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To all whom it may concern:
Be 1t known. that I, Orro SrAHR, a, cﬂnzen of the
United States, reﬂldmfr at Phﬂadelphla county of

Philadelphia, and State of Pennsyh ania, have made
a new and useful ‘Invention in Method or-Process of
Ma,klng Hollow Metal Balls, of which the followmg is |

a specification.
My invention has for its ob]ects-——ﬁrst the produc-
tion of a hollow metal ball having a shell of the sane

relative thickness at every point of its internal and ex-

~ ternal surfaces: second, the production of a hollow
~ metdl ball possessing greater symmetry.and strength

15

than has been possible with such balls as heretofore
devised. Third, the productlon of a holiow pre sed
‘metal ball. | | -

Prior to my invenﬁiﬂn_ it was cId in the art t> con-

‘struct hollow metal balls by rolling a disk of metai first

- into hemispherical or cup form, thc cup part o’ which
- had the same diameter as the corapleted ball and then

20

rolling the outer edge of the cup inward until the ball
was eompleted, these successive sieps being effetted
through the agency of rotary dies. Such balls, how-

~ ever, when completed are open to the objection that

25

on the final completion thereof during the ‘process of
turning in the edges of the cup there always results a

surplus of metal so that the compleced baii is not SyIm-
- metrical.

It was also old in the art to corstruct a
hollow metal ball from s rectangular-shaped plate oi

- metal by forcing the same through a die in such man-

30

ner a8 to turn the corners of tho plate upward, thus

. forming a cylindrical cup having lateral and inwardly

| Inclined edges, and afterwards closing the upper por-
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i

tion of the cup #by successive steps due to pressure.
Metal balls formed by this process are also open to the
objection that the surplus of metal which results from

~ the corapletion of the ball at Ihie open side of the cup

makeq the same non-symmestrical.

My inver{ion overcom::- this Db]ectmmtl}le feature
and T am cnabled to make a pressed metal ball the in-
ternal and external surfaces of which are absolutely
concentric at all parts, thus providing a ball which is
equally strong for all diameters thereof and is abso-
lutely symmetrical. I accomplish this result through

~the agency of punclies and dies so constructed and op-

erated that a disk or mass of metal to be operated upon
is first caused to assume a hemispherical shapeand then

successive cylindrical shapes.
or open edge of the cylindrical part to be gradually
thinned so that any longitudinal section thereof is of
a wedge-like nature I then by successive steps cause
the thin edge to be turned inward until the mass of
metal assumes a spheroidal shape; finally compressing

the metal into a spherical shape with a limited projec-

tion of such metal extending beyond the outer surface
of the sphere, which projection of metal is ultimately

I then cause the outer

|

'

in this way 1 am en-
whitch 1s absolutely sym-

sumes the desiled symmetry.
abled to make a holiow ball

, metr_lcall throughout every portion thereof.

For a full and clear understand:ng of my invention,
such as will enable others skilled in the art to construct
and use the same, reference is had to the accompany-
mg drawings, in.which -

Figure 1is a plan view. of & metal disk to be operated
upon, and, Figs. 2 to & inclusive are sectional views

taken through’ tlie dies and the material as it is suc-

cessively  subjected to the action of such dics, the
punches for effectiug the successive actions through the
dies being shown in elevational view. 1'igs. 6 to 10
inclusive are rectional views taken through further suc-
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cassive formes of dies and their surrounding guiding

sleeves, illustrating also in scctional view the succes-
sive conformation of the material being acted upon.

Fig. 11 illustrates in sectional view. a completed ball: .
Fig. 12 isa side elevational view of such ball. |

All of the drawings are mad:: to scale and are designed
to moke a hollow metallic bail having an extertor di-
ameter of 1} inches and an intorior diameter of 1 inch.

Referring now to the dravings in detail and first to
Figs. 1 0 4 inclusive, 1 represents the material to be

-acted uovon, shown 1n Fig. 1 as a metallic disk, prefer-

ably ot steel and practically two and three-eighths
inches in diameter and one-cighth of an inch thick; 2
being cylindl ical dies of the conformation shown, each
successive die being of shg hily smaller diameter than
its predecessor. 3 represents a punch having a henu-
spherical end and of cylindrical cross section, as shown
in Figs. 2 and 3, and a similar end but of cone-shape
as shown In Figs. 4 and 3; said dies being successively
smaller as will he apparent on cxanmiuation of the draw-
1ngs. |

After the metal is subjected to the action of the dic
3 1n Fig. 2 it assumes the hmmspﬂe\ru al shape iHlus-
trated by the number 4 and 1n position in Fig. 3 for
the action of the punch in that figure, which action
gives to the same the cylindrical conformation shown
in Fig. 4 where it is now ready for the action of the first
punch having a conical conformation, and when sub-
jected to this action it assumes the conformation shown
in Fig. 5, being gradually thinned at its uppet edge.
On forcing the punch 3 through the die 2 with the
material in position as shown in Fig. 5, it is given the
conformation shown in Fig. 6; that is to say, the upper
edge 1s further thinned. It should be remarked in this
connection that when metal of this nature, particu-
larly steel, is subjected to such a process it becomes
brittle and liable to crumble or break and, therefore,
it is important that the material shall be placed in an
annealing oven and subjected to any of the well known
processes of annealing for the purpose of putting it in
condition fo proceed with the process. I have gscer-

forced inward by pressure until the completed hall ag- | talned in practice that ordinarily this annealing and
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reannealing b]]ﬂlll(i be effected at aboui every third

—or fourth operation, but the operator will be giwemed

D

10

by his Judﬂnwnt on examining the metal under treat-

ment, such matters being well within the skill of those
versed in the manufacture of plmatd metal articles. <

after being subjected to tha opemtwn due to the dic

shown in Fig. 5 the matenial 4 1s placed n a die of the
conformation shown in Fig. 6 in which the lower half

‘thereof 1s of hemispherical interior form and of the

emet diameter of the exter 101 diametor of the ball to
be produced. The upper half of this dic is of the con-

~formation shiown and both of said halves are cylindrical
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exteriorly and fit accurately within a ‘Thollow cylin:
drical metal guiding sleeve 7. On  forcing the dies 5

and 6 towothm the material assumes the ]’)[}&-1131011 shown
in Fig. 8 where it is again subjected to the action of an

additional pair of dies 5 and 6, the lower one of which
is-the duplicate of the lower die shown in Tig. 6, thé

“upper die having the conformation shown and :Ldapted
when the two dies are forced togethier to g1VL to the
materﬂl the conformation shown in Fig. 9, in which
there is substituted for the die 6 of Ifig. 8 a die of the
“conformation shown having a centrally located opening

so arranged that when the dies are compressed still

further and their faces br ought together the material
assumes the confuumtmn shown in Fig. 10, the dies
being now closed face to Hace; WhﬂL there results an
upwmdlv e¢xtending metallic neck as illustrated. An

additional cylindrical male die 8 provided at its Tower

end with a curvature corr eapnﬁdmtr with the curvature
of the exterior of the ball i3, now inserted and forced

~downward until the uppor end is flush with the upper
end of the die 6, thvwhy causing the material to be

firmly set or unltr&(l together so that the ball is com-

pleted and assumes the conformation shown in Cross

section in Fig. 11, which it will be n(}md 1&: 'quc.-]utuly
symmetrical lemgh(}ut -

I have ascertained that o ball as thus c:onstructod
and ocapm:mlly when - madées of ‘good ‘steel possesses
sufficient strength to meet with the requirements which
are usually placed upon-solid steel balls, this heing

due to-the fact of the entut., symmetry thorcof both |

inside and out.

I do not limit the fmppll ation of my process tothe.

use of the special tools illustrated in the accompanying
drawings, as ohviously some .of -the features. thereof
micht be accomplished by different devices. To
illustrate, instead of thinning the upper edge of the
hemispherical part by a cone-shaped die, as shown in

Fig. 4 of the drawings, this thinning step might be
effected by placing the cup in a tirning lathe and turn-

ing it out or by turning the outer surface {}f 1,110 cylin-
ducal part of the cup downw‘wd 80 28 to give to the
mass of metal the same wedge-like shape in cross gée-

in yention boing of such a nature that I believe I am
outitled broadly to ‘the production of 2 metal ball or

- cup of h(’l‘ﬂl‘iph(‘l‘l(‘&l shape Wwhich is 511cceqswely

formed into a shoft cyhmler or.cylinders of dﬁ” grant.

Taneth, hvmmpherlml ab one end and then th-lrmpd_

I down to 1eave a sulﬁclent mass of meml such that When |

the'metal is again turned mward upon | itself the amount

parts thereof- and having, therefore, like 'str engtﬁ
construed as of the most generic nature as to the method

a hollow symmetrical metﬂ,l bail.

same process hereinbefore described may be effected,

operator.

hereinbefore deseribed *md heretnaftor claimed, as said

of March, 1907, bearing Serial No. 362,280,

-and desire to 'secure by Lt,tters Pﬂ,tent (}f the United
States 19— | |

1. The desmibed 1}1ncess of making a hollow metql hilﬂ
(*tmslqﬁnfr in first fotming -a mass of metal Into & hem!-

the cup iuto a eylindrieal form; then thinning the body

sphmical shell of the same:cross section throughout. -

| m{,tal ball, consisting in first compressing U disk of metal

the thinned edge inward by suecessive: beudinu; and swaging

matevial heing SIID]ECtEd to an snnealing pl‘ﬂCESb :11: various
stages of the before-mentioned steps. -

3. The described process of makinga symmetrmal hnllow
metal ball, ennaistlng in subjecting a metal disk to pres-
sure and in. sueh manner asg.to form-a hemiaphere, then by

- and finally further turning the eﬂﬂ'e inward under pres-
sure by successive bending "and swnginﬂ' steps- nntil the

mags assumes-the conformatlon of a perfect Sphﬂl‘

"~ In testimony whereof I hnve signed' my name to this

OTTO SPAHR.

Witnesses - .
H. (‘UM}N Dowrs
Y \L‘Piuu Hnw Eu; w:u.

-_—
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11.124‘,#:;‘,.:_._‘,_’ - .
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throughout all parts thereof, and my claims are to be

T make no claim’ in the presont %pphmt"on o 'thb-
novel ball which results from the  pr actice of the process -

Having thua descrilled my mventmn what 1 f,]a}_m'-

sphevical cup ; then simultaneously dlmimslunw thtw dinme-
ter of -the hemisphere and lengthening the body part of’

part thereof towarad its uufel adge and finally turning the
thinned edge inward by’ sutcessive bending and swaging
steps until the mass assume& the form of a symmetrical

‘speeification in the presence. nf two suhami‘umfr ‘W’ltnquem *

65

thereof shall be sufficient to resalt in'a hollow metal < .
ball or sphere, absolutely symmetrical throughout all. o

70

| Of operation and as to the resultant pmduct namely, -

Although I have described a novel pm{,eas of makmg -
a hollow symmetrical ball from sheet steel, 1 do not-
limit myself to the use of such metal, as obviously such .
" balls may be made from dny metal which may be
acted upon by dies and punches in the manner indi-
cated, and I have asc ertained that in the. mwnufaﬂure of
such. balls from dlffment kinds of metal pr actically the *
80 .
- the annealing steps being made dependent-upon the -
‘condition of the metal as the process proceeds and being
applicable in acmrdmca mth tht., best ]udfrment of the

35

ball is made,’in accordance with the requ_’trement of
- the Examiner, the subject matter of a divisional appli-

+-cation filed in the U. S. Patent Office on the, 14th da}f 99

95.

100

The described process of mnking a hollow symmetrical'_ 'f. S
1066 .
into the form of a hemisphere; then lengthening ount the . <

- body part thereof into 1) cylindrica.l fmm then gmdually‘_- I
thinning said body part toward its outer edn'e and finally. o
hy the successive :1pplicat10n of *external pressure turning S
110 -

steps until the mass assumes the form of a symmetrieal . -
“spherieal shell of the same cross section: ‘throughout, the =

. the. ﬂpplif:atian of further pressure. lengthening . out the":-” ]
hody part.of the hemisphere and simultaneously . reducing . -
| ita thickness toward-the eﬂge thereof then ﬂllbjECting‘ the
‘same to an annealing pmcesa . then by succeasive benﬁing-_-'
“and. swaging steps due to’ pressure turning the thinned ™

fmn Also the same result might be offected by sub- edge Inward into spheroidal form : then again ﬂﬂﬂ&ﬂli‘ﬂg‘,‘.,

]e('tmﬂ' the cylmdrlca,l portion to the action of f{}rgmg*
mechanism of such peculmr construction as would give
thf:- cup-like form siiown in the drawings, my generic -
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