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5 Claims. (Cl. 22—51.2)

The present invention relates to a new and improved
method and apparatus for the continuous casting of mol-
ten metal. More particularly the present invention re-
lates to a new and-improved apparatus for the contin-
uous casting of molten metal to form a casting having a
homogeneous and uniform structure.,

The present application is a continuation-in-part of
our ‘copending application;, now abandoned, Serial No.
544,786, filed on November 3, 1955 and entitled “Con-
tinuous Casting Improvement.”

There are conventional casting processes of molten
metal known in the art which are identified as contin-
uous casting processes wherein the molten material is
poured into a mold in which it is solidified and the
solidified material is continuously withdrawn from the
mold. Therefore, there is always a portion of the ma-
terial in the mold which is completely molten, a portion
which is partially solidified, and a portion just before the
exit from the mold which is fully solidified.

In omne type of continucus casting process the solidified
material leaving the mold is sprayed with cooling water
in order to cool the same. This sudden cooling of the
casting by the water sometimes causes the casting to
break apart or causes other types of structural defects
therein. One method of preventing such structural de-
fects and splitting of the casting is to use cooling water
whose temperature is not too low. However, with such
an arrangement one of the primary advantages of water
cooling of a continuous casting is lost. That is, with
cooling water having a relatively high temperature, the
cooling of the casting takes a substantial amount of time
and the texture of the casting becomes substantially
thicker instead of the desirable finer texture.
~ When it is desired to produce casting from metal al-
loys containing alloying metals which are at pouring or
casting temperature partially or completely insoluble in
the melt and cause liquation, it is difficult and often im-
possible to obtain an even distribution of these alloying
metals in finely divided form throughout the entire cross-
section of the casting. Accumulations or nests of such
alloying metals impair the quality of ingots which are
destined to be deformed to sheets, rods, profiles, forg-
ings and the like in a chipless manner. For instance,
manganese which is desired in nearly all magnesium al-
loys because of its anticorrosive properties, easily forms
undesirable manganese streaks in sheets and profiles
when, for instance, to a magnesium alloy containing
about 6% aluminum and 1% zinc, manganese is added
in a quantity which exceeds its solubility at pouring tem-
perature by about 0.1%. In the case of free cutting
brass or free cutting aluminum alloys, the machinability
of the work piece is impaired by an uneven and coarse
distribution of lead or of the equivalent metals bismuth,
cadmium, tin, etc. )

It has been attempted to influence the crystallization
process in the direction of increasing the number and re-
ducing the size of grains during production of continuous
¢asting ingots by exposing the only partially solidified
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casting to the effect of a rotary magnetic field in order
to equalize localized differences in temperature and heat
content by causing a controlled circular movement,

However, such circular movement of the casting ma-
terial is connected with disadvantages such as vortex
formation in the vicinity of the center axis of the poured
material and there exists the danger of tearing of the
ingots and also of impairment of the ingot quality due
to increased liquation. - )

It is therefore an object of the present invention to
overcome the above described disadvantages in the con-
tinuous casting of molten metal.

A second object of the present invention is to pro-
vide a new and improved comtinuoug casting apparatus.

Another object of the present invention is to provide
a continuous casting apparatus wherein the casting made
from the molten material has a fine structural texture,

Still another object of the present invention is to pro-
vide a water cooled continuous casting apparatus using
a magnetic field near the inlet of the mold into which
the molten material is poured.

A further object of the present invention is to pro-
vide a new and improved continuous casting apparatus
wherein the partially solidified material being cast is
subjected to the action of a magnetic field.

Still a further object of the present invention is to -
provide a new and improved apparatus for the contin-
uous casting of a molten material wherein the partially
solidified material in the mold in subjected to an alter-
nating magnetic field having its axis in a plane substan-
tially perpendicular to the direction of flow of the mol-
ten metal in order to cause a stirring in the same for
equalizing the temperature in the casting and to provide
a desired structural texture.

-With the above and other objects in view the pres-
ent invention mainly consists' of an apparatus for the
continuous casting of molten material and including a
mold for receiving the molten material to be cast, the
mold having an inlet through which the molten material is
poured, and means for establishing an alternating mag-
netic field having lines of flux in the region of the mold
inlet, the lines of flux extending through at least a por-
tion of the material already poured into the mold and
the axis of said magnetic field being perpendicular to the
direction of flow of the molten material into and
through the mold. : o

In a preferred embodiment of the present invention
the means for establishing the alternating magnetic field
includes -a water cooled copper tubing formed in the
shape of an annular member and-arranged near the inlet
of the mold for establishing a magnetic flux when elec-
trical current is passed therethrough. A secondary mag-
netic member is provided, substantially surrounding ‘the
copper tubing and distributing the magnetic flux into a
predetermined pattern having the axis thereof arranged
perpendicular to the direction of flow of the molten
metal into the mold so that the magnetic flux flows
through the partially solidified material in the mold.

The present invention also includes in a method for
the continuous casting of molten material wherein the
material is poured intc a mold and continuously with-
drawn therefrom, the improvement comprising subject-
ing partially solidified material within the mold to the
action of an alternating magnetic field having its axis
lying in a plane substantially perpendicular to the direc-
tion of flow of the material where the material is sub-
jected to the alternating magnetic field.

The novel features which are considered as characteris-
tic for the invention are set forth in particular in the ap-
pended claims. - The invention itself, however, both ‘as
to its construction and its method of operation, together
with additional objects and advantages thereof, will be
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best understood from the following description of spe-
¢cific embodiments when read in connection with the ac-
companying drawings, in which:

_Fig. 1 is a longitudinal cross sectional view of one.em-
bodiment capable of carrying eut the.principles. of. the
present invention; -

Fig. 2 is a top. plan view of the embodiment shown in
Fig. 1; i -

Fig. 3 is a longitudinal cross sectional view of a sec-
ond - embodiment incorporating the principles of the
present invention; and ’

Fig. 4 is a plan view of the apparatus illusirated in
Fig. 3. .

Referring to the .drawings and more particularly to
Figs. 1 and ‘2, it can be seen that the molten material
to be cast is poured into the cylindrical mold 3 from a
spout 6, The mold 3 has an inlet 11-and.an outlet 2.

Emerging from the outlet 12 of the cylindrical-mold 3
is shown the solidified portion 4 .of the casting- which
has a partially molten -and partially solidified, portion. 5
near the upper edge thereof adjacent the inlet 11 of the
mold. As the. solidified portion of the .casting emerges
from the outlet 2 of the mold 3 it is.cooled. by cooling
water supplied from an annular channel i3 connected to
an annular reservoir 14 within the mold. ~ An inlet chan-
nel 16 for the reservoir 14 is adapted.to be.connected: to
a source of cooling water for replenishing the water in
the reservoir 14 -as it is used in cooling the casting.

Adjacent the inlet 11 of the mold 3 is mounted a
copper tubing-1 which is formed in the shape of an an-
nular member-having an annular diameter substantially
equal to the diameter of the circular inlet 11 of the mold.
Partially surrounding the copper tubing 1 is a secondary
magnetic member 2. The secondary magnetic member
2 is also shaped as an annular member and is made up
of -a plurality of transformer laminations. This can best
be seen in the plan view of Fig. 2. Each of the trans-
former laminations used in the secondary magnetic- mem-
ber 2 has.a horseshoe-shaped cross section when taken
in a direction parallel to the annular axis of the annular
member 2.

That is, the secondary annular magnetic member 2 is
formed of a plurality of horseshoe-shaped transformer
laminations. In Fig. 1 it can be seen that the open end
of the horseshoe faces the inlet 11 of the mold 3.

In operation, the copper tubing 1 is connected to-a
source of alternating electrical current so that a magnetic
field is established thereabout. Since the transformer
laninations are made of a magnetic material, substantial-
1y all of the lines of flux of the magnetic field estab-
lished by the current flowing through the copper tubing
1 flows through the horseshoe-shaped elements of .the sec-
ondary magnetic member 2. However, there is an air-gap
between the open ends of the horseshoe so that a sub-

stantial amount of the flux passes from one end of the *

horseshoe through the partially solidified portion § of the

casting back.into the other leg of the horseshoe.
Accordingly, the secondary magnetic member 2 which.

is mounted in the region of the magnetic lines of flux

distributes the lines of flux into a pattern extending through !

the partially solidified portion 5 of the material ‘in -the
mold. As can be seen from the arrangement. of the tub-
ing 1.and the secondary magnetic member 2.in Fig. 1, the-
pattern -of the. alternating magnetic field so established
is arranged with a substantially annular axis lying in a
plane perpendicular to the direction of flow of: the molten
metal into -the mold. That is, each of the horseshoe-
shaped .laminations of the secondary magnetic member 2
provides. a substantially. circular or annular magnetic field
having an axis which is perpendicular to the direction of
flow of the molten material. The total of these magnetic
fields is a substantially annular.magnetic field having an
annular axis lying-in-a plane perpendicular to the direction
of :flow - of .the. molten ;material -where .such -materiat is

subjected - to the - magnetic_ field. When' this : partially.
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“solidified portion 5 is subjected to the alternating mag-

netic field, a gentle stirring of this portion occurs which
tends to eliminate any local variations of temperature
within the solidified portion. Therefore, a uniform heat-
ing and cooling of the casting is provided since, by the
time the partially solidified -portion 5 becomes solidified
as shown in the portion 4, any initial temperature varia-
tions within the molten material are dissipated due to the
action of the lines of flux established by:the. magnetic
field.

1t has been found that subjecting the partially solidified
material of the casting to such an alternating magnetic
field results in a casting which has a desirable texture and
which is free from any structural defects. -

An experiment was carried out during the casting of a
high-strength aluminum alloy of the type using aluminum,
copper and magnesium. Castings having a diameter of
300  mm. were cast with a pouring velocity of. 45 .mm.
per minute. In order to prove the effectiveness: of the
method and apparatus incorporating the.principles of the
present invention, two simultaneous castings were poured.
One casting was made with the conventional distributing
means and the second casting was made with the induc-
tion apparatus made up of the copper tubing 1.and the
transformer laminations 2 as illustrated in Figs. 1 and 2.
During this experiment all other factors, such as the
casting temperature, the shape of the mold and the length
thereof, the amount and temperature of the cooling water
were. all. maintained exactly the same. That casting
which was formed without. the alternating magnetic field
provided by- the present invention was.full of structural
cracks. and. fissures as well .as other structural defects.
On the other hand,. the.casting formed by the appara-
tus incorporating. the principles of the: present. invention
was completely uniform and homogeneous and had.not
structural defects at all.

A corresponding experiment was carried out in. the
same manner with an aluminum alloy formed of aluminum
and manganese. That casting which was made . without
the alternating magnetic field was found to be full.of
voids -and other structural defects while the casting made
by the principles -of the present. invention. were free.of
such defects.

Further experiments have also been carried. out.using
aluminum alloys made from aluminum, zine, magnesium
and copper and showing the same results. In these:lat-
ter. experiments . it was . also .found. that .in the. castings
made by the principles of the present invention, there
was no segregation or liquation of chromium. o

In further experiments aluminum alloy castings.of the
type including aluminum, magnesium and silicon were
produced having diameters in. the order. of 170. mm.
without having any structural defects. '

Referring now to Figs. 3 and 4.a second .embodiment
of the present invention is shown. The elements in
Figs. 3 and 4 which carry out the same functions as.in
Figs. 1 and 2 are numbered with the same numerals.
However, in this second embodiment the. copper- tubing
{’ forms an annular member which.has a substantially
smaller annular diameter than the diameter of the cir-
cular inlet 11 of the mold.3

Also, in this embodiment. the secondary magnetic. mem-
ber 2’, which surrounds the copper tubing 1’, also.is
shaped as an-annular. member having an annular. di-
ameter substantially smaller than the diameter of the cir-
cular inlet 11 of the -mold 3. :

In this second embodiment the members 1’ and 2’ are
supported on the upper surface of the mold 3 by a.sup-
porting member 17.

In operation this second embodiment operates -sub-
stantially in the same manner as in the first embodiment.
However it can be seen .in Fig. 4 that the spout 7 may
be shaped with a bifurcated end having channels 8 and
9 in respective end portions .thereof .so that -the molten
material . poured into-the mold .is poured outside of the
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secondary magnetic member 2’ closer to the sides of the
mold 3 so that an even distribution of the molten ma-
terial poured into the mold is provided. a

In both of the embodiments described hereinabove it is
possible to provide water-cooling for the copper tubing
1 and 1’ since these tubings are hollow and permit the
passage of cooling water therethrough. .

According to the method of the present invention it
is possible to produce continuous casting ingots, billets or
the like from alloys which include alloy forming metals
which at casting temperature are partially or completely
insoluble in the melt and tend to cause liquation, in such
a manner that these alloy forming metals are finely and
evenly distributed throughout the entire ingot. This is
achieved by subjecting the partially solidified melt to the
action of an alternating magnetic field, such as can be
produced with the apparatus of the present invention.

It has now further been found that an optimum of
even and finely divided distribution of the liquating
alloying metal can be achieved by super-heating the
melt prior to casting to a sufficiently high temperature
above the casting temperature so as to substantially dis-
solve the liquation-causing alloying metals, and by sub-
sequently cooling to casting temperature. For instance,
continuous casting ingots produced according to the
methods of the present invention from an aluminum al-
loy containing aluminum, copper, magnesium and lead
have shown greatly improved machining properties.
X-ray photographs of slices taken from such ingots show
the completely even and very fine distribution of the lead.

The degree of super-heating of the melt above pouring
temperature depends on the degree of solubility of the al-
loying metals in the melt at the respective temperatures.
For instance, the solubility of lead in lignid aluminum,
or of manganese in liquid magnesium is greater at tem-
peratures which are above the normal casting tempera-
tures for aluminum or magnesium alloys. The degree
of superheating will have to be increased, according to
the present invention, in accordance with increase in the
relative quantity of, for instance; lead or manganese in
the melt which would not be dissolved at casting tempera-
ture.

The percentage amount of liquating-causing alloy com-
ponents which are dissolved at casting temperature de-
pends on the type and relative quantity of the other al-
loying components. For instance, the solubility of man-
ganese in magnesium (in binary alloys) is considerably
reduced by the addition of aluminum. It follows-that
the desirable degree of -super-heating above the casting
temperature of the respective alloy will have to be de-
termined in each case, so as to ‘achieve substantially
complete dissolution of the alloy components -which
would not be dissolved at regular casting temperature.

Preferably, the difficultly soluble alloy component. is
added last to the remainder of the alloy composition.
The other alloying metals may be combined at lower
temperature, and the liquating alloy component is then
added last at the desired super-heating temperature. Im-
mediately after dissolution of the liquating alloy com-
ponent, the melt may be cooled to casting temperature
and cast. This feature of the present invention is de-
scribed in detail further below in Examples 1, 2, 4 and 8.

The following examples. are given as illustrative only,
the present invention however not being limited to the
specific details of the examples.

All of the examples of continuous casting of alloys
according to the method of the present invention. were
carried out in low frequency induction furnaces. ‘Tt must
be emphasized, however, that other types of furnaces
such as gas or oil heated furnaces could also be em-
ployed for carrying out the method of the present inven-
tion. :

In all examples, an induction device as herein de-
scribed having a frequency of 50 cycles was used.
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EXAMPLE I

Magnesium alloy containing 7.5% aluminum, 1.2% zinc,
0.21% manganese, balance magnesium

Magnesium pig is melted at 720° C. At this temper-
ature the aluminum and zinc are alloyed with the mag-
nesium, and the melt is then heated to 780° C. Upon
reaching a temperature of 780° C. the manganese is
added to the alloy. Thereafter, the melt is quickly
cooled to 700° C. and cast. In a casting device, four
continuous castings are made simultaneously with a cast-
ing speed of 60 mm. per minute. Each continuous cast-
ing has a diameter of 170 mm. The series-connected in-
duction devices have a total power of 4 kilowatts and a
total voltage of 6 volts. -

The thus-obtained individual ingots of about 4 mm.
lengths possess throughout their entire length and cross-
section a fine-grained, even structure, completely free of
manganese-nests, as shown by X-ray inspection.

EXAMPLE II -
Binary magnesium alloy containing 0.75% zirconium

Magnesium pig is melted (the melting point of the
magnesium js about 650° C.), the melt is super-heated
to 800° C. and zirconium is added in the form of a 50%
magnesium-zirconium key -alloy. Thereafter, the melt
is quickly cooled to 700° C. and cast. In a casting de-
vice two continuous castings’ are made simultaneously
with a casting speed of 65 mm. per minute. Each con-
tinuous casting has a diameter of 180 mm. The series-
connected induction:devices have a total power of 2 kw.
and a total voltage of 2.8 v. )

The thus-obtained ingots possess throughout their en-
tire length and cross-section a fine-grained, even struc-
ture. The grain size is below 0.1 mm. X-ray examina-
tion shows complete absence of zirconium inclusions.

EXAMPLE I
Binary magnesium alloy containing 1.9% manganese

Magnesium pig is melted and super-heated to 740° C.
At this temperature, the manganese is added in the form
of water-free MnCl,, whereby the manganous chloride
reacts with the molten magnesium under formation of
manganese - and magnesium chloride. The melt is
quickly cooled at 700° C. and cast. A continuous cast-
ing of 300 mm. diameter is formed at a casting speed
of 40 mm. per minute. The induction device has a
power of 4 kw. and a voltage of 5 v.

The thus-obtained ingots possess a fine-grained struc-
ture and are free of so-called columnar-structures and
manganese nests, while similarly produced ingots which,
however, were not éxposed to the alternating magnetic
field show both columnar-structures and manganese nests.

EXAMPLE IV

Aluminum alloy containing 4.0% copper, 0.8% mag-"
nesium, 1.0% manganese, 0.2% silicon, 0.3% iron,
2.0% lead, balance aluminum .

The aluminum is molten and alloyed at 720° C. with
all alloying elements except lead. The melt is then
heated to 800° C. at which temperature the lead is added.
Thereafter, the melt is cooled to 700° C. and-cast. In
a casting device four continuous castings of 170 mm.
diameter each are made simultaneously with a casting
speed of 60 mm. per minute. The induction device op-
erates as described in Example I. . o

The thus-obtained ingots possess an extraordinarily
fine-grain structure. Lead is present in finest distribution
throughout the entire cross-section and can hardly be
recognized by X-ray examination. X-ray examination
of similarly produced ingots which, however, have not
been exposed to the alternating magnetic field show ball-
like agglomerations of lead.
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EXAMPLE V

Aluminum alloy containing 3.8% copper, 0.9% mag-
nesium, 0.9%. manganese, 0.2% -silicon, 0.3% iron,
0.5% bismuth, 0.5% lead, balance aluminum

The aluminum .is molten and all alloying elements
are added at a temperature of 720° C., however, pref-
erably lead and bismuth are added last. Thereafter,
the melt is cooled ‘to 700° C., and  cast as described in
Example IV. The thus-obtained ingot structure is com-
parable to: the structure obtained according to Example
v. ‘

EXAMPLE VI

Aluminum alloy containing 4.5% zinc, 3.0% magnesium,
0.7% copper, 0.25% manganese, 0.3% iron, 0.2%
silicon,.0.25% chromium, balance. aluminum

After’ melting “the "aluminum; -all- of: the ‘alloying ele-
ments are added-at a temperature.of 740° C. = Chromium
in the form of an aluminum-chromium key alloy con-
taining 10% chromium is added last. Casting takes place
at 720° C. An.ingot of 450 mm. diameter. is cast at
a speed. of 28 mm. per minute. . The induction device
has a power of 4.5 kw.-and. a veltage of 6.3 v.
~ The thus-obtained ingot is of highly fine-grained struc-
ture and, as can be shown-by X-ray. tests,-the structure
is- free of coarse chromium aluminides- (intermetallic
compounds of chromium and- aluminum).

EXAMPLE VII

Aluminum:alloy containing -8:1% zinc, 2.0% magnesium,
0.4% manganese, 0.1% silicon, 0.25% iron, 0.27%
chromium, 0.07% vanadium, balance aluminum

Alloying and casting temperatures are the same as de-
scribed in Example VI. Two ingots of 300 mm: di:
ameter are cast with a'speed of 37 mm; per minute. The
series-connected induction devices have a total power of
4 kw. and a total voltage of 6 v. )

The thus-obtained structure is similar to- the' one: de-
scribed in Example VI and completely free.of chromium
aluminides and vanadium -aluminides.

EXAMPLE VIII.

Aluminum alloy containing 0.82%--magnesium, -1.0%
silicon, 0.21% iron, 0.91%  manganese, 0.2% - chro-
mium, 1.0% lead, 1.0% tin, balance aluminum

After melting the aluminum, the alloying -elements

magnesium, silicon, manganese and chromium (the iat-
ter. in the form of a 10% key. alloy) are added at a
temperature of 720° C. The melt is heated to 800° C.,
and at this temperature lead and tin are added. The
melf is now cooled to 710° C., and four-ingots of 170
mm. diameter are cast at a casting speed of 57 mm. per
minute. The inducticn dévicé:is operated as described
in Example I. :
_ Inspection of the ingot structure including X-ray ex-
amination shows a fine-grained structure, absence of
coarse chromium aluminides, and lead and tin in an ex-
traordinarily. fine - distribution.

.EXAMPLE IX e
Brass containing 58.0% - copper, 2.8% lead, 39.2%. zinc

The copper is molten at 1050° C. and alloyed .at the
same temperature with zinc and lead. A casting tem-
perature of 1000° C. is maintained. An ingot of 165
mm. diameter is cast at a speed of 70 mm. per minute.
The induction device has a power of 3 kw. and operates
at a voltage of 3.2 v. . )

In contrast to an ingot cast in similar manner but with-
out expdsure to an alternating magretic field, the ingot
obtained as described ‘above is of even fitie-grained ‘stiuc-
ture” with “the lead very finély.distributeéd throughout the
entire cross-section, as can be'seen by X-fay examination.
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EXAMPLE X
Aluminum brass containing 58.0% copper, 1.0% alu-
minum, 08% manganese, 1.5% lead, 0.3% iron,
384% zinc

The ‘copper is molten at 1050° C. and heated to
1200° C. At this. temperature manganese and iron are
added in . the form of 30% key alloys. The melt is
cooled to 1050° C. and zine, lead and aluminum are
added. After further cooling to 1000° C., an ingot of
165. mm. diameter is cast at a speed of 65 mm. per min-
ute. The induction device operates as described in Ex-
ample IX.

The result of structural examination of the thus-ob-
tained ingot are similar to those described in Example IX.

It is therefore seen that by the improved method and
apparatus incorporating the principles of the present
invention it is possible to obtain in a continuous casting
process a solid casting of wide diameter containing sub-
stantially no structural defects- while permitting a high
rate of production.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
useful application in other types of casting operations
differing from the types described above.

While the invention has been illustrated and described
as embodied in a continuous casting apparatus, it is not
intended to be limited-to the details -shown, since various
modifications and structural changes may be made with-
out departing in any way from the spirit of the present
invention.

Without . further analysis, the foregoing will so fully
reveal the gist of the present invention that others can by
applying current knowledge readily adapt it for various
applications without omitting features that, from the
standpoint of prior art, fairly constitute essential charac-
teristics- of the generic or specific aspects of this inven-
tion and, therefore, such adaptations should and are
intended to be comprehiended within the meaning and
range of equivalence of the following claims,

What is claimed as new and desired to be secured by
Letters Patent is:

1. In an apparatus for the continuous casting of
molten material, in combination, a mold for receiving
the molten material to- be cast, said mold having an
inlet- through which the molten material is poured to be
solidified -in the mold and an outlet from which the
solidified material is continuously withdrawn; an annular
current conducting member -consisting essentially of a
metal  tubing: disposed directly:above and adjacent said
mold inlet for establishing ‘alternating magnetic lines of
flux in the region of said mold inlet when alternating
current flows  therethrough: and an annular magnetic
member made up from a plurality of transformer lamina-
tions, each- of said transformer laminations having a
horseshoe-shaped cross section in a direction perpendicu-
lar to the axis of said annular magnetic member with the
open end of the horseshoe-shaped cross section facing the
mold inlet, said annular magnetic member being disposed
in the region of said magnetic lines of fiux for distributing
said lines of flux into a pattern extending through the
solidification zone of the material poured into the mold
wherein solidification of said material occurs.

2. In an apparatus for the continuous casting of molten
material, in combination, a water-cooled mold for re-
ceiving the molten material to be.cast, said mold having
an inlet through which the molten material is poured to
be solidified in the mold and an outlet from which the
solidified material is continuously withdrawn; an annular
current conducting member consisting essentially of a
water-cooled - metal tubing disposed directly above and
adjacent said mold inlet for establishing alternating mag-
netic lines. of flux- in the region: of said mold inlet when
alternating current flows therethrough; and an annular
magnetic member made up from a plurality of trans-
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former laminations, each of said transformer laminations
having a horseshoe-shaped cross section in a direction
perpendicular to the axis of said annular magnetic mem-
ber with the open end of the horseshoe-shaped cross sec-
tion facing the mold inlet, said annular magnetic member
being disposed in the region of said magnetic lines of
flux for distributing said lines of flux into a pattern
extending through the solidification zone of the material
poured into the mold wherein solidification of said
material occurs.

3. In an apparatus for the continuous casting of molten
material, in combination, a mold for receiving the molten
material to be cast, said mold having a substantially
circular inlet through which the molten material is poured
to be solidified in the mold; an annular current conduct-
ing metallic member having a diameter substantially
equal to the diameter of said circular inlet disposed
directly above and adjacent sajd mold inlet for establish-
ing alternating magnetic lines of flux in the region of said
mold inlet when alternating current flows therethrough;
and an annular magnetic member made up from a
plurality of transformer laminations, each of said trans-
former laminations having a horseshoe-shaped cross
section in a direction perpendicular to the axis of said
annular magnetic member with the other end of the
horse shoe-shaped cross section facing the mold inlet, said
annular magnetic member being disposed in the region of
said magnetic lines of flux for distributing said lines of
flux into a pattern extending through the solidification
zone of the material poured into the mold wherein
solidification of said material occurs,

4. In an apparatus for the continuous casting of
molten material, in combination, a mold for receiving
the molten material to be cast, said mold having a
substantially circular inlet through which the molten
material is poured; an annular current-conducting metallic
member having a diameter substantially smaller than
the diameter of said circular inlet disposed directly above
and adjacent said mold inlet for establishing alternating
magnetic lines of flux in the region of said mold inlet
when alternating current flows therethrough; and an
annular magnetic member made up from a plurality of
transformer laminations, each of said transformer lami-
nations having a horseshoe-shaped cross section in a
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direction perpendicular to the axis of said annular mag-
netic member with the open end of the horseshoe-shaped
cross section facing the mold inlet, said annular magnetic
member being disposed in the region of said magnetic
lmes of flux for distributing said lines of flux into a
pattern extending through the solidification zone of the
material poured into the mold wherein solidification
of said material occurs.

5. In an apparatus for the continuous casting of
molten material, in combination, a mold for receiving
the molten material to be cast, said mold having an
inlet through which the molten material is poured to
be solidified in the mold; an annular current conducting
member disposed directly above and adjacent said mold
inlet for establishing alternating magnetic lines of flux
in the region of said mold inlet when alternating current
flows therethrough; and an annular magnetic member
made up from a plurality of transformer laminations,
each of said transformer laminations having a horseshoe-
shaped cross section in a direction perpendicular to the

.axis of said annular magnetic member with the open end

of the horseshoe-shaped cross section facing said mold
inlet, said annular magnetic member being disposed in
the region of said magnetic lines of flux for distributing
said lines of flux into a pattern extending through
the solidification zone of the material poured into the
mold wherein solidification of said material occurs.
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