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To «ll wlony it nwy concermn:

Be it known that I, EDwWARD A. JONES, a
eubgect of the Queen ef (xreat Britain, resid-.

ing at Tonawanda, in the county of Erie and

St&te of New Y erh, have invented a newand.

useiul Improvement in Machines for Making
Metal Balls, of which the following is a speci-
fication.

This invention 1‘e1a,teb to a machine hV
which metallic balls are made from rods.or

bars of metal by rolling or swaging portions
of such rods or bars between movable dies.

Heretoforethese dies have been made straight
and have had a rectilinear movement in op-

posite directions, or they have been made

curved and mounted upon the cylindrical
faces of disksrotating in opposite directions.

A straight die moving in a rectilinear path.

has also been Cembmed with a’ curved die
moving in a circular path. :

My mventlen has particular reference to a
machine in which two curved dies are mount-
ed upon rotating disks and has the object to
improye the construction of such a machine,
S0 as to compact or condense the metal more

thoroughly and to produce balls of more true_!:

or ex Iet Spheneel form.

In the accompanying drawings, eonelstmn'
of three sheets, Figurelis a lenﬂ*ltudum,l Sec-
tional elevation of nmy 1111p1‘0»'ed ball-forming
machine. Fig. 2is a top plan view thereef

I‘lﬂ'. 318 a eross—*-eetlon thereof in line x =z,

I‘lo 1. Tig. 4 is a face view of oneof the dle-
carrying dlsks
vation of one of the disks and the gage for

the blank, ‘Fig. 6 is a frabmentmy section .

showing the blenk between the opposing dies.
I1g.7 is a detached view of the swaging-dies,
Shewmn' their p031t101:1 preparatory to seizing
the bldllL FFig. 8 is an elevation of one of
sald dies. I‘w.
thereof. FKig. 10is aface view thereof. Figs.
11, 12, 13, and 14 are transverse sections of

the opposing dies, showing the progressive

steps in forming the balls.

g, 15 1s a view
of a ball before it is finished. ;

- Like letters of reference refer to like pfute
1n the several figures.

- A represents the main frame of the ma-

chine, eonelstm o, essentmlly, of a top plate ¢,

cross-pleces @, and legs a,

elde pieces a’,

9 1s a longitudinal section

'
Lo - e .

Fig. 5 is a fragmentary ele- |

A —

B mpresents the main driving-shaft, ar-

ranged lengthwise in the frame underneath

the top plate and Journeled in bearings ot
secured to the cross-pieces a2 and a stand&rd
., arranged adjacent to one end of the mam
frame. |

- C C’ represent tight and loose pulleys ar-

;mnﬂed on the Shaft between the standard

and the nrain frame.

:thelr flat opposing faces separated a suitable

‘distance.
rear sides with stub -shafts E E’, journaled, re-

The disks are provided on their

55

o S | 60
- D D’ represent two die-car rying disks ar--
ranged transversely in the main frame with

spectively, in bearings e e’ ¢? ¢, secured to

‘the top plateof the main frame.
;shafts are arranged in line with each other

and are sur rounded by split conical sleeves
e, which areadjustably arran u'e("t in. thebear
ings to take up wear.

- o represents a gear- Wheel Leyed to the
jshdft E of the disk D between its bearings e
e’ and meshing with a pinion fon the main
driving-shaft, Wheleby the disk D is rotated
dlreetl) from the driving-shaft.

the .disk "D’ between its bearings ¢* é3,
‘meshing with an idler gear- wheel g, mounted

G is a gear-wheel keyed to the ehait E’ of
and

on a longitudinal %hafl: g', journaled in the

ma,m fmme

:J"“ on the driving-shaft, whereby the disk I’

is'rotated in a dwectlen 0pp0$1te te that of
the disk D. -

disks are held against baekward movement.

I repre‘;ehtb thrust-bearings arranged on
the outer ends of the disk- ehefts whereby the

‘Each of these bemmﬂs 1S prowded with an

annular row of balls h, arranged in a cup or

recess i/ in the outer end of ecLeh shaft,and a

follower h* bearing against said bells.,
follower is prowded on 1its outer side with a

Kach

serew-threaded shank ar ranged in a hracket
13, secured to the adjacent bemmﬂ and pro-

| disks on opposite sides of each shaft.

vided with a Jam-nut /v!, wher eb) the follower -

can be adjusted.
1 represents thrast-r ollers whereby the ounter

portions of the die-carrying disks are held
| against backward movement.

are journaled in brackets ¢, secured to the top
plate, and bear against the rear side of the
These

This idler meshes with a pinion

These rollers

These stub-~

75

80

Qo

95

I1Q0



5 | 455,880

“brackets are adjustably secured to the top
plate by means of bolts ¢/, passing through

face is ground so that it rises gradually in a
curve to the point n, which is located about

slots 7%, formed in said brackets. 1 one-fifth of the length of the die from the 7o
- I’ represents an intermediate ball-bearing | rear end, and from there the die-face contin-
5 arranged between the adjacent inner ends of | ues to the end parallel with the base-line of
the disk-shafts, whereby the disks are pre- | the die. o . -
vented from approaching each other. This | M represents a V-shaped rest for support-
~ bearing consists of a cup 3, an annularrow of | ing the blank as it is fed between the dies. 75
balls 74, arranged in said cup, and a follower ¢° | This rest is secured upon the tront portion of
10 bearingagainstthe balls. Thecupandthefol- | the top plate between the dies. - -
lowerare each provided with a serew-threaded M’ represents a stop or gage whereby the
shank whichengagesinascrew-threadedopen- | inward movement of the blank is limited as
ing in the adjoining disk-shaft. By meansof | the latter is fed between the dies. Thisgage %o
these adjustable ball-bearings at the outer | is secured to the flat face of one of the disks
iz and inner ends of the disk-shafts the end- | opposite the front end of its die, and 18 made
" thrust of the disk-shafts is relieved and the | adjustable -by means of slots m#, through
disks can be easily adjusted longitudinally | which the fastening-bolts m® pass. Theiront
in the machine. " lendsof the dies are rounded to permit the 33
J J' represent the dies whereby the blank | blank to enter between the dies, and the face
20 is rolled and swaged into a spherical form. | of cach die is of sufficient width on each side
~ These dies are secured in pairs to the flat | of the groove to enable the dies to firmly
opposing sides of the disks, so that the work- | grasp the blank on opposite sides of the
ing-faces of each pair of dies move past each | groove, as represented in Figs. 5 and 11, QO
other in opposite directions. Each ot the The bar or blank is heated and places on
2z dies consists of a steel bar curved concentric | therest. Whenthe gage arrives opposite.the
with the disk-shaft and arranged with its | rest, the blank is pushed against the gage
back between two concentric ribs 75, formed | and the dies then seize the blank. Asthe
on the front side of the disk, as represented | dies rotate past each other their faces gradu- 95
in Ifig. 4. | . | ally approach each other, and force the metal
30 4% represents adjusting -screws arranged | into the grooves of both dies. 'T'he flat faces
- horizontally in the die, between-the ribs 75, | outside of the groove seize the blank as soon
and bearing against the back of the die, for | as the front ends. of the dies arrive opposite
adjusting the same horizontally toward and | each other, and grasp the blank so firmly that 100
from the opposing die." ‘they crowd the metal inwardly and force it
35 j° represents set-screws arranged radially | into the groove from the beginning of the
" in the outer rib j/ and engaging against the | operation, instead of spreading the metal,
outer side of the die, whereby the latter is | which takes place when the front portions ot
clamped against the inner rib j and secured | the dies are narrow and have a rearwardly- 105
in position after adjustment. - | diverging form. During the rotation of the
10 The working-face of each die is arranged | diesthebarbetweenthemisrolledandiwisted,
~ nearly in a plane at right angles to the axis | but remainsg practically at the point where it
of . rotation and is constructed as follows: A | was introduced between the diesuntil itisfin-
semicircular groove K is first cutinto the face | ishedinto a ball. When the dies are rotated xro
~ of a curved steel bar having the same thick- | so that the summits /" of both grooves stand
45 ness throughoutits length. This groove com- | opposite each other, the bar is pressed or
~ mences at the front end I of the bar and | swaged to such an extent that the metal is in
rises rearwardly with reference to the base- | contact withthe bottom of the groove,as rep-
line or back L of the bar to the point!’, which | resented in Fig. 12, and completes the equa- 173
is located about one-fifth of the length of the | tor o of the ball. During the subsequent ro-
¢o barfrom the front end, and then falls with ref- | tation of the dies the projeeting die-faces
“erence to the base-line to the rear end /2 of the | continue to. approach each other and the
bar, thereby forming a groove composed of | depth of the groove increases in proportion.
an ascending front portion m and a descend-'| This causes the dies to erowd the metal into 120
~ing rear portion m’. The inclination of the | the groove and increases the spherical form
c¢ aseending front portion m of the groove is | of the ball. . When the dies have rotated so.
very slight and that of the descending rear | that the highest points n of the faces stand
portion is about the same. The projecting | opposite each other, the ball is twisted or
portions of the bar forming the inner curved | pinched off from the bar, as represented 1n 125
face portion m?* and the outer concentric face | Fig. 13, which leaves the ball with two. pro-
6o portion m® on opposite sides of the groove | jecting poles p p’, as represented in Kig. 1o.
~ are next ground down, so that the face of the | The preliminary formation of the ball is et-
die gradually rises from the front end toward | fected by the pressure of the dies againstthe
the rear end. The die-face is ground down | equatorial side of the ball, which causes the 130
to about one-half of the depth of the groove | ball to revolve or roll at right angles to the
65 and parallel with the bottom of the latter | rotation of the dies. During the final opera-

tion of the dies from the point n to the end
of the die the projecting poles of the ball are

from the-front end of the die to the summit
I’ of the groove. Bevond this point the die-
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removed and the ball is delivered from the
dies in a perfect spherical form, as follows:
The die being curved concentric with the

axis of lotatzon the outer curved wall of its

groove extends over a oreater distance than
1ts inner wall, which ig arranged nearer the

ax1is of the d1eq The lineal dlff'—"l ence be-
tween the outer andinner walls of the OTO0Ve
causes the ball to be rotated on an axis par-
allel with the axis of the dies, or at ri ight an-
gles to the axis on which the ball 1otaled be-
tore 1t was severed from the bar.
being so rotated both by the opposing faces of
the dles 1n one direction and in another di-

rection by the difference in the length and

speed of the groove-walls receives a spiral
movement, which causes the ball *o present
all parts of its surface to the action of the
dies, thereby enabling the latter to remove
the poles or p10;|e(3t10ns and producing
of perfectly-&pherlcal form. Thls spiral
movement is retarded when the ball is in
contact with the bottom of the grooves, which
produce a uniform pressure OIl all Sldes of
the ball. To avoid this the grooves are cut
sufficiently deep from the pmnt n to the rear
end of the dies to form a ‘clear space

- tween the bottom of each die and the ball, as

35

40

55

represented in IFig. 14, which enables the

stde walls to exert a ﬂl*eater influence in ro- |

tating the ball. In order to increase the spi-

ral movement of the Dball in finishing the

same, the rear portion r of the face of one die
pro;;ects beyond the center line of the groove
toward the opposite die, and the rear portlon
" of the face of the opposing die recedes to
the same extent, as represented in TFig. 14.

~'T’his produces a bearing for the outer and

inner parts of the ball in the same die and

In a line passing diametrically throuﬂh the
ball.

The rear end of the groove in each die 18

rounded off, so as to cwou:l marking or in-.
denting the ba,lls as they issue from the dies.

As 1'ep1'esented 1n Fig. 4, each disk is pro-
vided with two dies, formmcr two pairsof dies.
By increasing the size of the disks a larger
number of dles may be employed and the
produet of the machine be correspondingly
multiplied. |

I claim as my invention-—

1. The combination, with two disks ar-

ranged in line and mtatmn" 1n opposite direc-
twns of ball-forming dies “secured to the op-
posing sides of the dlsks and provided with
curved grooves formed in the opposing flat
sides.of the dies, substantially as set forth.

2. A Dball- formmn* die having a curved-
~groove in which the outer side of the groove
lms a longer radius than the inner 31de and
flat faces beﬂ'mmnﬂ* at the front end of the
~die on both mdes of the groove and extend-

ing to the rear end of ’rhe dle,,. substantmlly
as set forth.

3. A ball - formmn' die having a groove
which ascends from the front end of the die

a ball

q be-.

Theball in |

point to Lhe rear end of the die, 811bstantlall3T
as set forth.
4. The combination of two curved dleb 1'0-

tating about the same axis and each provided
with a curved groove in its flat side, one of
sald dies being provided in its rear portion-
with side faces which project toward the other

die beyond the center line of the groove and
the other die being provided in 1ts rear por-
tion with cor 1esp011d1nwly receding side faees
substantiaily as set forth.

5. In a ball-for ming machine, the combina-
tion, with two Jevolvmn disks arra,nﬂed axi-
ally in line, of opposing dies secured to the
faces of b"LI(]_ disks, substantially as set forth.

6. In a ball—forming machine, the combina-

tion, with two revolving disks arranged axi-

ally in line, of curved dies secured to said
disks and having their working-faces ar-

75

30

ranged about at right angles to the axis of

‘the disks, substantially as set forth.

7. In a ball-forming machine, the combina-

tion, with two revolving disks arranged axi-

ally in line, of dies secured to the faces of
said disks, and a gage whereby the inward
movement of the bl:zmk between the dles 1S
limited, substantially as set forth.

3. Tn a ball- -forming machine, the combina-

tion, with the two revolving disks arranged

90

95

axially in line, of dies secured to the faces of

said disks, and a gage secured to the face of

one of said disks oppomte the front end of
- I00

A, In a ball-forming machine, the combina-

the die, substantially as set forth.

tion, with the main fralne, of two revolving
disks arranged axially in line and journaled
in bearings on the wmain frame, dies secured
to the faces of the disks, and thrust-rollers

bearing against the rear. mdes of said: disks,

substantmlly as set forth.

10. In a ball-forming machine, the combi-
nation, with two revolvmﬂ' disks arranged
amally in line, of dies secured to the fauces of
the disks,and a thrust-bearing interposed be-
tween the faces. of the dlsks substantlally as
set forth.

10§

ITO

11. In a ball-formuw machine, the combl-- |

nation, with two revolv ng disks arranged

&xmlly in line, and dies secured to their flat

faces, of a cup provided with a threaded

115

shank which enters one of said disks, a fol-

lower provided with a threaded shanlk which
enters the other disk, and balls interposed

between the follower :;md the cup, substan—

tially as set forth.

12. In. a ball- formmﬂ* machme the COI]’lbl-— |

nation, with the main fl&me, of two revoly-
ing disks arranged axially in line and pro-
vided with shafts journaled on the main
frame, and thrust-bearings engaging with the

120

125

ends oi the shafts, whereby ‘rhe end thrust

of the disks is 16]16\ ed, Substantmlly as set
forth.

13. In a ball- formmﬂ* machme, the combl—

nation, with two 1*ev01vmﬂ' disks mounted

upon shafts arranged amally 1n line and hav-

to a summit point and descends from said | ing dies secured to their flat faces, of a main

130
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?

frame in which said shafts are journaled, Witness my hand this 12th day of Janu-
and thrust-bearings composed of brackets ex- | ary, 1591. | * o
tending over the ends of the shafts, screw- | EDWARD A. JONES.
followers working in said brackets, and balls | A |

3 interposed between said followers and re- | ‘itnesses:
cessed rests in the ends of the shatfts, sub- Ir. C. GEYER,

stantially as set forth. | - ~ ALICE (. CONNELLY.
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