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To all whom it may concern: .
Beit known that we, ROBERT SCHULZE and

LEON F. SCHULZE, citizens of the United

States, residing at Cleveland; in the county

s of Cnyahoga and State of Ohio, haveinvented
 eertain newand useful Improvementsin Ball- |
Grinding Machines; and we do hereby de-

clare the following to be a full, clear, and ex-
act description of the invention, such as will
zo0 enable others skilled in the art to which 1t ap-
pertains to make and use the same. |

The object of our invention is to provide a
simple and efficient machine for grinding
metal balls in which the surface of the grind-

r¢ ing material shall be evenly worn and the

balls truly ground and the resulting waste

material conveniently removed.. | |
The invention consists, primarily, of a ro-

tary body carrying a plurality of ball-races

20 each havingan individual rotation, combined
with a grinding-surface which contacts with
 the balls in such races and rotates independ-

~ entlyof each of the prior-mentioned rotations.
Another part of the invention consists in

2¢ placing a casing around the grinding and ball
rotating parts and supplying entrance and
exit orifices thereto in such position that a
blast of air or a stream of water may effect-
ively carry away the waste products of the
30 grinding. | |
The combinations of parts hereinafter de-
scribed, and definitely enumerated in the

claims,alsospecify wherein the invention con-

sists.

The drawings clearly show our invention.
Figure 1is a side elevation, partly in section,
of the same. Xigs. 2and 3areeach horizontal
sections on the line « « of Fig. 1, the former
looking downward and the latter looking up-
ward, as indicated by the numbered arrows
on said line. -
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Referring to the parts by letters, A repfe--'

sents the frame of the machine, congisting of
an upright standard and two horizontal arms
aand ¢'. - Extending vertically through these
arms and journaled in the arm o’ is the shatt
B. Loosely surrounding this shaft and rig-
idly secured to a boss a® on the upper side of
the arm o' is agear C. A collar D is secured
to the shaft B above this gear and prevents
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such shaft from descending. DBeneath the |

| arm o' is a pulley L, whieh'isrigidly secured
to the shaft B and drives the same.

The
shaft B is thus prevented from moving lon-

to rotate therein.

gitudinally through the arm ¢', butis adapted

- Secured to the shafi; B'above the collar D
is a disk F. A plurality of smaller disks.G,

‘carrying ball-races I, are revolubly secured

to this disk ¥ by means of the shafts I, which

‘are keyed to said disks G and journaled in
said disk F. - Tothe lower endsof these shafts

I are secured gear-pinions J, which mesh with
the stationary gear-wheel C. It 1s thus ap-

parent that a rotation of the shaft B not only

causes the disk F to rotate, but causes all of

the smaller disks G to rotate about their own

centers while being carried around the shatt
B by the disk F. A flange f extends down-
ward from the periphery of the disk I and
acts.as a dust-cap for the gears.

K, which loosely surrounds the shaft b and
which carries at its lower end the disk & and
is limited in its downward movement by the
collar M, which serews onto the sleeve and 1S
therefore adjustably secured to it. A set-

| serew m locks the collar M after it is adjusted.
| - Clamped to the lower surface of the disk %

by suitable means is the annular grinding-
ring N. This ring is made of emery or other
suitable material, is of the proper thickness
to do a large amount of grinding, and 18 of a
width (in a radial direction across one portion
of the ring) just equal to the distance from
a central point in a ball-race H to a central
point diametrically opposite. The ball-races

35

bo

70

| - Loosely journaledin the arm a is the sleeve '
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are composed of two steel rings 7, secured to

the disks G. Theserings have their opposing
faces beveled, thereby leaving an approxi-
mately V-shaped groove between them. In
this groove the balls roll, the drawings show-
ing said balls at P in one of the races.
highest point of the outermost ball in any
race is therefore just in contact with the onter
corner of the grinding-ring, while the inner-
most ball is in contact with the inner corner,
as is shown in the left-hand race in Fig. 1.

Rigidly secured to the top of the sleeve K

is the pulley Q, by which the same is driveul.
The shaft B, which projects upward above
this pulley, has screwed onto it near its upper

The
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end the collar R, and between this collar and
a washer S, which loosely surrounds said
shaft and bears upon the upper surface of
the pulley Q, is a helical spring T. This
spring, which is adjusted in its foree by the
sald collar R, (which after adjustment is
locked by the set-screw 7,) forces the sleeve
K downward and thus causes the grinding-
ring N to bear upon the balls with the de-
sired force. |

A two-part casing incloses the ball rotating

and grinding parts. The lower part of this
casing, consisting of a circular plate U and a
vertical cylindrical wall w, is stationarily se-
cured to the arm ¢’ of the frame and incloses
the bottom and sides of the ball-rotating
parts. Cooperating with this lower part is an
upper part V, which incloses the top and sides
of the grinding-ring. This upper part rests
on a gasket Y on the upper edge of the wall w
and has a depending flange v, which closely
embraces the exterior of said wall. The gas-

- ket and flange enable the connection between
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the two parts of the casing to be approxi-
mately air-tight. This upper portion of the

~ casing surrounds the sleeve K as tightly as
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2', in which there is annular recess 22

- races Il.

may be without undue friction and has ex-
tending along the sleeve I the short sleeve
A
pin k' extends from the sleeve K into this an-
nular recess, whereby if the sleeve K is ele-
vated the pin &' contacts with the upper por-
tion of the sleeve v’ and raises the upper por-
tion of the casing. This upper portion is
preventied from rotating by any suitable
means, that shown consisting of a pin a?, pro-
Jecting from the vertical standard of the
frame between a pair of lugs v® on said upper
portion.

A vertical tubularholebextends downward
through the shaft B from its upper end to a
point opposite the upper surface of the balls
in the races and at this point branches into
as many horizontal pipes b’ as there are ball-
IFrom the upper end of the shaft B
extends a pipe 6% by which a blast of air or
a stream of water may be conveyed to the
tubular hole 6 and from thence to the balls
and grinding-surface. An exit-pipe«'is pro-
vided at or near the bottom of the casing. A
suction-pump is preferably connected with
this pipe, whereby the water or air coming in
through the pipe 0* is effectively withdrawn,
charged with the dust and waste material
caused by the grinding of the balls.

In operation the set-screw 7 is loosened and
the collar R serewed upward, thereby loosen-
ing the spring, and then the sleeve K, with
its disk and grinding-ring, and the upper cas-
Ing V are elevated sufficiently to allow the
races to be filled with balls. The grinding-
ring N is then allowed to descend upon the
balls and the upper casing upon the gasket
W and the collar R screwed down until the
desired pressureof the grinding-ring upon the
balls is obtained, when the collar is locked.
The machine is then set in operation, the pul-
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| ley K and the pulleyQ, being revolved in op-

posite directions and being of different size,
revolving their respectively-attached parts
at different speeds.
disk If gives a circular translation of the ball-
races and also, by means of the shaft I and
gears J, causes their independent rotation,
which rotation at the other edge of the disk
(x is In the same direction as that of the disk
I, while at the inner edges is in the opposite
direction.

It will thus be seen that each set of balls
as a whole is drawn circularly around the
grinding-surface in the opposite direction to
which that surface is driven, while at the
same time the balls individually travel in a
circular path from one edge of that of the
grinding-surface to the other. The resultof

the combinations of this motion is that the.

balls are ground on every face, and hence are
perfect spheres at the end of the operation,
while the grinding-surface is kept true and
even by the balls traveling from one edge
thereof totheother. Meanwhile the pressure
of air or water supplied to the pipe b?and the
suction on the pipe u' cause the waste parti-
cles of the grinding to be removed as fast as
produced.

As the grinding-surface wears away the
sleeve IX and the disk & descend, and the ad-
justment of the spring T is changed as nec-
essary. The recess v*in the sleeve v’ is long
enough not to interfere with the descension
of the sleeve K until the available grinding-
surface has been worn away.

Having described ourinvention,we claim—

1. Inamachineforgrinding spherical balls,
in combination, a rotating disk, a plurality of
smaller disks carried by said first-mentioned
disk and independently rotatable thereon,
sald smaller disks being adapted to carry balls
to be ground, and a grinding-wheel adapted
to contact with balls so carried, substantially
as described.

2. Inamachine forgrindingspherical balls,
a rotating disk I¥, a plurality of smaller disks
G supported by said disk F and compelled to
rotate therewith,meansforgiving said smaller
disks an independent rotation about their
own axes, and ball-races H carried by said
smaller disks, in combination with a grind-
ing-surface adapted to contact with balls in
said races, substantially as deseribed.

3. Inamachineforgrindingspherical balls,
in combination, a disk F, means for rotating
the same, a plurality of smaller disks sup-
ported by said disk and carried by it and also
independently rotatable thereon, means for
causing sald independent rotation when said
disk F rotates, ball-races carried by said
smaller disks, a grinding-surface adapted to
contact with balls in said races, and means
for rotating said surface in the opposite di-
rection to the rotation of the disk I, substan-
tially as described.

4. Inamachine for grinding spherical balls,

a frame, a shaft B journaled therein, a disk I
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carried by sa,ld shaft B a plurality of smaller
- disks carried by said dlsk I' and adapted to -

carry balls, said .smaller disks having axial

 shafts I Journa,led in said disk F, a statlonary

[O

1
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- rality of smaller disks carried by said dlskF |
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gear C, a gear J on each of bald shafts I in
mesh mth said gear C, in combination with
a n*rmdmw-surface ada,pted to contact with
balls carued by said disks G; substantially
as described.

5. Inamachinefor n'rmdmﬂ‘ gspherical] balls
in combination, a rota,table dlsk K, smaller
disks G carued thereby, but adapted to ro-
tate on their. own axes, ball-races on said
disks G, a rotating disk y? carrying grinding

matemal adapted 130 contact with. balls in smd

races, the said disk & having the capacity for
axial movement, and a stop for limiting said
movement in the direction toward the ball-
races, substantially as described.

6. Ina machinefor grinding spherical balls,
in combination, a frame, a shaft B ;]ournaled
therein, a disk E T secured to said shaft, a plu-

and adapted to rotate about their own axes,
ball-races on said smaller disks, a sleeve KK
surronnding said shaft B and Journaled in
sald frame and capable of longitudinal move-
ment through the same, a disk & secured to
sald sleeve and having a grinding-surface
adapted to contact with the balls in said races,
and a collar on said sleeve adapted to limit
the movement of said disk in the direction
toward said races, substantially as described.

7. Inamachineforgrinding spherical balls,
in combination, a plurality of circular ball-
races, means for causing the same to revolve
about their centers, and means for giving the
ball-races as a whole a circular translation, a
egrinding-ring adapted to contact with balls in
sald races, the outer corner of said grinding-
ring being in contact with the highest point
of the outermost balls in said races, and the
inner corner being in contact with the high-
est point of the 1nnermost balls in said races,
substantially as deseribed.

3. Inamachineforgrindingspherical balls,
in combination, & plurahty of circular ball—
races, means for causing the same to revolve
about their centers and means for giving the

ball-races as a whole a circular tmnsla,twn Q

grinding-ring adapted to contact with balls n
sald races, the outer corner of said grinding-
ring being in contact with the hlﬂ‘hest pomt
of the outermost balls in said races, and the
inner corner being in contact with the high-
est point of the innel most balls in said races,

and means for rotating said grinding-ring and -

for pressing the same aﬂ‘amst sald balls, sub-
stantially as described.
9. Inamachine forgrinding spherical balls,

- in combination, a frame, a shaft B journaled

therein, means calrled by said shaft for sup-
por tmn' a plurality of circular ball-races and
giving them rotation about their centers, and
a clrcular translation about the axis of said
shaft B, a sleeve K journaled in said frame
and surrounding sald shaft B, and grinding

matel 1al connected with said sleeve K adapt—

ed to contact with balls in said races, means

for rotating said sleeve, and a spring com-
pressed between said sleeve and an adjust-
able collar R on said shaft B, Substa,ntlall y as
deseribed.

10. In a machine for grinding spherical

balls, in combination, a frame, a shaft B jour-

naled therein, means carried by said shaft for

supporting balls to be ground, a sleeve K sur-
rounding said shaft B and JOtlrnaled 1n said
frame, a dislk secured to said sleeve and carry-
ing grinding material adapted to contact with
said balls, said sleeve and grinding material
being eapable of movement toward or from

sald balls, a collar on said sleeve limiting its

movement toward said balls, a collar R on said
shaft B, and a spring T compressed between
said collar and said sleeve and thereby press-
ing the grinding material toward said balls,
5ubbtant1a11y as described.

11. In a machine for grinding spherical
balls, in combination, a frame a shaft B jour-

-naled therem means for rot&tlnw sald shaft,

a disk F carried by said shaft, a plumhty of
smaller disks G supported by said disk K and
adapted tocarry balls, shafts I axially secured

to said disks G and Journaled in said disk F,

a stationary gear C surrounding said shaft B
and secured to the frame, gears J secured to
sald shafts I and meshing w1th sald gear C, a
sleeve K journaledin the fra,me and surround-
ing the shaft BB, a grinding-ring N adapted to
eontaot with balls C&I‘I‘led by the disks G,
means for securing said grinding-ring to the

sleeve K, said sleeve bemo‘ capable of move-

ment toward or from the ba,lls being ground,
a collar on said sleeve limiting its movement
toward sald balls, and a spring pressing said
sleeve toward smd balls, substantmlly as de-
seribed.

12. In combination, Wlth a machine for
grinding spherical balls having ball rotating
and ﬂrmdlng parts, of a casing surroundmﬂ'
sald parts,and an entrance-pipe and an exit-
pipe communicating with the interior of said
casing, substantlally as described.

13. In a machine for grinding spherleal
balls, in combination, a frame a shaft jour-
naled therein, means carrled by said shaft for
supporting balls and causing them to travel,

a grinding-ring smroundmﬂ' said shaft and

adapted to contact with balls so carried, there
being a tubular hole in said shaft ha,vmﬂ' its
exit near the balls so carried, a pipe or tube
connected with said tubular hole, a casing
surrounding said ball-supporting parts and
sald ﬂ*rmdmﬂ‘—rmg, and a tube or pipe com-
municating with the interior thereof sub-

| stantially as described.

14. In a machine for grinding sphemcal
balls, in combination, a fra,me, a sh&ft B jour-
naled therein, means carried by said shaft
for supportmﬂ' & plurality of circular ball-
races, a grinding-ring surrounding said shaft
and adapted to contaet with balls in said

| races, a two-part stationary casing inclosing
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said ball rotafing and grinding parts, said | ing said ball-grinding ring and engaging with

casing being separable upon a line near said
ball-races, a tubular hole in said shaft B hav-
ing its exit near said ball-races, a pipe or tube
connected with said hole, and a pipe or tube
connected with said casing, substantially as
described. |

15. In a ball-grinding machine; in combi-
nation, a frame, a shaft B journaled therein,

ball-rotating mechanism carried by said shaft, |

one part of a stationary casing surrounding
said ball-rotating mechanism and supported
by said frame, a grindirng-ring surrounding

said shaft 3 and adapted to contact with balls |
carried by the ball-rotating mechanism and

capable of movement toward and from said

balls, a second part of said casing surround- |

said first part, means for preventing the rota-

tion of said second part and means whereby
movement of said grinding-ring and its at-
' tached parts from said balls may compel said

second part to move with them and thereby

- separate the two parts of the casing, and an

entrance and an exit tosaid casing for allow-

ing an in-and-out passage of iuid, substan-

tially as deseribed. |
In testimony whereof we affix our signa-

tures in presence of two witnesses.
ROBERT SCHULZE.

LEON F. SCHULZE.
Witnesses:
ALBERT H. BATES,
E. B. GILCHRIST.
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