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6 Claims.

The invention relates to metalfurgy and more
particularly to a method and apparatus for man-
ufacturing shot -or pellets in globular form.

According to the invention, shot or pellets are
made by subjecting a pool of molten metal to
rapid vibrations in such manner as to project the
shot or pellets out of the molten pool whence they
are permitted to have a free fall to globulize them
into spherical shape while still molten. 'The mol-
ten shot or pellets may be collécted in a pool of
water which causes them to solidify while in the
form of round balls.

According to one form of the invention, the
molten metal may be poured into an open top cru-
cible and this crucible subjected to vibrations
- along three axes, a vertical axis and two hori-
zontal axes perpendicularly related. The appli-
cation of these vibrations is such as to cause the
surface of the molten metal to form small peaks
which detach themselves from the molten metal
and are ejected from the molten bath upwardly
and so -spread that many fall back clear of the
crucible into a suitable space permitting a free
fall.

Electromagnetic or mechanical devices or a
combination of the two, may be provided for im-
parting the desired wbratlons to the molten bath.
In some cases,
along three axes, it is sufficient to apply forced
vibratipns along a single vertical axis only, there
being sufficient vibrations induced along the other
axes to obtain the desired result.

The invention further consists in the new and
novel features of operation and the new and orig-
inal arrangements and combinations of steps in
the process hereinafter described and more par-
ticularly set forth in the claims.

Although the novel features which are beheved

instead of applying vibrations .

of applying vibrational forces along the three
principal axes;

Fig. 4 illustrates diagrammatically the effect
of applying’ electromagnetic vibrational forces
along a single Vertlcal axxs to a pool of molten

" metal; and
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to be characteristic of this invention will be par- -

ticularly pointed out in the claims appended
hereto, the invention itself, as to its objects and
advantages, and the manner in which it may be
carried out, may be better understood by referring
to the following description taken in connection
with the accompanying drawing forming a part
hereof, in which

Fig. 1 illustrates dlagrammatwany the action
of vibrativns along a single horizontal axis.on a
pool of molten metal;

Fig. 2 represents diagrammatically the action
of two horizontal, perpendicularly disposed vi-
brational forces on a pool of molten metal, Figs.
1 and 2 being shown to ‘assist in" explammg the
invention;

Fig. 3 il]ustrates diagrammatically the effect
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Fig. 5 illustrates the mechamca,l application of
a single vertical v1bratxona1 force to a pool of
molten metal.

" In the following description and in the cla,ims )
various details will be identified by specific names
for convenience, but they are, intended to be as
generic in their application as the art will permit.

Like reference characters denote like parts in

the several figures of the drawing.
" In the drawing accompanying and forming part
of this specification, certain specific disclosure of
the invention is made for purposes of explanation,
but it will be understood that the details may be
modified in various respects without departure
from the broad aspect of the invention.

Referring now to the drawing, and more par-
ticularly to Fig. 1, the vessel or container {0 holds
a bath of molten metal 11 and the vessel has ap-
plied thereto vibrational forces by an electro-
magnet (2 in a single horizontal direction indi-
cated by the arrows 13. It will be seen that these
vibrational forces cause ripples across the hori-
zontal surface of the bath forming traveling waves
indicated by 14. ) )

If, now referring to Fig. 2, a second electro-
magnet I8 is provided acting along a horizontal
axis at right angles to the axis 13, additional
horizontal waves acting along the axis 6 will be
provided. The action of the two horizontal vi-
brating forces serves to break up the surface of
the molten bath I1 into peaks indicated by i7.

If, now referring to Fig. 3, an additional elec-
tromagnet 18 is provided acting along a vertical
axis 19, the forces applied to the peaks {7 will
cause them to overcome the surface tension of the
liquid, and the peaks IT will be caused to separate
from the surface of the liquid H{, forming globules
of molten metal indicated by 20. These globules
20 will be projected upwardly forming a shower
of molten globules which will be projected up-
wardly and spread laterally, falling downwardly
free of the container, as illustrated in Figs. 4
and 5.

In some instances, it is only necessary to apply
forced vibrations to the bath along a sirgle axis.
Both Figs. 4 and 5 show forms in which forced
vibrations are applied only along a vertical axis.
In both cases, the vertical vibrations set up in-
duced horizontal vibrations having components




at right angles to each other so that peaks will
be formed on the surface of the bath and molten
globules will be- ejected from the molten bath
in a manner similar to that described above;
Referring now to Fig. 4, the crucible is denoted
by 30 and bath by 31 and the ejected globulés by
32. The crucible is supported by a vertical rod
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shower of particles falls clear of the crucible.

These particles may be given any suitable sub-
sequent freatment. For example, they may be
prermitted to fall freely into a pool of water to
solidify them into round metal particles or pel-

- lets. If desired, to prevent oxidation the proc-
" ess may be carried out in an inert or non-oxidiz-

33 slidably mounted in a stationary support 34 -

which also holds an electromagnet 33 operating

upon an armature secured to the rod 33.
Referring now to Fig. 5, the crucible is denoted

by 40, the bath by 41 and the molten globules by

42. Here the crucible is supported by a rod 43

slidably mounted in the support 44. For apply-
ing vertical vibrations lengthwise of rod 43, an
electri¢c motor 45 is provided driving an eccentric
48. The eccentric 46 cooperates with a strap 47
attached torod 43.

It will be understood that the natural period
of the induced horizontal vibrations in Figs. 4
and 5 will depend somewhat upon the mass and
elasticity of the vibratory structure, the elasticity
being imparted by the stiffness of the rod which
bends laterally under the forced vibrations ap-
plied by the driving electromagnet or electric
motor.

It is desirable in all cases that the frequency
of the forced vibrations be substantially equal to
the natural period of the vibratory system, thus
obtaining a condition of resonance. It will be
understood that, if desired, each of the forced
vibratory systems above described may have an
elastic element, such as a spring, incorporated

therewith to give - a natural period closely ap--

proaching or equalling the period of forced vibra-
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tions. - In some cases the natural elasticity of the

structure may be sufficient to give the proper nat-
ural period; if not, extra springs may be added.

The solenoids may be of any necessary or de-
sirable construction. Also, any sourec of alter-
nating current of the proper frequency may be
used. In one form, the solenoids may comprise
coils spaced axially having an armature disposed
therebetween, which is attached to the crucible.
Suitable rectifying apparatus may be connected
to the source of alternating current for impress-
ing an electric impulse first on one coil and then
on the other coil, so as to pull the armature back
and forth at the proper rate. Or, if desired, a
polarized electromagnet of the types used in tele-
phone receivers or loud speakers, may be used.

If desired, the process may be continuous by
providing a suitable feed pipe for feedine the
molten metal into the bath at a rate depending
upon that at which the molten metal is dis-
charged from the crucible. It will be understood
that the crucible and feed pipe may be made of
suitable structural material, such as iron or steel,
provided with suitable lining to.withstand the
high temperatures. X .

The shape of the crucible is not especially criti-

cal, nor is its depth, so long as the bath has suffi-
cient area and depth that the side walls do not
interfere with the formation of the proper wave
pattern. .Furthermore, it is not necessary that
the crucible partake. of an actual bodily move-
ment. In case of substantial amplitude of vibra-
tion, bodily movement of the receptacle will oc-
cur, but in some instances, the vibrations may
have such small amplitude that the shock may
be transmitted through the walls of the recep-
tacle to the liquid bath without substantial move-
ment of the receptacle itself, )

In all cases the molten globules are ejected
vertically and spread laterally so that a great

ing atmosphere.

The size or sizes of the shot or pellets formed
will depend upon the frequency or frequencies at
which the bath vibrates. It is not necessary that
the -forced vibrations applied along the three
reference aXes be of equal frequency or in phase,
although it may be desirable to have all three
vibrations of equal frequency or else multiples of
the same frequency.

The presence in the bath of more than one
frequency, either natural or forced, causes dif-
ferent sizes of shot to be made simultaneously.
The presence of more than one frequency may
be due to a 'number of causes, For example, it
may be caused®by the natural periods of the vi-
bratory mass not being the same as those of the
forced vibrations. Or, it may be caused by ap-
plying. impure forced vibrations, that is, vibra-
tions which do not correspond to pure sine waves
but which have harmonics present. Or it may
be caused by deliberately making the forced vi-
brations applied alpng the different axes differ-
ent from one another in frequency.

In any event, where different sizes of pellets
are formed, they may be separated out in any
desired type of sizing machine. It has been
found that the sizes of the shot manufactured
according to the invention corresponds closely to
the frequencies present in the bath, and that the
various sizes of shot made in any one operation
all ie within a limited range of commercial sizes.

Thus a simple and inexpensive method of mak-

40 ing shot or pellets is provided. This method will
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apply to any material capable of being heated to
a liquid stage and held in a receptacle and which
can be converted to a: solid stage after ejection
from the receptacle. Such a method is particu-
larly applicable to metals, especially iron and
steel, including the so-called hard jrons, alloy
irons and alloy steels. The invention is especial-
ly .adaptable for the manufacture of shot used
iy shot blast machines either of the air blast
type or of the centrifugal blast type, for cleaning
or removing scale or dirt from castings or forg-
ings, for peening the surface of materials for the
purpose of increasing their fatigue life, or for
producing a pleasing and attractive finish. '

It is a comparatively simple operation to apply
molten metal to the crucible and to vibrate this
crucible at a frequency or frequencies corre-
sponding to the size or sizes of shot desired.
Great uniformity of size is obtained, which size
may be accurately controlled by the value of the
frequency or frequencies applied.

‘While certain novel features of the invention
have been disclosed herein, and are pointed out
in the annexed claims, it will be understood that
various omissions, substitutions and changes
may be made by those skilled in the art without
departing from the spirit of the invention.

What is claimed is:

1. The method of producing metal - pellets
which comprises subjecting molten metal con-
tained in an open top vessel to forced vertical vi-
brations acting along a substantially vertical axis,
said vibrations being of such frequency and ams-
plitude as to eject a shower of molten particles
upwardly from the open top of the vessel and
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causing sald ejected part!cles to have free fall to
cause them to solidify into spherical pellets,

2. The method of producing metal pellets
which comprises subjecting molten metal con-
tained in an open top vessel to forced vertical vi~
brations acting along a.substantially vertical
axis, causing said forced vibrations to induce in
the molten metal natural vibrations along a plu-

rality of horizontal axes, said vibrations being of

such frequency and amplitude as to eject upward-

ly a shower of molten particles from the vessel, .

and causing said ejected particles to have free
fall to cause them to-solidify into spherical pel-
lets,

3. The method of produclng metal pellets
which comprises subjecting molten metal con-
tained in an open top vessel to forced simultane-
ous vibrations, separately applied in a vertical
axis and in two horizontal axes perpendicular to
each other, said vibrations being of such fre-
quency and amplitude as to break up the surface

of the molten metal into peaks and to eject said .

peaks in a shower from the surface of the metal
and thereafter permitting-said peaks to have a
-free fall to freeze them into solid pellets. ‘

4. The method of making metal pellets by ‘a

tontinuous process which comprises feeding
molten metal on to a solid surface, whﬂe vibrat-

10

15

20

3

" ing sald surface in a direction substantlally
transverse to the extent thereof, in such manner
as to cause molten globules to separate from the

-molten metal in a direction substantially normal
to the surface thereof and to fall free thereof,
" then causing sald molten globules to solidify as

metal pellets, and recovering sald pellets.

.- 5. The method of making metal particles which
comprises, placing a quantity of molten metal
on an imperforate surface, generating vibratory
energy, imparting sald energy to said metal by
vibrating said surface to cause particles of the
molten metal to separate from said quantity and
to be thrown off in a direction substantially nor-
mal to the surface of the quantity of metal; and
cooling said particles below their solidification
point,

6. The method of making ferrous particles
which comprises, placing molten ferrouis metal
on an impervious solid surface; generating vi-
bratory energy, applying said vibratory energy
to said solid surface in a direction substantially
normal to its extent to disperse spontaneously the

‘molten metal into molten particles and to direct.:

said particles substantially perpendicularly away

- from’said surface; and cooling said particles be-

low their solidification point.
CHESTER E. UNGER.




