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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a method, dur-
ing casting of a cast strand in a mould which is open at
both ends in the casting direction, of controlling and dis-
tributing a rotating magnetic field which is applied to act
on and stir molten parts of the cast strand in the mould.
The magnetic field is applied by means of a two-phase
or polyphase stirrer arranged adjacent to the mould.

BACKGROUND ART

[0002] When a metal or a metal alloy, such as a steel,
is cast in a mould, which is open at both ends in the
casting direction, by means of a continuous or semi-con-
tinuous process, a melt is supplied to the mould by
means of a free tapping jet, open casting, or through a
casting tube, closed casting. When passing through the
mould, a cast strand is formed by the melt being cooled.
Before the cast strand leaves the mould, at least one
solidified self-supporting surface layer on the casting
strand has been formed. An uncontrolled flow of metal
in the non-solidified portions of the cast strand entails
problems, both from the point of view of quality and pro-
duction engineering.

[0003] The flow of molten metal in the non-solidified
portions of a cast strand can be controlled by means of
a two-phase or polyphase mould stirrer to which is ap-
plied a rotating magnetic field to act on and stir the melt
in these parts of the cast strand, electric currents then
being induced in the melt. By cooperation between
these induced electric currents and the applied magnet-
ic field, forces arise which act on the melt and give rise
to a rotation, a stirring, of the melt.

[0004] To attain the desired stirring power and hence
a satisfactory metallurgical result, the movements of the
melt must be controlled and distributed. This makes de-
mands on the properties and field-strength distribution
of the magnetic field applied to the melt, as well as on
current intensity and current density and the direction of
the induced electric currents. The demands vary be-
tween different casting processes, such as open and
closed casting.

[0005] During closed casting, that is, when melt is
supplied to the mould through a casting tube which
opens out into the melt below the meniscus, a sufficient-
ly strong stirring in the non-solidified parts of the cast
strand is desired to ensure the desired metallurgical re-
sult regarding casting structure, etc.; however, stirring
and flow rate at the meniscus should be avoided. In cer-
tain contexts, closed casting is referred to as casting
with mould power since the upper surface of the melt is
often covered with a so-called casting powder. A casting
powder has a plurality of functions such as to thermally
insulate the upper surface of the melt, protect it against
oxidation and other reactions, and to prevent the adhe-
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sion of the solidified surface layer to the mould wall, as
well as to take up particles separated from the melt. Stir-
ring of a metal surface covered with a casting powder
should therefore be avoided to prevent the casting pow-
er from being drawn down into the cast strand. With the
prior art for stirring of molten parts of a cast strand, it is
difficult simultaneously to attain sufficient stirring and to
avoid drawing down casting powder during powder cast-
ing, closed casting.

[0006] During open casting, that is, when melt is sup-
plied to the mould from a container, a ladle or tundish,
by means of a free tapping jet, it is required that the flow
rate at the meniscus is kept sufficiently high to obtain a
desired metallurgical result. A sufficiently strong flow at
the meniscus is obtained when the applied magnetic
field exhibits a sufficiently high magnetic field strength
at the meniscus.

[0007] To satisfy the above-mentioned requirements
regarding the flow prevailing at the meniscus both when
using open casting and closed casting according to the
prior art, as is clear from German patent specification
DE-C-38 19493, a considerable displacement of the po-
sition of the magnetic field in relation to the meniscus in
the axial direction of the mould is required. A sufficient
displacement cannot normally be achieved by the vari-
ation in the position of the meniscus in the casting di-
rection which is possible in a mould of the type referred
to here, or by displacement in the casting direction of a
stirrer designed and arranged in accordance with the
prior art. Alternatively to displacing the position of the
magnetic field relative to the meniscus, the current in-
tensity of the current which is fed through the phase
windings can be varied. However, this entails increased
capital costs since the phase windings in such a case
must be dimensioned based on the greatest possible
current intensity. In addition, with an increased current
intensity, the risk of powder being drawn down during
powder casting increases.

[0008] As a consequence of the physical dimensions
of known mould stirrers and the construction of the
mould, the possibilities of displacing the mould stirrer in
the axial direction of the mould during casting of weak
rectangular objects, so-called billets, and to a certain ex-
tent also during casting of somewhat coarser objects,
blooms, are essentially non-existent. This limits the pos-
sibilities of displacing the magnetic field relative to the
meniscus to the possible variation of the position of the
meniscus in the casting direction, which is usually less
than 100 mm. The chances of obtaining optimum con-
ditions, with one and the same stirrer, designed and ar-
ranged according to the prior art, both during open and
closed casting by displacing the magnetic field and the
meniscus relative to each other are consequently very
poor. In the above mentioned document, DE-C-38 19
493, the stirrer is arranged movable in a housing outside
the mould. Between the mould and the housing is a cool-
ing device arranged. The distance between the stirrer
and the mould, due to the cooling device and housing,



3 EP 0 797 487 B1 4

reduces the possibilities for the magnetic field to act in
an optimum way for both open and closed casting.
[0009] One object of the invention is to suggest a
method of controlling and distributing a rotating magnet-
ic field which is applied to a cast strand present in a
mould by means of two-phase or polyphase stirrers for
stirring the non-solidified portions of a cast strand,
whereby a sufficiently strong stirring to obtain the de-
sired metallurgical result is ensured a certain distance
down in the cast strand whereas the stirring near the
meniscus can be controlled and checked such that op-
timum conditions can be offered with one and the same
mould stirrer both during open and closed casting, such
that sufficient stirring of the melt near the meniscus is
obtained during open casting whereas this stirring is lim-
ited, inter alia to minimize the risks of powder being
drawn down, during closed casting.

SUMMARY OF THE INVENTION

[0010] During continuous or semi-continuous casting
of metal, molten metal or metal alloy, such as steel, is
supplied to a mould which is open at both ends in the
casting direction. In the mould the molten metal is
cooled, and during the passage through the mould a
cast strand is formed. When passing out of the mould,
the cast strand exhibits at least one self-supporting sur-
face layer and residual melt contained therein. The flow
or the stirring of liquid metal in non-solidified portions of
the formed cast strand is achieved and maintained by
applying at least one rotating magnetic field to act on
molten parts of the cast strand during the solidification
of the metal. This rotating magnetic field is applied by
means of a two-phase or polyphase mould stirrer ar-
ranged adjacent to the mould. The mould stirrer com-
prises two or more sub-stirrers. Each one of these sub-
stirrers comprises at least one magnetic core and an ac-
fed phase winding, arranged around the core, which are
arranged in such a way that the magnetic field which is
generated inside the mould, on a level with the cores,
essentially comprises a magnetic field-strength compo-
nent, By, oriented across the casting direction. Accord-
ing to the present invention, the phase windings includ-
ed in the mould stirrer are arranged sufficiently near the
inner wall of the mould and are designed in such a way
that the magnetic field which is generated inside the
mould on a level with the phase windings mentioned es-
sentially comprises a magnetic field-strength compo-
nent, B,, oriented parallel to the casting direction. At the
same time, the relative position in the casting direction
is adjusted between the cores included in the mould stir-
rer and the upper surface of the melt, the meniscus. By
changing the adjustment of the relative position, accord-
ing to the invention, between the meniscus and the
mould stirrer in the casting direction, an efficient and
controlled stirring in the non-solidified portions of the
cast strand is obtained and maintained, independently
of whether the melt is supplied by means a casting tube
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which opens out below the meniscus or by means of a
free tapping jet which hits the meniscus from above.
This is made possible since, for the invented method, a
small change of the relative position between the me-
niscus and the stirrer results in large changes in the flow
of the melt at and adjacent the meniscus. When the flow
of the melt in the non-solidified portions of a cast strand
is controlled according to the invented method, the dif-
ferences in the orientation of the magnetic field strength
between the levels at the phase windings and the cores,
respectively, which are obtained when the cores are ar-
ranged and designed according to the invention, are uti-
lized. The magnetic field-strength component across
the casting direction, By, dominates on a level with the
cores while at the same time the magnetic field-strength
component parallel to the casting direction, B,, domi-
nates on a level with the phase windings. At a small
change of the relative position between the mould stirrer
and the meniscus in the casting direction, large changes
are thus obtained in the action of a force which arises
through the cooperation between the magnetic field-
strength components B, and B,, respectively, and the
electric currents induced in the melt by the magnetic
field, and a transfer is made from a level where one field-
strength component dominates to a level where another
field-strength component dominates.

[0011] When the invention is applied to closed cast-
ing, where melt is supplied to the mould through a cast-
ing tube opening out under the meniscus,

- the cores included in the mould stirrer are arranged
with their upper edge at a sufficiently large distance
under the meniscus, preferably more than 25 mm
under the meniscus, while at the same time

- thefront edge of the phase winding is arranged suf-
ficiently close to the inner surface of the mould wall,
preferably more less than 150 mm from the inner
surface of the mould wall, whereby the flow of the
melt at and near the meniscus is braked by the gen-
eration and the application to the melt of braking
moments on a level with the phase windings by the
action of the force which arises when the compo-
nent of the magnetic field in the casting direction,
B,, and the electric current which are induced in the
melt by the magnetic field cooperate. These mo-
ments generated at the meniscus are directed in the
opposite direction of the stirring induced in the melt
by the component of the magnetic field across the
casting direction, By. The cores included in the
mould stirrer are suitably arranged with their upper
edge 25 mm to 200 mm under the meniscus, while
at the same time phase windings in the mould stirrer
are arranged with their front edge 10 mm to 150 mm
from the inner surface of the mould wall. This results
in optimum conditions for closed casting, powder
casting. The flow and turbulence of the melt at the
meniscus are limited and controlled by the strong
braking moments arising just below the meniscus,
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while at the same time a powerful stirring is main-
tained somewhat down in the cast strand. This en-
sures the metallurgical effects of the stirring while
at the same time minimizing the risk of non-metallic
constituents, such as casting powder, being drawn
down from the upper surface. By arranging the
phase winding with its front edge near the mould
wall and hence in this case the melt, a sufficiently
strong magnetic field-strength component, B,, is
obtained, which is oriented parallel to the casting
direction in order to form a sufficiently strong brak-
ing moment just below the meniscus. The braking
moment arises just below the meniscus by the mag-
netic field-strength component, Bz, oriented parallel
to the casting direction, cooperating with the electric
currents | which are induced in the melt by the mag-
netic field and which at the meniscus deflect and
essentially comprise a y component, I,. The volu-
metric forces (f,=i,xb,) arising at the meniscus then
become directed in the opposite direction of those
volumetric forces which arise further down in the
non-solidified portions of the cast strand and give
rise to and maintain an efficient stirring in these
parts. Since the induced currents on a level with the
phase windings, arranged downstream of the
cores, are not forced to deflect in the same way as
at the meniscus, no strong, negative braking mo-
ment arises during the stirring. The same applies if
the distance between the meniscus and the upper
edge of the core is too large upstream of the core.

[0012] When the invention is applied to open casting,
wherein melt is supplied to the mould by means of a free
tapping jet which hits the upper surface of the melt, the
meniscus, the cores included in the mould stirrer are ar-
ranged with their upper edge sufficiently near the me-
niscus, preferably less than 100 mm from the meniscus.
In this way, a sufficiently strong flow is achieved and
maintained at and near the meniscus by means of the
forces which are generated by cooperation between the
component of the magnetic field across the casting di-
rection, By, and the electric currents induced in the melt
by the magnetic field while at the same time the compo-
nent B, of the magnetic field, on a level with the above-
mentioned phase windings, is applied near the surface
of the meniscus without achieving any force directed op-
posite to the flow. By arranging the cores and the phase
windings included in the mould stirrer in the same way,
optimum conditions for open casting are obtained. A
strong stirring is maintained at the meniscus and essen-
tially no braking moment arises when the magnetic field
on a level with the meniscus in this case substantially
comprises a magnetic field-strength component, By, ori-
ented across the casting direction, whereas the mag-
netic field-strength component, B,, which is generated
on a level with the phase windings and oriented parallel
to the casting direction, does not act on the molten metal
but is situated above or upstream of the meniscus.
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[0013] As will be clear from the above, only a small
displacement in the position of the meniscus relative to
the magnetic field is required for changing the magnetic
field which acts in the meniscus, with a mould stirrer with
its cores and phase windings arranged according to the
invention, in such a way that optimum flow conditions
can be achieved and maintained with the same stirrer
both during open and closed casting by means of a dis-
placement of the position of the meniscus in the casting
direction which is within the normal interval for known
casting machines.

[0014] In a mould for continuous casting of weaker
cast strands such as billets and blooms, when casting
in the steady state, the position of the upper surface of
the melt, the meniscus, can normally only be displaced
in the casting direction by a distance smaller than 100
mm by means of a change of casting parameters such
as the casting rate and the flow of molten metal into the
mould. In spite of this very limited possibility of displace-
ment of the position of the meniscus relative to the mag-
netic field, optimum conditions can be achieved both for
open and closed casting when the cores and the phase
windings included in the mould stirrer are arranged ac-
cording to the invention. During closed casting, the
cores are arranged with their upper edge 50 to 100 mm
below the meniscus, while at the same time the phase
windings included in the mould stirrer are arranged with
their front edge 50 to 100 mm from the inner surface of
the mould stirrer and, during open casting, the cores in-
cluded in the mould stirrer are arranged with their upper
edge less than 100 mm below the meniscus.

[0015] Atwo-phase or polyphase mould stirrer for car-
rying out the invented method, which is arranged in the
form of two or more sub-stirrers, each one at least com-
prising one magnetic core and one ac-fed phase wind-
ing arranged around the core, in a preferred embodi-
ment the phase windings included in the mould stirrer
are arranged in the form of foil-wound coils, where the
foil-wound coils are arranged with their front edge suffi-
ciently close to the mould wall for the magnetic field
which is generated inside the mould on a level with the
foil windings to essentially comprise a magnetic field-
strength component, B,, oriented parallel to the casting
direction, and for the foil windings to receive sufficiently
indirect cooling from the cooling means arranged for
cooling the mould.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the following the invention will be explained
in greater detail and be exemplified by means of a pre-
ferred embodiment with reference to the accompanying
figures. Figures 1 and 2 show the field-strength distri-
bution and the moment which are obtained during open
and closed casting, respectively, with a stirrer arranged
according to the prior art, optimally placed relative to the
meniscus. Figures 3 and 4 show a mould with a stirrer
arranged according to the invention. Figure 5 shows the
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distribution in a plane in the casting direction for the field
strength and moment of the magnetic field as well as
the magnetic field, the electric currents which are in-
duced in the mould during stirring, and the forces which
arise by cooperation between the magnetic field and in-
duced currents when the cores and phase windings in-
cluded in the mould are arranged and designed accord-
ing to the invention during open casting, whereas Figure
6 shows the same during closed casting where the stir-
rer is located at essentially the same level in the mould
whereas its location relative to the meniscus has been
achieved by means of a possible displacement of the
meniscus position for the mould.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] To control the stirring in the non-solidified por-
tions 13 of a cast strand 11, by means of an applied ro-
tating magnetic field, in such a way that a satisfactory
metallurgical result can be achieved, demands are
made regarding the properties and the field-strength
distribution of the magnetic field applied to the non-so-
lidified portions 13 of the melt. These demands vary be-
tween different casting methods, such as open and
closed casting.

[0018] During open casting, it is required that the flow
at the meniscus 17 should be sufficiently strong. This
stirring is achieved, as shown in Figure 1, when a mould
stirrer is adapted to apply a rotating magnetic field with
its maximum magnetic field strength on a level with or
directly under the meniscus. For a mould stirrer which
is designed and arranged according to the prior art, this
means that the iron cores 140a, 140b of the sub-stirrer
should be arranged with their centre, which usually co-
incides with the field-strength maximum B, of the
magnetic field 21, below the meniscus 17.

[0019] During closed casting, the situation regarding
the desired stirring of the melt at the meniscus 17 is the
reverse, and the applied rotating magnetic field is ar-
ranged such that its field strength on a level with the
meniscus is limited by applying the field-strength maxi-
mum B, of the magnetic field at a level essentially un-
der the meniscus 17-, whereby the magnetic field
strength B on a level with the meniscus 17 is essentially
lower than the maximum value B, as is shown in Fig-
ure 2.

[0020] The distribution in the casting direction of the
component By, of the magnetic field strength and the
component My, of the moment, which act across the
casting direction, in the y-direction, for a rotating mag-
netic field which according to the prior art is applied to
act on non-solidified portions 13 of a cast strand 11 is
shown in Figures 1 and 2. In order to satisfy the above-
mentioned requirements regarding the flow conditions
prevailing at the meniscus with one and the same mould
stirrer, both during open casting according to Figure 1
and during closed casting according to Figure 2, a con-
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siderable displacement in the casting direction of the po-
sition of the magnetic field relative to the meniscus 17
is required. Such a large displacement cannot be
achieved with a normally possible variation of the me-
niscus position in the casting direction and/or the pos-
sibility to move the mould stirrer along the mould in the
casting direction. The possibility of displacement of the
position of the magnetic field by moving the mould stirrer
in the casting direction is very limited, for reasons of
space, in a plant for continuous casting of metal. On the
one hand, the supporting and cooling functions of the
mould only leave limited areas open for placing a stirrer,
and, on the other hand, conventionally used phase
windings in mould stirrers require that cooling means be
arranged near them, which further limits the space for
movements in the casting directions of stirrer coils and
other parts included in a mould stirrer in relation to the
mould. This means that during casting according to the
prior art, where a magnetic field with a field-strength dis-
tribution, according to curve BAy in Figures 1 and 2, is
applied to act on molten parts 13 of a cast strand 11
present in a mould and where the magnetic field for rea-
sons of space cannot be applied such that sufficient stir-
ring is obtained in the melt near the meniscus 17, the
field-strength maximum of the magnetic field must
greatly exceed the required value. This corresponds to
the normal case during mould stirring according to the
prior art, since the possibilities of adjustment of the po-
sition of the magnetic field relative to the meniscus 17
are normally limited to the possibility of varying the me-
niscus position in the casting direction. To achieve a sat-
isfactory result with a mould stirrer, to which a magnetic
field with a field-strength distribution according to curve
BAy in Figures 1 and 2 is applied, the mould stirrer is
usually oversized so that it can be fed with a higher cur-
rent intensity and apply a magnetic field to the melt
which, at the meniscus, exhibits a sufficient magnetic
field strength to achieve the required flow at the menis-
cus 17. Thus, with one and the same stirrer and while
utilizing normal possibilities of displacing the magnetic
field and the meniscus 17 relative to each other, there
are great difficulties in providing optimum conditions for
both open and closed casting.

[0021] During continuous casting of weaker rectangu-
lar blanks, so-called billets, and often also during cast-
ing of blooms, the essentially non-existent possibilities,
according to the prior art, of displacing the mould stirrer
in the axial direction of the mould, as a result of the phys-
ical dimensions of the mould stirrer and the construction
of the mould, together with the possibilities of variation
of the meniscus position in the casting direction, by
means of a change of casting parameters such as cast-
ing rate and the flow of metal into the mould, provide a
possibility of displacing the position of the meniscus 17
relative to the magnetic field which is less than 100 mm.
[0022] During casting of metal in a mould, which is
open in both ends in the casting direction, with cooled
wall plates 12a, 12b, 12c, 12d, the metal melt is cooled
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and formed into a cast strand 11. One or more mould
stirrers is/are arranged to apply a rotating magnetic field
to the non-solidified portions of the cast strand 13. The
mould stirrers according to one embodiment of the in-
vention, which is shown in Figures 3 and 4, comprise
four sub-stirrers which are arranged adjacent to the wall
plates 12a, 12b, 12c, 12d of the mould. The sub-stirrers
comprise at least iron cores 14a, 14b, 14c, 14d and
phase windings 15a, 15b, 15c, 15d arranged therea-
round and are surrounded by a yoke 16 of a magneti-
cally conducting material, whereby the magnetic circuits
are closed.

[0023] Figure 5 shows the distribution in a plane in the
casting direction for the field strength and moments of
the magnetic field as well as the magnetic field, the elec-
tric currents which are induced in the mould during stir-
ring, and the forces which arise by cooperation between
the magnetic field and the induced currents when the
cores and the phase windings included in the mould are
arranged and designed according to the invention dur-
ing open casting, whereas Figure 6 shows the same dur-
ing closed casting where the stirrer is located at essen-
tially the same level in the mould whereas its location
relative to the meniscus is achieved by means of a pos-
sible displacement of the meniscus position of the
mould. Since the cores 14a, 14b, 14c, 14d and the
phase windings 15a, 15b, 15c, 15d included in the
mould stirrer are arranged and designed according to
the invention, it is sufficient with that displacement of the
position of the meniscus 17 relative to these 14, 15
which can be achieved with a normal displacement of
the meniscus position in the casting direction for obtain-
ing a distribution of that magnetic field 21 induced in the
mould which by cooperation with induced currents 22
gives optimum flow conditions both during open and
closed casting. The flow desired for the current casting
situation is obtained essentially without any change of
the field strength fed through the coil windings of the
mould stirrer. To control and distribute the propagation
and the magnetic field strength of the rotating magnetic
field 21 applied to the non-solidified portions 13 of the
cast strand, the cores 14a, 14b, 14c, 14d and the phase
windings 15a, 15b, 15¢, 15d included in the mould stir-
rers are arranged and designed according to that em-
bodiment of the invention which is shown in Figures 3
and 4 where each one of the phase windings is designed
in the form of a foil-wound coil. The foil-wound phase
windings 15a, 15b, 15c, 15d are very compact and
therefore need no separate cooling but are given suffi-
cient indirect cooling through the cooling circuit of the
mould. This results in great flexibility in the location and
configuration of the phase winding 15a, 15b, 15¢c, 15d
relative to the mould so that both a sufficient indirect
cooling of the coil 15a, 15b, 15¢, 15d and a distribution
of the magnetic field strength in the casting direction can
be obtained, by which it is possible, by means of small
displacements in the casting direction of the relative po-
sition between meniscus and magnetic field, to greatly
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influence the flow at the meniscus induced with the mag-
netic field. Preferably, it is sufficient with a displacement
of the relative position between the meniscus 17 and the
magnetic field which is smaller than the displacement of
the meniscus position which is normally possible for the
mould, which, for example for a casting machine for
blooms or billets, is normally below 100 mm, thus mak-
ing possible a sufficient change of the flow of the melt
at the meniscus 17 whereby a good metallurgical result
can be obtained both during open and closed casting in
the mould. Compact foil-wound phase windings 14a,
14b, 14c, 14d can, of course, be used with the same
advantages also with three-phase or polyphase mould
stirrers.

[0024] These mould stirrers are then arranged at
moulds where more poles than four can be arranged to
control and distribute a magnetic field applied to the melt
in a mould according to the invention. Preferably, in this
compact mould stirrer, a magnetic feedback 16, a mag-
netic yoke, is arranged to form a magnetic circuit togeth-
er with the iron cores 14a, 14b, 14c, 14d of the sub-stir-
rers. The magnetic yoke 16 is arranged to surround the
mould and the sub-stirrers.

[0025] Further, as is also clear from Figure 5, during
closed casting the cores 14a, 14b, 14c, 14d, 145 and
the phase windings 15a, 15b, 15¢, 15d included are ar-
ranged such that the propagation and magnetic field
strength B of the rotating magnetic field applied to and
acting on the non-solidified portions 13 of the cast strand
are controlled and distributed in such a way that the flow
of the melt at and adjacent the meniscus is braked be-
cause a force, which is directed opposite to the stirring
induced in the melt by the component of the magnetic
field across the casting direction, By, is achieved and
maintained by the forces which are applied to the melt
on a level with the phase winding by cooperation be-
tween the component of the magnetic field in the casting
direction, B,, and the electric currents which are induced
in the melt by the magnetic field. In one embodiment of
the invention, each one of the phase windings 15a, 15b,
15¢, 15d included in the sub-stirrers is arranged with its
front edge at a distance away from the melt which is
smaller than 150 mm. Since the mould wall normally has
a thickness which usually exceeds 8 mm, the phase
winding is preferably arranged at a distance away from
the inner surface of the mould wall of between 10 and
150 mm. In addition, the iron cores included in the sub-
stirrers are arranged more than 25 mm below the me-
niscus, preferably 25 to 200 mm below the meniscus.
During closed casting of weak rectangular blanks, so-
called billets, and to a certain extent also during casting
of somewhat coarser blanks, blooms, the phase wind-
ings included in the sub-stirrers are preferably arranged
with their front edge at a distance from the inner surface
of the mould wall, that is, from the melt, which lies within
an interval of 50 to 100 mm, and the iron cores 14a, 14b,
14c, 14d included in the sub-stirrers are arranged with
their upper edge 50 to 100 below the meniscus.
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[0026] In a corresponding way, during open casting,
the cores 14a, 14b, 14c, 14d and the phase windings
15a, 15b, 15¢, 15d included are arranged such that the
propagation and the magnetic field strength B of the ro-
tating magnetic field applied to and acting on the non-
solidified portions 13 of the cast strand are controlled
and distributed in such a way that the flow of the melt at
and adjacent the meniscus essentially comprises a
magnetic field-strength component, By, oriented across
the casting direction, which gives rise to a sufficiently
strong stirring at the meniscus. In one embodiment of
the invention, each one of the iron cores 14a, 14b, 14c,
14dincluded in the sub-stirrers is arranged with its upper
edge less than 100 mm from the meniscus. During open
casting of weak rectangular blanks, so-called billets,
and to a certain extent also of somewhat coarser blanks,
blooms, the iron cores 14a, 14b, 14c, 14d included in
the sub-stirrers are preferably arranged with their upper
edge less than 100 mm below the meniscus.

Claims

1. A method, during casting of metal, of controlling a
flow of molten metal in non-solidified portions of a
cast strand which is formed in a cooled mould which
is open at both ends in the casting direction, where-
in an efficient and controlled flow of molten metal in
said non-solidified portions is achieved and main-
tained by applying at least one rotating magnetic
field to act on the non-solidified portions of the cast
strand such that the melt is stirred by the action of
a force on the melt which arises by cooperation be-
tween the magnetic field-strength components of
the magnetic field and the electric currents which
are induced in the melt by the magnetic field, the
magnetic field being applied to the melt by means
of a two-phase or polyphase stirrer which is ar-
ranged outside the mould and which comprises two
or more sub-stirrers, each one comprising a mag-
netic core (14a, 14b, 14c, 14d) and an ac-fed phase
winding (15a, 15b, 15¢, 15d) arranged around the
core, the magnetic field on a level with the cores
essentially comprising a magnetic field-strength
component, By, oriented across the casting direc-
tion, and the magnetic field on a level with the phase
windings essentially comprising a magnetic field-
strength component, Bz, oriented parallel to the
casting direction, characterized in that the phase
windings (15a, 15b, 15¢, 15d) included in the mould
stirrer are arranged adjacent to the inner wall of the
mould such that the magnetic field which is gener-
ated by the mould stirrer inside the mould on a level
with the phase windings essentially comprises the
magnetic field-strength component, B,, oriented
parallel to the casting direction, and that the flow of
the melt at and adjacent the meniscus (17) is con-
trolled by adjusting the position of the meniscus rel-
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ative to the cores (14a, 14b, 14c, 14d) included in
the mould stirrer such that the action of a force
which arises in the melt at and adjacent the menis-
cus is changed by cooperation between the cur-
rents | induced in the melt and the field-strength
components, By and B,, respectively.

2. A method according to claim 1 during casting
wherein melt is supplied to the mould by means of
a casting tube which opens out below the upper sur-
face of the melt, the meniscus, characterized in
that the meniscus (17) is adjusted to a position rel-
ative to the cores (14a, 14b, 14c, 14d) included in
the mould stirrer such that the upper edge of the
cores will be positioned sufficiently far below the
meniscus (17), whereby the flow of the melt at and
adjacent to the meniscus is braked by the action of
a force which arises by cooperation between the
field-strength component B,, on a level with the
phase windings, and the electric currents | which
are induced in the melt by the magnetic field adja-
cent to the meniscus since these forces are directed
opposite to the forces F which are applied to act on
the melt further down in the mould by cooperation
between the component of the magnetic field
across the casting direction, By, and the induced
currents.

3. A method according to claim 2, characterized in
that the meniscus (17) is adjusted such that the
cores (14a, 14b, 14c, 14d) included in the mould
stirrer are arranged with their upper edge more than
25 mm below the meniscus (17) while at the same
time the phase windings (15a, 15b, 15c, 15d) in-
cluded in the mould stirrer are arranged with their
front edge less than 150 mm from the inner surface
of the mould wall.

4. A method according to claim 2 or claim 3, charac-
terized in that the meniscus (17) is adjusted such
that the cores (14a, 14b, 14c, 14d) included in the
mould stirrer are arranged with their upper edge 25
mm to 200 mm below the meniscus (17) while at the
same time the phase windings (15a, 15b, 15¢, 15d)
included in the mould stirrer are arranged with their
front edge 10 mm to 150 mm from the inner surface
of the mould wall.

5. A method according to claim 2, 3 or 4, character-
ized in that the meniscus (17) is adjusted such that
the cores (14a, 14b, 14c, 14d) included in the mould
stirrer are arranged with their upper edge 50 mm to
100 mm below the meniscus (17) while at the same
time the phase windings included in the mould stir-
rer are arranged with their front edge 50 mm to 100
mm from the inner surface of the mould wall.

6. A method according to claim 1 during casting
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wherein melt is supplied to the mould by means of
a free tapping jet which hits the upper surface, the
meniscus, of the melt, characterized in that the me-
niscus (17) is adjusted to a position wherein the
cores (14a, 14b, 14c, 14d) included in the mould
stirrer are arranged with their upper edge sufficient-
ly close to the meniscus (17) so as to achieve and
maintain a sufficiently strong stirring at and near the
meniscus by means of the action of a force which
is applied to the melt by cooperation between the
magnetic field-strength component of the magnetic
field across the casting direction, By, and the elec-
tric currents | which are induced in the melt by the
magnetic field while at the same time the magnetic
field-strength component, B,, of the magnetic field
on a level with said phase windings is applied
across the surface of the meniscus without gener-
ating any force directed opposite to the flow.

A method according to claim 6, characterized in
that the meniscus (17) is adjusted such that the
cores (14a, 14b, 14c, 14d) included in the mould
stirrer are arranged with their upper edge less than
100 mm from the meniscus while at the same time
the phase windings (15a, 15b, 15¢, 15d) included
in the mould stirrer are arranged with their front
edge less than 150 mm from the inner surface of
the mould wall.

A method according to claim 6, characterized in
that the meniscus (17) is adjusted such that the
cores (14a, 14b, 14c, 14d) included in the mould
stirrer are arranged with their upper edge less than
100 mm below the meniscus while at the same time
the phase windings (15a, 15b, 15¢, 15d) included
in the mould stirrer are arranged with their front
edge less than 150 mm from the inner surface of
the mould wall.

Patentanspriiche

1.

Verfahren zur Steuerung eines Stroms von ge-
schmolzenem Metall wahrend eines GieRvorgangs
des Metalls in nicht-erstarrten Bereichen eines
Gulstranges. der in einer gekihlten, an beiden En-
den in GieRrichtung offenen Gul3form gebildet wird,
wobei ein effizienter und gesteuerter Strom an ge-
schmolzenem Metall in den nicht-erstarrten Berei-
chen erreicht und durch Anlegen von mindestens
einem magnetischen Drehfeld, das auf die nicht-er-
starrten Bereiche des GuRstranges einwirkt, auf-
recht erhalten wird, so da die Schmelze durch
Krafteinwirkung auf die Schmelze gerihrt wird, wel-
che durch das Zusammenwirken zwischen den ma-
gnetischen Feldstarke-Komponenten des Magnet-
feldes und den in der Schmelze durch das Magnet-
feld induzierten elektrischen Strémen hervorgeru-
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fen wird, wobei das Magnetfeld mittels einer auler-
halb der Guf3form angeordneten, zwei- oder mehr-
phasigen Ruhreinrichtung an der Schmelze ange-
legt wird, welche zwei oder mehrere zuséatzliche
Ruihreinrichtungen aufweist, die jeweils einen Ma-
gnetkern (14a, 14b, 14c, 14d) und einen mit Wech-
selstrom versorgten, um den Kern angeordneten
Wicklungsstrang (15a, 15b, 15¢, 15d) aufweisen,
wobei das Magnetfeld auf einer H6he mit den Ker-
nen im Wesentlichen eine quer zur GieRrichtung
weisende, magnetische Feldstarken-Komponente
By aufweist, und wobei das Magnetfeld auf einer
Héhe mit den Wicklungsstrangen im Wesentlichen
eine parallel zur Giefdrichtung weisende. magneti-
sche Feldstarken-Komponente B, aufweist, da-
durch gekennzeichnet, dal

die in der GuRform-Rihreinrichtung enthalte-
nen Wicklungsstrange (15a, 15b, 15c, 15d) na-
he der Innenwand der GuRform derart ange-
ordnet sind, daf3 das durch die Guf3form-Ruihr-
einrichtung innerhalb der GuRform erzeugte
Magnetfeld auf einer H6he mit den Wicklungs-
strdngen im Wesentlichen die parallel zur
GielRrichtung weisende magnetische Feldstar-
ken-Komponente B, umfaldt. und daf

der Strom der Schmelze bei und nahe dem Me-
niskus (17) durch Einstellen der Position des
Meniskus relativ zu den in der GuRRform-Rihr-
einrichtung enthaltenen Kernen (14a, 14b, 14c,
14d) derart gesteuert wird, da die in der
Schmelze bei und nahe dem Meniskus entste-
hende Krafteinwirkung durch Zusammenwir-
ken der in der Schmelze induzierten Strome |
und den Feldstarke-Komponenten B, bzw. B,
verandert wird.

Verfahren nach Anspruch 1 wahrend eines
GieRRvorgangs, wobei die Schmelze der Gul3form
mittels einer Gierohre zugeflihrt wird, die sich un-
terhalb der Oberflache der Schmelze, dem Menis-
kus, aufweitet, dadurch gekennzeichnet, daf}

der Meniskus (17) in einer Position relativ zu
den in der Guf3form-Ruihreinrichtung enthaltenen
Kernen (14a, 14b, 14c, 14d) derart eingestellt wird,
daR der obere Rand der Kerne in ausreichendem
Mafe unterhalb des Meniskus (17) liegt, wobei der
Strom der Schmelze bei und nahe dem Meniskus
durch die Krafteinwirkung abgebremst wird, welche
durch Zusammenwirken der auf einer Hohe mit den
Wicklungsstrangen vorhandenen Feldstarke-Kom-
ponente B, und den in der Schmelze nahe des Me-
niskus durch das Magnetfeld induzierten elektri-
schen Stromen | entsteht, da diese Kréfte zu den
Kraften F entgegengerichtet sind, die aufgebracht
werden, um in der Guf3form weiter unten durch Zu-
sammenwirken der quer zur Gielrichtung weisen-
den Magnetfeld-Komponente B, und den induzier-
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ten Stromen auf die Schmelze zu wirken.

Verfahren nach Anspruch 2, dadurch gekennzeich-
net, dal®

der Meniskus (17) derart eingestellt wird, dal
der obere Rand der in der GuRRform-Rihreinrich-
tung enthaltenen Kerne (14a, 14b, 14c, 14d) mehr
als 25 mm unterhalb des Meniskus (17) angeordnet
ist, wahrend gleichzeitig der vordere Rand der in
der GufRform-Rihreinrichtung enthaltenen Wick-
lungsstrange (15a, 15b, 15¢, 15d) weniger als 150
mm von der Innenflache der GuRformwandung ent-
fernt angeordnet ist.

Verfahren nach Anspruch 2 oder 3, dadurch ge-
kennzeichnet, daf}

der Meniskus (17) derart eingestellt wird, da®
der obere Rand der in der GuRform-Rihreinrich-
tung enthaltenen Kerne (14a, 14b, 14c, 14d) 25 bis
200 mm unterhalb des Meniskus (17) angeordnet
ist, wahrend gleichzeitig der vordere Rand der in
der Gufform-Rihreinrichtung enthaltenen Wick-
lungsstrange (15a, 15b, 15¢, 15d) 10 bis 150 mm
von der Innenflache der GuRRformwandung entfernt
angeordnet ist.

Verfahren nach Anspruch 2, 3 oder 4, dadurch ge-
kennzeichnet, daf}

der Meniskus (17) derart eingestellt wird, dal
der obere Rand der in der GuRform-Ruhreinrich-
tung enthaltenen Kerne (14a, 14b, 14c, 14d) 50 bis
100 mm unterhalb des Meniskus (17) angeordnet
ist, wahrend gleichzeitig der vordere Rand der in
der GufRform-Rihreinrichtung enthaltenen Wick-
lungsstrange (15a, 15b, 15¢, 15d) 50 bis 150 mm
von der Innenflache der GuRRformwandung entfernt
angeordnet ist.

Verfahren nach Anspruch 1 wahrend eines
GieRRvorgangs, wobei die Schmelze der Gufl¥form
mittels eines freien Abstich-GielRkopfes zugefiihrt
wird, welcher die Oberflache der Schmelze, den
Meniskus, trifft, dadurch gekennzeichnet, dal}

der Meniskus (17) in einer Position eingestellt
wird, bei der der obere Rand der in der Gul3form-
Ruhreinrichtung enthaltenen Kerne (14a, 14b, 14c,
14d) ausreichend nahe dem Meniskus (17) ange-
ordnet ist, um bei und nahe dem Meniskus ein aus-
reichend starkes Riihren zu erreichen und aufrecht
zu erhalten, und zwar mittels einer Krafteinwirkung,
die durch Zusammenwirken der quer zur Gielrich-
tung weisenden magnetischen Feldstarke-Kompo-
nente des Magnetfeldes By und den in der Schmel-
ze durch das Magnetfeld induzierten elektrischen
Strédmen | auf die Schmelze ausgelbt wird, wah-
rend gleichzeitig die Magnetfeldstérke-Komponen-
te B, des Magnetfeldes auf einer H6he mit den
Wicklungsstrangen quer zur Oberflache des Menis-
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kus zugefuhrt wird, ohne eine dem Strom entgegen-
gerichtete Kraft zu erzeugen.

Verfahren nach Anspruch 6, dadurch gekennzeich-
net, dal}

der Meniskus (17) derart eingestellt wird, da®
der obere Rand der in der Guf3form-Ruhreinrich-
tung enthaltenen Kerne (14a, 14b, 14c, 14d) weni-
ger als 100 mm von dem Meniskus entfernt ange-
ordnet ist, wahrend gleichzeitig der vordere Rand
der in der GuRform-Rihreinrichtung enthaltenen
Wicklungsstrange (15a, 15b, 15¢, 15d) weniger als
150 mm von der Innenflache der Guformwandung
entfernt angeordnet ist.

Verfahren nach Anspruch 6, dadurch gekennzeich-
net, dal}

der Meniskus (17) derart eingestellt wird, daR
der obere Rand der in der Guf3¢form-Rihreinrich-
tung enthaltenen Kerne (14a, 14b, 14c, 14d) weni-
gerals 100 mm unterhalb des Meniskus angeordnet
ist, wahrend gleichzeitig der vordere Rand der in
der Gufform-Rihreinrichtung enthaltenen Wick-
lungsstrange (15a, 15b, 15c¢, 15d) weniger als 150
mm von der Innenflache der GuRformwandung ent-
fernt angeordnet ist.

Revendications

Procédé pour se rendre maitre pendant la coulée
de métal d'un courant de métal fondu dans des par-
ties non solidifiées d'une barre de coulée qui est for-
mée dans une lingotiére refroidie qui est ouverte
aux deux extrémités dans la direction de coulée, un
courant efficace et dont on peut se rendre maitre
de métal fondu dans les parties non solidifiées étant
obtenu et maintenu en appliquant au moins un
champ magnétique tournant qui agit sur les parties
non solidifiées de la barre de coulée, de maniére a
brasser la masse fondue par I'action d'une force sur
la masse fondue qui provient d'une coopération en-
tre les composantes d'intensité du champ magné-
tiqgue et les courants électriques qui sont induits
dans la masse fondue par le champ magnétique, le
champ magnétique étant appliqué a la masse fon-
due au moyen d'un dispositif de brassage a deux
phases ou polyphasé qui est disposé a I'extérieur
de la lingotiére et qui comprend deux sous-disposi-
tifs de brassage ou plusieurs sous-dispositifs de
brassage, chacun d'eux comprenant un noyau
(14a, 14b, 14c, 14d) magnétique et un enroulement
(15a, 15b, 15¢, 15d) de phase alimenté en courant
alternatif et disposé autour du noyau, le champ ma-
gnétique a un niveau des noyaux comprenant es-
sentiellement une composante, By, d'intensité de
champ magnétique disposée transversalement a la
direction de coulée et le champ magnétique a un
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niveau des enroulements de phase comprenant es-
sentiellement une composante, Bz, d'intensité de
champ magnétique orientée parallelement a la di-
rection de coulée, caractérisé en ce que les enrou-
lements (15a, 15b, 15¢, 15d) de phase inclus dans
le dispositif de brassage de la lingotiére sont dispo-
sés de maniére adjacente a la paroi intérieure de la
lingotiére, de fagon que le champ magnétique qui
est engendré par le dispositif de brassage de la lin-
gotiére a l'intérieur de la lingotiére a un niveau des
enroulements de phase comprennent essentielle-
ment la composante, Bz, d'intensité de champ ma-
gnétique, orientée parallélement a la direction de
coulée et en ce que le courant de la masse fondue
au meénisque (17) et a proximité du ménisque (17)
est réglé en ajustant la position du ménisque par
rapport au noyau (14a, 14b, 14c, 14d) inclus dans
le dispositif de brassage de la lingotiére de fagon
que Il'action d'une force qui nait dans la masse fon-
due au ménisque et a proximité du ménisque soit
modifiée par une coopération entre les courants |
induits dans la masse fondue et les composantes,
By et Bz, d'intensité de champ respectivement.

Procédé suivant la revendication 1, pendant la cou-
Iée, dans lequel de la masse fondue est envoyée a
la lingotiére au moyen d'un tube de coulée qui dé-
bouche en dessous de la face supérieure de la mas-
se fondue a savoir le ménisque, caractérisé en ce
qu'il consiste a mettre le ménisque (17) en une po-
sition relative par rapport aux noyaux (14a, 14b,
14c, 14d) inclus dans le dispositif de brassage de
la lingotiere de maniére que le bord supérieur des
noyaux soit placé suffisamment loin en dessous du
ménisque (17), de sorte que le courant de la masse
fondue au ménisque et a proximité du ménisque est
freiné par I'action d'une force née d'une coopération
entre la composante, Bz, d'intensité de champ a un
niveau des enroulements de phase et les courants
| électriques qui sont induits dans la masse fondue
par le champ magnétique adjacent au ménisque,
puisque ces forces sont de sens opposé aux forces
F qui sont appliquées a la masse fondue plus bas
dans la lingotiére par une coopération entre la com-
posante du champ magnétique transversalement a
la direction de coulée, By, et les courants induits.

Procédé suivant la revendication 2, caractérisé en
ce qu'il consiste a régler la position du ménisque
(17) de fagon que les noyaux (14a, 14b, 14c, 14d)
inclus dans les dispositifs de brassage de la lingo-
tiere soient disposés en ayant leur bord supérieur
plus bas de plus de 25 mm que le ménisque (17),
cependant que les enroulements (15a, 15b, 15c,
15d) de phase inclus dans le dispositif de brassage
de la lingotiere sont disposés en ayant leur bord
avant distant de moins de 150 mm de la face inté-
rieure de la paroi de la lingotiére.
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4.

Procédé suivant la revendication 2 ou la revendica-
tion 3, caractérisé en ce qu'il consiste a mettre le
ménisque (17) en une position telle que les noyaux
(14a, 14b, 14c, 14d) inclus dans le dispositif de
brassage de la lingotiére soient disposés en ayant
leur bord supérieur plus bas de 25 mm a 200 mm
que le ménisque (17), cependant que les enroule-
ments (15a, 15b, 15¢, 15d) de phase inclus dans le
dispositif de brassage de la lingotiére sont disposés
en ayant leur bord avant éloigné de 10 mm a 150
mm de la face intérieure de la paroi de la lingotiére.

Procédé suivant la revendication 2, 3 ou 4, carac-
térisé en ce qu'il consiste a régler la position du mé-
nisque (17) de fagon que les noyaux (14a, 14b, 14c,
14d) inclus dans le dispositif de brassage de la lin-
gotiere soient disposés en ayant leur bord supérieur
plus bas que le ménisque (17) de 50 mm a 100 mm,
cependant que les enroulements de phase inclus
dans le dispositif de brassage de la lingotiére sont
disposés en ayant leur bord frontal a une distance
de 50 mm a 100 mm de la face intérieure de la paroi
de la lingotiére.

Procédé suivant la revendication 1, pendant la cou-
Iée, dans lequel de la masse fondue est envoyée a
la lingotiére au moyen d'un jet libre de coulée qui
heurte la face supérieure, a savoir le ménisque, de
la masse fondue, caractérisé en ce qu'il consiste a
mettre le ménisque (17) en une position dans la-
quelle les noyaux (14a, 14b, 14c, 14d) inclus dans
le dispositif de brassage de la lingotiere sont dispo-
sés en ayant leur bord supérieur suffisamment prés
du ménisque (17) de fagon a obtenir et & maintenir
un brassage suffisamment intense au ménisque et
a proximité de celui-ci au moyen de l'action d'une
force qui est appliquée a la masse fondue par une
coopération entre la composante d'intensité du
champ magnétique transversalement a la direction
de coulée, By, et les courants | électriques qui sont
induits dans la masse fondue par le champ magné-
tique, cependant que la composante, Bz, d'intensité
du champ magnétique au niveau des enroulements
de phase est appliquée transversalement a la sur-
face du ménisque sans engendrer de force de sens
opposé au courant.

Procédé suivant la revendication 6, caractérisé en
ce qu'il consiste a régler la position du ménisque
(17) de fagon que les noyaux (14a, 14b, 14c, 14d)
inclus dans le dispositif de brassage de la lingotiére
soient disposés en ayant leur bord supérieur a
moins de 100 mm du ménisque, tandis que les en-
roulements (15a, 15b, 15c, 15d) de phase inclus
dans le dispositif de brassage de la lingotiére sont
disposés en ayant leur bord avant a moins de 150
mm de la face intérieure de la paroi de la lingotiére.
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Procédé suivant la revendication 6, caractérisé en
ce qu'il consiste a régler la position du ménisque
(17) de fagon que les noyaux (14a, 14b, 14c, 14d)
inclus dans le dispositif de brassage de la lingotiére
soient disposés en ayant leur bord supérieur plus
bas de moins de 100 mm que le ménisque, cepen-
dant que les enroulements (15a, 15b, 15c, 15d) de
phase inclus dans le dispositif de brassage de la
lingotiére sont disposés en ayant leur bord avant a
moins de 150 mm de la face intérieure de la paroi
de la lingotiere.
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