rod, P,
which has two arms, ¢’ «’, connected with the
clutch device N, so that when the rod P is
raised it closes the upper clutch and opens
thelower one,connecting the upper cog-wheel,
16, with the shaft Z and leaving the lower cog-
wheel 17, loose on its shaft.

At ’ohe edge of the base of the tool-carrier
I’ are two adjustable stops, ¢ 4%, which can be

moved to any desired position, 50 28 £0 reverse .

the motion of the tool-carrier at any required
point.
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At the upper extremity of the rod Pis. a

beveled finger, ¥, which extends over the path
of the stops i iz, go that when one of the stops,
#’, reaches the rod P it passes over the beveled
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finger 0’ and depresses the rod P, and when
on thereverse motion the other stop,*, reaches
the rod P, it passes under the beveled finger ¥,
and thus raises the rod P, thus reversing the
motion automatically. The reversing device
shown in Fig. 9isshown in section, onalarger
scale, in Fig. 11.

I have described the tool-holder of my ma-
chine as having its eenter of rotation below
the spindle of the lathe which holds the block
while being planed into spheroidal shape or
while having the cog-teeth cut into it in lon-
gitudinal lines from pole to pole; but this is
not a necessary construction, inasmuch as the
position of such center of motion may be loca-
ted at any other point in the plane of the
equnatorial axis of the spheroid. It is, how-
ever, absolutely necessary, and is a distin-
guishing characteristic of my machine, that
the cutting-tool while cutting or milling the
space between two cogs from pole of the
spheroid to the other shall move in the plane
of the polar axis of the gear-wheel, and that
it shall revolve intermittently between the
poles in that plane, while the spheroid itself
does not rotate on its axis but remains fixed
until it is desired to shift it on its axis suffi-
ciently to cubt another groove between two
gear-teeth. It is also necessary, as before
stated, to shift the position of the cutter or
milling-tool from that which is occupied when
planing the surface of the block by tnrning it
one-fourth round on its own axis, so as to pre-
sent the cutting-edge properly to the surface
to be cut.

I may also state that in place of giving to
the tool-holderits motion partially around the
spheroidal block by means of a screw and
worm, as deseribed, the same intermittent mo-
tion around a fixed center may be communi-
cated to the tool-holder by other mechanical
means—as, for example, the tool-holder may
be loeated upon a crank revolving intermit-
tently around the center of motion and oper-
ated by a pitman or otherwise.

It is obvions that if the block of metal B in
which the gear-teeth are to be cut is cast or
otherwise shaped so as not to need being
planed into shape before the teeth are cut the
operation of planing may be dispensed with.
It is also manifest that my machine may be
used with equal advantage to cub the gear-
teeth on a wheel which is only a section of a
sphere, such, for example, as is shown in
Fig. 12.

What I claim as my invention, and desire to
secure by Letters Patent, is—

1. In gear-cutting machinery, the combina-
tion of a revoluble lathe-spindle for holding
and revolving the block or piece of metal to
be formed into a gear-wheel, a tool-holder
capableot revolving partially around the piece
of metal on a center located inthe plane of the
equatorial axis of the intended spheroid and
capable of adjustment in the said plane, and
devices for communicating an intermittent
partial revolution of the tool-holder, substan-
tially as deseribed, for the purpose of commu-
nicating a spheroidal shape to the block pre-
paratory to cutting the gear-teeth thereon.

2. As a device for cutting gear-teeth on
splerical or spheroidal gear-wheels, the com-
bination of a lathe for holding the spherical
or spheroidal piece of metal with atool-holder
capable of revolution on a center located
in the plane of the equatorial axis of the
spheroid, such center of motion being adjust-
able at right angles to the plane of the polar
diameter of the gear-wheel, and devices for
communicating an intermittent rotary motion
to the tool-holder around said adjustable cen-
ter and an independent rotary motion to the
gear-cutting tool or plancr, substantially as
described.

3. In gear-cutting machinery, a tool-holder
capable of revolving partially or intermit-
tently around a spheroidal piece of metal in
the plane of the polar axis of the spheroid,
while the spheroid itself is immovably fixed,
such tool-holder being farnished with a tool
or planer having its cutting-edge substantially
parallel to the plane of the equatorial axis of
the spheroid.

4, The combination of the screw-shaft G,
mounted in bearings attached radially to the
lathe, with a worm-gear, y, gear-wheel 11,
swinging idler 14, journaled in swinging bear-
ings radiating from the axle of the gear-wheel
11, and also radiating from axle of gear-wheel
16, gear-wheel 16, axle z, gear-wheel 18, and
oscillating tool-carrier F, provided with a seg-
mental gear in which said gear - wheel 18
meshes, substantially as and for the purposes
described.

In testimony whereof I have hereunto set
my hand this 2d day of June, A. D. 1884,

HERMANN SCHULZE-BERGE.

Witnesses:

W. B. CORWIN,
Troyas B. KERR.
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