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PaTent OrFICE.

WILLTAM HILLMAN, OF PREMIER W'ORKS, COVENTRY, COUNTY OF WARWICK,
ENGLAND, ASSIGNOR OF FIVE-EIGHTHS TO WILLIAM HENRY HERBERT
AND GEORGE BEVERLY COOPER, OF SAME PLACE.

‘ MACHIN»E FOR MAKING BALLS.

LPHCIFICATION forming part of Lietters Pateat No, 333,301, dated December 29, 1885,
 Application -filed September 9, 1885. Serial No. 176,621. (No model.} )

To all whom it may concern:

Be it known that I, WILLiaM HILLMAN, a
subject of the Queen of Great Britain, resid-
"ing at the Premier Works, Covently, in the

_ 5 county of Warwiek, Endand ,velocipede man-

"ufacturers, haveinvented Mmchinery for Mak-
ing Balls or Spherical Rollers, of Wthh the
following is a specification.

The invention consists of automatie ma-

10 chinery for making balls or spherical rollers,

and the action is such that if a straight rod of
round metal or other material, shghtly larger
than the size of the balls or Iollers lequued
to be made, be properly fixed in the machine
15- and the latter put in motion, a certain num-
ber of balls or rollers can be made with so

" little -attention on the part of the operator
that he is. able to attend to and to keep a
number of similar machines in constant opera-

My invention is represented in the accom-
panying drawings, of which the following is
a description. '

Figurel is afrontelevation, Fig. 2is a plan,
25 Fig. 8 is a left-hand end view, and Fig. 4 is a
: rloht handend view,of nmchlnery construeted
»according to my invent}ion. Fig. 5is an end
elevation of the head stock. Fig. 6 is a back
elevation of the same. Fig. 6* is a similar
30 view, but with thelever «® removed; and Fig.
7 is a plan of the running head-stock and
parts carried thereby, and Fig. 8 is an under
side view of part of the same. Figs. 9 and 10
“are two opposite side elevations. Fig. 11 is
Fig. 12 is a cross-section drawn on
“the line 1 1 of Fig. 10; and Fig. 13 is a front
end elevation of the forming apparatus. Fig.
14 is a separate sectional view of the last pair
of forming-cutters. Tig. 15 is a side eleva-
40 tion. " Fig. 16 is a plan of the finishing appa-
ratus, and Fig. 17 is a front elevation of the
latter with the front slide, front wheels, and

some other parts remodved.
The body of the machine consists of a bed,

45 A, similar to that of a lathe, preferably of T-

shaped section, mounted upon legs or stand-
ards B, which may be of anyordinary or suit-
able form. A table or tray, G, is fixed to the
standards B to cateh the oil or other lubri-

cating fluid vsed, and to receive the turnings. 5o
A running head-stock, a,with suitable hollow
mandrel, «', is fitted to slide along the bed A. "
The mandrel holds the bar or rod = of metal

or other material by means of a set-screw, @,

as shown, (or it may be by a chuck,) and ro- 55
tates with it. Two brackets, D, are bolted to
the bed A, one to each end thereof, and they
carry in suitable bearings a feed-serew, 0,
cam-shaft;e, and a main driving-shaft, d. - The
driving-shaft ¢ has on it a fly-wheel, which 6o
may be used as a hand-wheel, ordinary fast
and loose pulleys, @* @, and a long drum-pul-
ley, @, (or it might be a sliding pulley,) .
which communicates motion to the mandrel

& of the running head-stock @, by means of a 65
belt or chain, d°, passing partly around the
pulley @*and partly around the pulley «®, fixed

to the hollow mandrel &'

The cam-shaft ¢ is rotated at the necessary
slow velocity in the following manner: Onthe 70
main driving-shaft d is fixed asprocket-wheel,

d%, which, by means of a chain, d', gives mo-
tion to a sprocket-wheel, @°, revolving loosely
on the cam-shaft ¢. To the sprocket-wheel d°
is fixed a toothed pinion, &, which meshes 75
with a toothed wheel, @*, to which is fixed a
toothed pinion, d", which meshes with and
gives motion to a toothed wheel, ¢, fixed on
the cam-shaft ¢. The toothed wheel d° and
pinion d" are mounted on a stud or axle, d¥, 8o

-fixed to an arm or lever, ", which is mounted

on a stud, D', fixed to one of the brackets D,
by which means the motion of the-cam-shaft

‘¢ can be instantly stopped by turning the arm

or lever slightly on the stud 1. Other suit- 85
able means may, however, be employed for
communicating the necessary slow motion to ’
the cam-shaft ¢

The feed-serew d works in a nut, ¢, which

is attached to the head-stock, and which is gc
constructed and operated as follows: The nut
«* is formed in two halves, each of which ig -
formed on or fixed to a slide, ¢° which half-
nuts and slides are capable of sliding in re-
verse directions to each other on a guide-bar, g5

a’, fixed to the running head-stock . To this
gulde -bar af is fixed a stud or axis, a', on which

is mounted a lever, ¢°, which is formed with
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two slots, ¢’, one on each side of its axis a'.
These slots ¢* receivestuds-or pins-a” fixed one
to each slide ¢°. Thus when the parts are in
the position shown in the drawings, the two
parts of the nut «* are in the position to re-
ceive motion from the feed-screw b; but when
the longer arm of the lever a° has been raised

by the cam ' on the feed -screw b, acting

against’ the stud or projection @, the two

parts of the nut ¢* are separated from each

other, so that the feed-screw & no longer acts

upon the same,and the motion of the running |
head-stock «a is thereby stopped. Other means |

may, however, be adopted for arresting the

motion of the running head-stock when it has.
arrived at a given position of its -traverse..
" The feed-screw b has an intermittent motion

imparted to.it by a segmental toothed wheel,
e, which gears into aspur-pinion, b% keyed on
the feed-screw . Thesegmental toothed wheel
e is keyed or otherwise fixed to the cam-shaft,
and is like a spur-wheel with some of its teeth
removed. Theteeth ofsuch mutilated toothed
wheel ¢ are preferably made adjustable on
their carrying-disk. The pitch of the feed-
screw b is preferably equal to the length of
metal required to make one ball—that is to
say, if the machine is arranged for making
balls of five-sixteenths of aninch in diameter,
the feed-screw should- have a pitech of three-
eighths of an inch, and the intermittent gear
should give it exactly onerevolution for every
ball that is made, so as to advance the rod or
bar x therequired distance. The piteh of the
screw b and the method of giving it the-above-
named intermittent motion may, however, be
varied, provided that the screw b is-caused to

- give the required feed to the rod or bar x of

10

metal or other material within. the limit of
time during which the cutters-are not in op-
eration on the work.

The balls are formed by a row of cutters, 1

-2 3.4, which are mounted on slides f f g-¢, and

§5

50

are moved to and from the work by links s’
¢ -and duplex levers &, or by other suitable
means, There are two pairs of these slides—
twoat the back and two at the front of the
work. They are fitted in the usual way to-a
suitable slide-rest, ¢, which is fixed to the bed
A of the machme at right angles ‘with -its
length.

The levers 1 have for their fulera studs ¢/,

.fixed at the back end of the slide-rest, one-on

each sme thereof. Their power ends r%t upon
cams ¢, fixed on the cam-shaft ¢, which are
shaped "to give the slides, and consequently
the cutters, the necessary slow feed for <cut-

- ting, and allow them. to return quickly amd

65

remain stationary while the feed -to the rod

or bar z is taking place. Weights /' keep._the-
levers h'in contact with the peripheries of the
cams ¢, and. loose bearing or friction pieces.
_h* are fitted to tbe levers 7, where they rest

upon the cams ¢, and set-screws 2’ are fitted
through the levers & to -act upon these loose
-friction- or bearing pieces 4% to adjust the
traverse of the slidesf fgg. FEach pairfg

333,301

of slides earries two pairs of cutters. The

‘two first pairs of forming or roughing cutters

1 2 are flat, somewhat similar to ordinary
slide-rest lathe-tools in form and method of
fixing to the slides, those on one side of the
rod or bar z bemg fixed with their cutting-
faces downward, and on the other side with
their cutting- faces upward, all the cutting-

70
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faces'being on a line with the center of the -

work. The third pair, 3, are hollow grinding-

cutters., They are held in and rotated by spin-
dles %, moiinted in suitable bearings ecarried
by the slide g, and driven by belts ¢°, which
pass. around pulleys g*, and thence around
pulleys ; ¥, fixed on a cross-shaft, j, which re-

‘ceives its rotary motion from the dmvmg shaft
d, by means of beveled wheels ° j? or such
spmdles ¢* mayreceive their rotary motlon in
other convenient manner, The fourth pair of
catters, 4, are also hollow grmdmg cutters
held in and rotated by spindles g*, similar to

those:g* of the third pair of cutters 3, and.

geared 'with them by spur-pinions ¢g°. These
cutter -spindles ¢* are preferably holiow, as
shown more clearly at Figs. 11 and 14, and
a spring push-piece, g%, is inserted in each

8o

8s

which is'so arranged as.to press against the _

ball while it is being eut off from the rod or
bar z,-and thereby prevent its being jammed

“into either of the cutters 4. The bar or rod,

of metal or other material, rotates between the

95

cutters 1 2 3 4 in a bearing or guide, &, which |

is fixed to the slide-rest ¢, and which hasslots
or cavities to admit the cutters 1 2 3 4, where
they act upon the work.

In addition tothe above-described forming-
cutters 1 2 3 4 a pair of finishing-cutters, 5,
are arranged -at a lower level, so that when
the ball is cut off from the rod or bar it runs
down asuitable way, y, and falls betweenthem
and between a pairof oscillating planes, ¥, by

IO

105

which they are rotated in every possible di- .

reetion, so as to cause the finishing-cutters to
act upon every part thereof. This finishing
apparatus further consists of a slide-rest, i,
fixed at right angles to the bed A, and having
-mounted thereon a pair of slides, m x, which
are moved to and from the work by means of
links m’ #/, and duplex lever o, mounted on a
stud or ax1s, 7, fixed to ‘the slide-rest I, the
power end of which lever o rests upon a caul,

110

f1g

¢, fixed on the cam-shalt ¢, and such lever o -

may in some cases be provided with aloose fric-
tion or bearing piece where ‘it rests upon the
cam ¢’, and ‘with ‘a set-screw to act upon this
loose frwtlen or bearing piece to ad_]ust the
traverse of the slides m n. Weights o' are
fixed on ‘the levers o to keep them in contaect
with the cams ¢*. On these slides m #» are
mounted in suitable bearings a pair of rotat-
ing shafts, m*’ %%, one on each slide-and in a
‘direct line Wlt;h each other. Each of such

shafts m’ #* has on its front end a disk, m® or
.n%,-in which is fixed ‘a crank-pin, m* or #*, on

whleh the boss %' of a_lever, %, freely works,
the end of such leverk bei-ngcontrolled by the
arm thereof (which is suitably slotted) work-

120
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-insure a firm grip of the ball.
-of the race should be equivalent to the stroke

-removed altogether.
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ing on a fixed stud, 7', so as to glve, in combi- | boss on the mandrel ¥, and it is at the re-

nation with the crank -pin m*or n*,an oscillat-
ing eccentric motion to the boss thereof. The
faces of the bosses ¥’ of these levers k form the
pair of oscillating planes &, hereinbefore re-
ferred to, and they are preferably slightly
grooved with an annular groove or race to
The diameter

of the crank-pin. The crank-carrying shafts

-m? n? are rotated in the same direction and- at

the same speed by suitable gearing from the
main driving-shaft d,as follows: On the shaft
d is fixed a beveled toothed pinion, d', which
meshes with a beveled toothed wheel, p’, fixed
on a cross-shaft, », on which are also fixed
toothed wheels Jp*, which mesh with and give
motion to toothed pinions m® #°, fixed on the
shafts m* #*. The arrangement of the shafts
m? n* in respect to their erank-pins must be
such that one crank-pin is always half a revo-
lution in advance of the other crank-pin. The
ball or roller in process of being finished will
then be rolled by the oscillating plane %' of one
lever kin diametrically-opyposite directions to
the other—that is tosay, if the face of one lever
is rolling the ball in directions which may be

- deseribed as up and to the right, the face of

the other lever will roll it down and to the
left, the consequence being that the ball is
kept revolving in one spot, irrespective of
the cutters which act upon them, and will con-
tinue to so revolve if the ﬁmshmg cutters be
The finishing-cutters 5
do notnecessarily revolve. They are cylindri-
cal and may be caused to separate from each
other, or, as shown in the drawings, one may
be fixed and the other caused to move away
therefrom when required by means of a lever,
g, actuated by a cam, ¢, on the cam-shaft d at
the moment when the ball is ecut off by the
last pair of forming-cutters 4, thereby allowing
the finished ball to fall into a trough, », which
conveys it to a suitable receptacle. In this
position of the parts, a ball coming from the
last pair of forming-cutters 4 is enabled to
drop into position between such finishing-eut-
ters B, a suitable support, s, being . placed
vertically underneath the said ball to hold it
in position till the parts are again pressed
forward, so as to bear againt the same. This
support s, as shown in the drawings, is a fix-
ture; bub when the machine is used for turn-

.. . ing comparatively large balls, such as billiard-
55

balls, the said support is a movable one, and

-is moved out of the way when the finished

ball is ready to drop ont. from between the
oscillating planes %'

The fixed finishing- -cutter 5 is held rlgldly
but with capability of adjustment in a bear-
ing formed in a standard, 7%, fixed to the slide-

_rest 7, and the movable finishing-cutter. 5 is

held in a mandrel, #, which is mounted with

- capability of sliding in bearings formed in a
standard, I, fixed to the slide-rest [, such mov- |

able finishing-cutter 5 being pushed up. to its
work by a splral spring, P, acting againt a

quired. times drawn back by the means before
described, while a screw-stop, %, determines
the distance between the two cutters 5.

If desired, the finishing mechanism may con-:

stitute a separate machine.

‘Where one machine only is used it is pr 0-
vided with an ordinary pump having suction
and delivery valves, and is operated by an

70
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eccentric on the drum-shaft automatically to -

pump the oil or other lubricating fluid from
a well, ', in the table or tray C, to a reser-
voir, from which pipes convey it to the various
cutters, and where a number of these machines

8o

are employed one large independent pump, - :

mounted in the ordinary way, may be em-
ployed to supply the whole. I havenotshown
this’ arrangement in the drawings, as such
will be readily understood by the above de-
scrmtlon

The operation of the machine is as follows:
The running head-stock «a is first placed at its
extreme position attheleft hand of the bed A.
A rod or bar, , of metal or other material, is

then passed through the hollow mandrel o

and fixed in position by the set-screw a? so as
to rotate therewith, the right-hand end of the
rod or bar z being supported by the bearing
or guide %, and being in position to be acted
upon by the first pair of cutters, 1, which make
a groove in the same, representing a space be-
tween a pair of balls or rollers. The cutters
then separate, and the said rod or bar z is
then advanced to thesecond pairof cutters, 2,

which further act upon the sameso as roughly

to shapetheballsorrollers. Thecuttersagain
separate, and the rod or bar zis again ad-
vanced to the third pair of cutters, 3, which
nearly complete the formation, leavmo only a

85
90
95

I00
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small neck or connection between them after -

which the cutters again separate, and the rod
or bar z is advanced to the fourth pair of cat-
ters, 4, which further finish the ball and cut it
off from the rod or bar #, when the ball runs

110

down the inclined way y and falls between the

finishing-cutters 5 and the oscillating rolling-
planes k',where the small projection left there-
on which formed the connection with the rod
or bar x is removed, and the ball or spherical

115

roller finished in readiness (when made of- :

steel) for the subsequent processes of harden-
ing, grinding, and polishing, which are con-
ducted in the ordinary manner, except that as
balls or spherieal rollers made by my -ma-

120

chinery are truer and more uniform in size -

than those made by the ordinary methods,
less grinding is required after the hardening
thereof,

After the finishing-cutters have completed

125

their action on the ball or roller, they and the- :

oscillating planes %' are caused to separate
from each other, when the ball falls and is con-
ducted by the trough » toa suitable, receptacle,
as hereinbefore descrlbed

I have shown and described cams, welghts, B

and springs for producing the reeiprocating
movements of the several cutters and other

130
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parts; but I desire to have it understood that '
these elements may be used interchangeably,

as equivalents, without departing from my in-

vention.

I am aware that it has been proposxed to fin-
ish eannon-balls by means of an annular mill-
ing-tool, which is rotated upon its axis and
pressed into contact with the surface of said
ball, while the latter is revolved by means of
a pair of rotating mandrels, each carrying at
one extremity a chuck having a sphero-seg-
mental cavity embracing said ball at diametric-

"ally-opposite points.

Having now particularly described and as-
certained the nature of my said invention, and
in what manner the same is to be performed,
I declare that what I claim is—

1. In a machine for making balls, the com-
bination, with a rotary mandrel in which the
blank-bar is secured and an intermittent feed,

-of a reciprocating cutter moved toward the

axisofsaid blank during the intervals between
the feeding actions, as set forth.

2. Ina machine for making balls, the com-
bination, with a rotary mandrel and an inter-
mittent feed, of a series of cutters for acting

“simultaneously and each in succession upon a
> “given part of the blank, as set forth.

30

3. In a machine for making balis, the com-
bination, with a rotary mandrel and a blank-

-bar carried thereby, of a cyhndrlcal cutter
reciprocating transversely to the axis of the

blank-bar, as set forth.
4. In a machine for making balls, the com-
bination, with a rotary mandrel, of a cylin-

--drical cutter rotating upon its axis and recip-

rocating transversely to the axisof the blank,

*. as set forth.

40
“rotating eylindrical cuttersreciprocated in the

5. In a machine for making balls, the com-
bination, with a rotary mandrel, of a pair of

~plane of their axes and bearing at diametric-

+ally opposite points npon the blank, as set

‘ “forth.

45

6. The combination, with a pair of recipro-

- cating cutters, of a ‘ulerumed lever and a pair

50:

- of links connectmg the respective cutters with
'said lever upon opposite sides of its fulerum,

as set forth.
7. The combination, with a pair of cutters
and the slides to which they are respectively

- secured, of a lever fulcrumed to the frame of
" ..., the machine, links connecting the respective

55
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slides with said lever upon opposite sides of
its fulerum, and a cam for controlling the po-

. sition of said lever, as set forth.

8. In a machine for making balls, the com-
bination, with a rotary mandrel carrying the
blank-bar and anintermittent feed for moving
said blank-bar forward, of a series of cutters

- opérating successively in the formation of the
- ball ‘reciprocated alternately with bhe feed, as
. explained,.

65.

9. The combination, with two rotaly cutters
and a block in which they are mounted side

- by-side, of intermeshing pinions secured to

i
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thelr spindles and means for rotating one of
said spindles, as set forth.

10. The combination, with a cylindrical
cutter, of a spring push-piece located within

‘gaid cutter, substantially as set forth.

11. In a machine for making balls, a pair of
planes bearing upon opposite sides of the ball
and moved in a circular direction, in combi-
nation with the finishing-cutter, substantially
as set forth.

12. The combination, with the finishing-
cutter, of a pair of planes bearing against op-
posite sides of the ball and moved in a circu-
lar direction, substantially as described.’

70

75
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13. The combination, with the finishing-- -

cutter, of a pair of planes bearing against the
ball at diametrieally-opposite points, and
moved in the same circular direction, one in
advance of the other, as and for the purpose
set forth.

14. The combination, with the finishing-
cutter, of a pair of planes bearing against said
ball at diametrically-opposite points, and ‘a
pair of wrist-pins to which said planers are

secured, said wrist-pins being placed one in:’

advance of the other and moved in the same
direction, as set-forth. -

15. In a machine for making balls, the com-
bination, with the forming - cutters and a

85
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trongh or chute, of the finishing-cutters and.

a rest for supporting the ball between said
cutters while they are closing together, sub
stantially as set forth.

16.- In a machine for making balls, the com-

I00

bination of a pair of finishing-cutters and a -

spring for forcing them together, as set forth.

17. The combination, with a pair of finish-
ing-cutters and a spring for forcing them.to-
gether, of a stop for limiting their approach,
substantially as set forth.

18. The combination, with a pair of cutters
and a spring for forcing them together, of.a
cam for opening them, as set forth.

19. In a machine for making balls, the com-

105
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bination of a rotary mandrel carrying the .

blank - bar, an intermittent feed, a series of
cutters acting simultaneouslyand each in suc-
cession upon a given portion of the blank,

‘and a pair of finishing-cutters, substantlally

as set forth.

.20. The combination, with the head stock,
of a lever fulcrumed thereto, a two-part nut
connected with said lever upon oppositesides
of its fulerum, and the feed-screw withiwhich
said nut meshes, substantially as set forth.

115
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21. The combination, with the rotary man-

drel, of the non-rotating cutters for channel-
ing the blank-bar and the rotating cylindrical

cutters for-shaping the ball, substantlally as

set forth.

22. The combmmtwn, with the rotary man-
drel carrying the blank-bar, of the series-of
cutters for acting simultaneously and each in

‘succession upon a given .portion of .said bar

125

130

and a support or-guide located between eachj{:-f‘

two cutbers, as set forth.

S
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23. The combination, with the finishing-
cutter, of a pair of non-rotating planes bear-
ing against opposite sides of the ball and
moved in a circular direction, substantially as

5 set forth. :

24. The combination, with the finishing-
cutter, of a pair of planes held in contact with
the opposite sides of the ball with a yielding
pressure and moved so as to rotate said ball,

10 as set forth.

26. In a machine for_ finishing balls, the

combination, with means for imparting rota-
tion thereto, of a pair of finishing-cutters
pressed into contact with the ball at opposite
points, as set forth.

WILLIAM HILLMAN.

‘Witnesses:
STEPHEN HERBERT NORTON, _
1 Clifton Terrace, Lower Ford Street, Coventry.
JOSEPH WALSGROVE, _
W heatley Street, Coventry.



