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[57] ABSTRACT

The present invention relates to a process for the elec-
tromagnetic casting of metals. The process is character-
ized by simuitaneously using a stationary field and a
variable field at a suitable frequency for producing both
radial vibrations within the metal which is not yet in a
solidified condition and limiting agitation of the metal.
The invention can be used in any circumstance where
hoth the structure and the surface condition of the cast
products are to be improved.

7 Claims, 2 Drawing Figures
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PROCESS FOR THE ELECTROMAGNETIC
CASTING OF METALS INVOLVING THE USE OF

AT LEAST ONE MAGNETIC FIELD WHICH
DIFFERS FROM THE FIELD OF CONFINEMENT 5

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue. 10

The present invention relates to a process for the
electromagnetic casting of metals involving the use of at
least one magnetic field which differs from the field of
confinement. 15

It is known from French patent No. 1 509 962 that
steel or aluminium ingots can be produced by electro-
magnetic casting. That procedure comprises generating
an alternating electromagnetic field around a column of
metal in a molten condition, by means of an angular 20
inductor.

The magnetic field provides a means of inducing
electromagnetic pressure within the primary casting
area to prevent the molten metal from spreading and
thus impart a certain geometry to the metal. 25

When the metal, confined in that manner, is subjected
to a cooling effect by a suitable cooling agent, it then
solidifies, following the form imposed by the field.

Unlike the conventional casting process, solidifica-
tion does not occur in contact with the walls of a mould, 30
but outside of any contact with a solid material. Under
those circumstances, the articles produced are generally
ingots which have a better surface condition and which,
in some cases, may be used directly in dimensional
transformation operations without the need to have 35
recourse to particular surface treatments, such as for
example a scalping operation.

However, the application of that procedure is not
without its disadvantages. It has been found in fact that
the electromagnetic field of confinement causes exces- 40
sive agitation and mixing, and vortices or eddies in the
liquid metal. In the course of cooling, that results on the
one hand in a degree of instability in the crystallisation
process, which results in heterogeneity of structure and
the occurrence of grains of different morphologies, and 45
on the other hand, gives rise to the occurrence of pits at
the surface of the ingots, which are partly due to dislo-
cation of the film of oxide covering the metal, and the
dissemination thereof in the mass of metal while still in
a liquid condition. 50

The applicants, being aware of the advantages which
are achieved nonetheless by electromagnetic casting,
sought to remedy those defects.

Several series of tests enabled the applicants to de-
velop a process in which at least one magnetic field 55
different from the wvariable field of confinement is
caused to act, during the casting operation, and which is
distinguished by simultaneously using a stationary field
and a vanable field at a suitable frequency for both
producing radial vibrations within the metal which is 60
not yet in a solidified condition and for limiting the
agitation and mixing effect.

In electromagnetic casting, the liquid metal is held in
a confined condition by applying an electromagnetic
field which is generated by means of an annular induc- 65
tor supplied with an alternating current at a frequency
which i1s generally between 500 and 5000 Hertz. The
inductor exerts its action on the liquid metal which is

2
supplied by means of a distributor feed assembly and
which 1ssues in the form of a column at the lower part
of a screen means which is of substantially similar sec-
tion to the ingot to be cast, and has the same axis.

The above-mentioned action is revealed not only by
the confinement effect but also by rotary movements of
the liquid metal at the periphery of the ingot in a plane
passing through the axis thereof and directed in an up-
ward direction on moving away from the axis.

The process according to the invention involves
using both a stationary field and a vanable field at a
suitable frequency for both producing radial vibrations
within the metal which still not in a solid condition, and
limiting the mixing effect.

The stationary field is in a substantially vertical direc-
tion and s generated by an annular coil supplied with
continuous current, comprising a number of turns suffi-
cient to attain values of less than 0.5 tesla. The horizon-
tal section of the coil i1s similar to that of the screen
means and it 1s disposed above the latter and concentri-
cally with respect to the axis of the ingot. The field may
be modified by the addition of an iron core of annular
shape, within the coil.

Under the combined action of that field and the field
of confinement, it is already found that a beneficial
effect on the surface condition and on the structure and
homogeneity of the metal in the cortical zone of the cast
product is achieved.

However, the invention is not limited to just the ap-
plication of a stationary field, but also that of a variable
field at a suitable frequency for producing radial vibra-
tions and himiting the mixing effect.

The variable field, which is in a direction parallel to
the axis of the ingot, 1s produced by means of a coil
which i1s supplied with an alternating current at a low
frequency, that 1s to say, between 5 and 100 Hertz. It
will be appreciated that, for reasons of convenience, the
industrial frequency of 50 Hz is usually used.

That coil, which 1s also an annular coil, is disposed
concentrically within the coil that 1s supplied with di-
rect current, and at a mean height which is at the limit
between the screen means and the coil supplied with
direct current. It is possible for that coil to be omitted,
by supplying the screen means directly with alternating
current, so that it then becomes the variable field opera-
tor, that substitution making 1t easier to introduce an
iron core in the direct current coil.

By virtue of the low frequency used, the variable
ficld which 1s generaied etther by the coil or by the
screen means extends its electromagnetic action to the
whole of the liquid metal, whereby the rotational move-
ment of the metal is no longer limited to the vicinity of
the periphery of the ingot, as with the confinement
field, but occurs as far as the axis of the ingot. In addi-
tion, the rotational movement is in the opposite direc-
tion to the movement produced by the confinement
field; the result of such antagonistic effects is a reduc-
tion in the magnitude of the eddy effect and the mixing
action which are found to take place in conventional
electromagnetic casting. That action, which therefore
involves the entire section of the ingot, results in refin-
ing of the grain of the metal and a higher degree of
homogeneity in crystallisation. Correlatively, the speed
of transfer of the metal in the eddies decreases and
dislocation of the oxide skin, even if it is not completely
eliminated, 1s no longer followed by general dissemina-
tion within the metal of the particles resulting there-
from, hence reducing the pitting phenomena.
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However, the variable field also performs other func-
tions. It gives rise in the metal to an induced current, the
lines of force of which are concentric circles. Under the
combined action of the stationary field and the induced
current, forces which are radial in direction and of a
frequency N equal to the frequency of the variable field
are developed. Likewise, by virtue of interaction of the
variable field and the induced current, both at a fre-
quency N, variable radial forces are also created, but at
a frequency 2N. Such forced vibrations have the eftect
of refining the metal grain size.

In accordance with an alternative form of the inven-
tion, it is possible for the variable field to be generated
by means of a coil supplied with an alternating current
at a frequency of higher than 100 Hertz. In that case, the
degree of penetration of the electromagnetic field into
the metal will be reduced in proportion to increasing
frequency. The combined action of the stationary field
and the induced current is then greatly reduced and the
forced vibrations are virtually non-existent.

Nonetheless, it is possible even so to produce vibra-
tion effects, by making use of resonance.

In fact, depending on the dimensions of the cast prod-
ucts, the rate of casting, and the nature of the metals and
alloys used, there are vibration frequencies which are
natural to the liquid metal, the dendrites in the course of
formation, or the solid mass, the value of which fre-
quencies can be deduced by calculation or by measure-
ment using suitable detectors. Adjusting the frequency
of the variable field to the value of such fundamental or
harmonic frequencies develops the formation of reso-
nance vibration, the effects of which on refining the
metal grain size are also substantial.

In that case, it is not always necessary to have re-
course to a special coil for generating the variable field
as, under certain conditions, it is possible to produce the
resonance phenomenon from the electromagnetic con-
finement field itself.

DESCRIPTION OF DRAWINGS

The invention will be better appreciated by reterence
to the drawings accompanying the present invention, in
which:

FIG. 1 is a cross-sectional view through a vertical
plane through the axis of the ingot, of an electromag-
netic casting apparatus according to the prior art, and

FIG. 2 is a cross-sectional view of the apparatus ac-
cording to the invention.

Referring to FIG. 1, shown therein is a metal ingot 1,
the upper part 2 of which is in a liquid condition. The
ingot is surrounded by an inductor 3 which generates
the electromagnetic confinement field, a screen means 4
and a cooling system 5. The field generates eddies or
vortices 6 in the liquid metal.

FIG. 2 shows the same means as described above,
together with the addition of the means according to
the invention, namely an iron core 11, a core 7 which is
supplied with direct current and a coil 8 which 1s sup-
plied with alternating current. The field generated by
the coil 8 produces circulation of the metal along the
path indicated by 9, while radial vibrations are devel-
oped, as indicated at 10.

The invention may be illustrated by reference to the
following example.
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A billet of $350 mm, of aluminium alloy 2024, refined
with AT5B, in a proportion of 1 kg/tonne of alumin-
ium, was cast. A first part was produced with the appli-
cation of a confinement field at a frequency of 2000
Hertz, generated at a voltage of 28 volts and with a
current strength of 4900 amperes. |

The process according to the invention was applied
to a second part, that is to say, an annular coil disposed
above the screen means was supplied with direct cur-
rent at a voltage of 24 volts, the current strength being
17500 ampere turns, to produce a stationary or steady
field of 0.04 tesla. Another coil disposed within the first
coil, at a height close to the top of the screen means, was
supplied, at a voltage of 75 volts, with a current of 3800
ampere turns, at a frequency of 50 Hertz, to generate a
variable field.

It was found that the second part of the billet had
only dendritic equi-axis grains while the first part also
included equi-axis grains without dendrites; in addition
the number of grains had also been multiplied by &,
while the surface condition was substantially improved,
being without either pitting or roughness.

The present invention can be used in the electromag-
netic casting of metals and alloys in the form of plates,
billets, ingots, etc., when both the structure and the
surface condition of the cast products are to be 1m-
proved.

I claim:

1. In a process for the electromagnetic casting of
metals wherein an electromagnetic confinement field
acts on molten metal in the course of solidification to
contain and form said molten metal into a desired cast-
ing, the improvement comprising the steps of applying
a stationary field to said molten metal, said stationary
field being generated by an annular coil supplied with
direct current, and simultaneously applying a vanable
field to said molten metal, said variable field being gen-
erated by an annular coil supplied with alternating cur-
rent, said fields being applied to the molten metal to
produce radial vibrations within the metal during solidi-
fication and to limit the agitation of the molten metal,
thereby improving the structure and surface condition
of the cast metal.

2. A process according to claim 1 characterised in
that the stationary field is of a value of less than 0.5
tesla.

3. A process according to claim 1 characterised
that the stationary field is modified by the presence of
an iron core.

4. A process according to claim 1 characterised 1in
that the variable field is at a frequency of from J to
100,000 Hertz.

5. A process according to claim 1 characterised in
that the variable field is supplied with an alternating
current at a frequency between 100 and 100,000 Hertz,
said frequency being adjusted to the natural frequencies
of the liquid metal, the dentrites in the course of forma-
tion or the solid mass.

6. A process according to claim 1 characterised in
that the lower part of the annular coil generating the
stationary field is above the level of the liquid metal.

7. A process according to claim 1 characterised 1n
that the annular coil generating the variable field is
disposed concentrically within the coil generating the

stationary field.
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