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(54) ELECTROMAGNETIC COIL DEVICE FOR USE OF IN-MOLD MOLTEN STEEL CAPABLE OF 
SERVING BOTH AS ELECTROMAGNETIC STIR AND ELECTROMAGNETIC BRAKE

(57) PROBLEM: To optimize the relationship be-
tween the inner and outer windings of a multi-function
coil.

MEANS: An electromagnetic coil system for contin-
uous casting of steel configured to selectively activate
electromagnetic stirring and electromagnetic braking of
molten steel by applying a direct current or at least a 3-
phase alternating current to an electromagnetic coil. The
electromagnetic coil is provided with two teeth 1aa ex-
tending from yoke 1ab. An inner winding 1b is provided
around the two teeth 1aa, and an outer winding 1c is
further provided around the outside. A number of coil
turns of the outer winding 1c is equal to a number of coil
turns -of the inner winding 1b, if the number of coil turns
of the inner winding 1b is sufficient. The number of coil

turns of the outer winding 1c is greater than the number
of coil turns of the inner winding 1b and no more than 2.5
times the number of coil turns of the inner winding 1b, if
the number of coil turns of the inner winding 1b is insuf-
ficient. The electromagnetic coil is arranged so that there
are n coils disposed on each wide side 1a, where n is a
natural number greater than or equal to 2, and the core
1a of a magnetic material is disposed in a range extend-
ing in a vertical direction from a position of the meniscus
and including an outlet port of immersion nozzle 4.

ADVANTAGEOUS EFFECT: Sufficient stirring per-
formance and braking performance can be ensured,
even if the inner winding does not have the necessary
number of coil turns.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electromag-
netic coil system for in-mold molten steel that is capable
of serving both as an electromagnetic stirrer and as an
electromagnetic brake, for use in continuous casting of
steel while controlling the flow of in-mold molten steel.

BACKGROUND ART

[0002] In continuous casting of steel, controlling the
flow of molten steel in the mold is of the utmost impor-
tance in the casting operation and in quality control of
cast slabs. There are various methods for achieving flow
control of molten steel, such as improving the shape of
the immersion nozzle and applying an electromagnetic
force to the molten steel in the mold. Of these methods,
the application of an electromagnetic force to the molten
steel in the mold has become widely used and is practiced
by two main methods: electromagnetic stirring, which in-
volves stirring the molten steel by means of an electro-
magnetic force; and electromagnetic braking, which ap-
plies a braking force to the molten steel outlet flow.
[0003] Electromagnetic stirring is known to have the
effect of improving product quality, and is primarily used
in the casting of high-grade materials. On the other hand,
electromagnetic braking is used to prevent a reduction
in product quality resulting from re-melting of a solidified
shell when the outlet flow of molten steel collides against
a solidified shell on the narrow sides of the mold by ap-
plying a braking force to the molten steel outlet flow. Elec-
tromagnetic braking is also used to increase the casting
velocity by controlling the flow velocity of the molten steel
flow below the meniscus.
[0004] These electromagnetic brakes and electromag-
netic stirrers are both provided with electromagnetic coils
with windings around their magnetic cores disposed on
the back side of the mold. A core often employs iron,
which is a ferromagnetic material, and is referred to as
an iron core. An electromagnetic steel plate is employed
as a core in electromagnetic stirring, which
uses alternating current, in order to reduce core loss due
to electromagnetic induction. A soft iron core is often used
in an electromagnetic brake.
[0005] These electromagnetic coil systems typically
have only a single function of either an electromagnetic
brake or an electromagnetic stirrer.
[0006] Accordingly, the present inventors previously
developed an electromagnetic coil system capable of
serving both as an electromagnetic stirrer and as an elec-
tromagnetic brake (referred to below as a multi-function
coil). See, for example, Patent Reference 1.

Patent Reference 1: Japanese Patent Application
Kokai Publication No. 2007-007719

[0007] The geometry of the multi-function coil of the
present invention is basically identical to that disclosed
in Patent Reference 1. The multi-function coil also em-
ploys an electromagnetic coil structure disclosed in Pat-
ent Reference 2.

Patent Reference 2: Japanese Patent Application
Kokai Publication No. S60-044157

[0008] FIG. 10 shows a multi-function coil 1 as dis-
closed in Patent Reference 2 in which two coils 1 are
arranged in a continuous manner on a wide side 2a of a
mold 2. This multi-function coil 1 employs a winding 1b
(inner winding) around each two teeth 1aa, and a winding
1c (outer winding) around the outer side of the two teeth
1aa to form a single unit. Since the shape of the two teeth
1aa and the yoke 1ab forming a core 1a of this electro-
magnetic coil resembles the Greek letter π (pi), this multi-
function coil 1 is called a pi-coil. In FIG. 10, Reference
Numeral 2b is a narrow side of the mold 2, Reference
Numeral 3 is a back-up plate, and Reference Numeral 4
is an immersion nozzle.
[0009] In an electromagnetic coil system, electromag-
netic stirring capacity and electromagnetic braking ca-
pacity depend on the product of the current applied to
the excitation coils and the number of coil turns. It is thus
necessary to increase either the number of coil turns or
the current, in order to enhance the performance of an
electromagnetic coil system. However, increasing the
current requires an increase in the cross-sectional sur-
face area of the windings, which results in a decrease in
the number of coil turns. Therefore, increasing the
number of coil turns is the primary condition for enhancing
the performance of an electromagnetic coil system. The
same is true for a multi-function coil.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0010] However, since overlapping windings of an in-
ner excitation coil and an outer excitation coil are required
in a multi-function coil, ample space is needed to accom-
modate the windings. In particular, the inner excitation
coil must be arranged in a limited space between the two
teeth, and thus the number of coil turns is limited, result-
ing in a problem that the electromagnetic stirring capacity
and the electromagnetic braking capacity are also limit-
ed.
[0011] The problem to be solved by the present inven-
tion is that in the multi-function coil previously disclosed
by the applicant, since provided in a limited space be-
tween the two teeth a number of coil turns of the inner
excitation coils was limited and, thus the electromagnetic
stirring capacity and the electromagnetic braking capac-
ity were also sometimes limited.
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MEANS FOR SOLVING THESE PROBLEMS

[0012] The present invention is directed to a multi-func-
tion coil which is an electromagnetic coil system for in-
mold molten steel serving both as an electromagnetic
stirrer and as an electromagnetic brake for use in con-
tinuous casting of steel, by selectively applying electro-
magnetic stirring and electromagnetic braking on molten
steel in a mold by applying a direct current or at least a
3-phase alternating current to an electromagnetic coil
disposed around a wide side of a mold, thereby ensuring
both electromagnetic stirring performance and electro-
magnetic braking performance, the electromagnetic coil
system comprising:

an electromagnetic coil, and an at least a 3-phase
alternating current source and a direct current
source,

the electromagnetic coil having two teeth extending
from a yoke, and

an inner winding being disposed around the outer
side of each of these two teeth and an outer winding
being disposed around the outside of the two teeth
provided with these inner windings, thereby uniting
the two teeth,

wherein a number of coil turns of the outer winding

1) is equal to the number of coil turns of the inner
winding, if a sufficient number of coil turns of the
inner winding can be ensured; or
2) is greater than and no more than 2.5 times
the number of coil turns of the inner winding if
the number of coil turns of the inner winding is
insufficient,
wherein an n number of electromagnetic coils
are arranged on each wide side of a mold, where
n is a natural number greater than or equal to 2,
and a core of a magnetic material formed from
the yoke and the teeth is disposed in a range
extending in a vertical direction from a position
of the meniscus of the molten steel and including
the outlet port of the immersion nozzle.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0013] According to the present invention, in an elec-
tromagnetic coil system configured to serve as both an
electromagnetic stirrer and as an electromagnetic brake,
sufficient electromagnetic stirring performance and elec-
tromagnetic braking performance can be obtained, of
course, if the required number of coil turns are provided
around the inner excitation coil, and even if there is suf-
ficient space, and the required windings cannot be ac-
commodated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 shows a computation model of electromag-
netic field analysis. FIG. 1 (a) is a perspective view
of the entire model. FIG. 1 (b) is a horizontal sectional
view. FIG. 1 (c) is a vertical sectional view.

FIG. 2 (a) and (b) are drawings showing the combi-
nations of current phases of the multi-function coil
disclosed in Japanese Patent Application No.
2007-150627.

FIG. 3 is a graph showing the relationship between
the number of coil turns of the outer excitation coil
and the magnetic flux density at the center of mold
thickness.

FIG. 4 is a drawing showing magnetic flux density
distribution at the center of mold thickness (contour
lines with 10 equal intervals, starting with the maxi-
mum value for magnetic flux density). FIG. 4 (a) il-
lustrates a case where the number of coil turns of
the inner and outer excitation coils is equal, with 60
coil turns each. FIG. 4 (b) illustrates a case where
the number of coil turns of the outer excitation coil
is 100 coil turns.

FIG. 5 is a graph showing the relationship between
the number of coil turns of the outer excitation coil
and the maximum stirring force generated within the
mold.

FIG. 6 is a graph showing the distribution of stirring
force near the wide side of the mold when the number
of coil turns of the outer excitation coil is varied.

FIG. 7 is a drawing showing the comparative posi-
tions of the stirring force and the flow velocity.

FIG. 8 is a graph showing the flow velocity distribu-
tion when the inner excitation coil has 60 coil turns,
which is the ideal number of coil turns and the outer
excitation coil has 60 coil turns, as well as the case
when the inner excitation coil has 40 coil turns, which
is lower than the ideal number of coil turns and the
outer excitation coil has 100 coil turns.

FIG. 9 is a graph showing the flow velocity distribu-
tion when the inner excitation coil has 40 coil turns,
which is lower than the ideal number of coil turns and
the outer excitation coil has 120 coil turns, and the
number of coil turns of the inner and outer excitation
coils are equal, with 40 coil turns.

FIG. 10 shows diagrams describing the geometry of
the multi-function coil. FIG. 10 (a) is a horizontal sec-
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tional view, and FIG. 10 (b) is a vertical sectional
view.

BRIEF DESCRIPTION OF THE REFERENCE NUMER-
ALS

[0015]

1 Multi-function coil
1a Core
1aa Teeth
1ab Yoke
1b Inner winding
1c Outer winding
2 Mold
2a Wide side
2b Narrow side
4 Immersion nozzle

PREFERRED EMBODIMENTS

[0016] In the multi-function coil previously disclosed
by the applicant, there were a limited number of coil turns
of inner excitation coils provided in a limited space be-
tween the two teeth, and thus the electromagnetic stirring
capacity and the electromagnetic braking capacity were
also sometimes limited. The object of the present inven-
tion is to ensure both electromagnetic stirring perform-
ance and electromagnetic braking performance by opti-
mizing the relationship between the number of coil turns
of the outer winding and the inner winding.

EMBODIMENTS

[0017]  The present invention is described below, from
the process of its initial conception to its solution of the
problems of the prior art, and a preferred embodiment
for implementing the present invention is described.
[0018] As described above, in a multi-function coil,
there are two types of excitation coils, namely, inner and
outer excitation coils, unlike prior art electromagnetic coil
systems used in electromagnetic stirrers and electro-
magnetic brakes. Also, while the number of coil turns is
limited by the space between the teeth in the case of the
inner excitation coil, there is spatial leeway for increasing
the number of coil turns in the case of the outer excitation
coil.
[0019] Therefore, the number of possible coil turns can
differ between the inner excitation coil and the outer ex-
citation coil, but in the prior art, the relationship between
the number of coil turns of the inner excitation coil and
the outer excitation coil was not investigated.
[0020] Accordingly, the present inventors carefully
studied the effect on multi-function coil performance
when the number of coil turns of the outer excitation coil
was varied with respect to the number of coil turns of the
inner excitation coil which is limited by the interval be-
tween the teeth.

[0021] Performance of the multi-function coil includes
the electromagnetic stirring capacity, which can be eval-
uated in terms of the stirring force resulting from the elec-
tromagnetic force generated in the molten steel. It also
includes electromagnetic braking performance, which
can be evaluated in terms of the magnitude of the elec-
tromagnetic flux applied to the molten steel.
[0022] If the number of coil turns of the outer excitation
coil is increased, it is predicted that an electromagnetic
brake used as a static magnetic field will simply have an
increased magnetic flux density. However, a question
arises as to whether electromagnetic stirring can be im-
paired if there is an electrical power differential between
the outer excitation coil and the inner excitation coil due
to an increase in the number of coil turns of the outer
excitation coil.
[0023] Accordingly, the present inventors employed a
computation model of electromagnetic field analysis to
study changes in stirring force and electromagnetic flux
density when the number of coil turns of the outer exci-
tation coil was varied.
[0024] FIG. 1 shows a computation model of electro-
magnetic field analysis. FIG. 1 (a) is a perspective view
of the entire model. FIG. 1 (b) is a horizontal sectional
view. FIG. 1 (c) is a vertical sectional view. The numerals
in the figure represent the dimensions (mm) of the parts
of the model.
[0025] A non-magnetic stainless steel back-up plate 3
is disposed on the outer side of a copper mold 2, and an
upper end of a core 1a is at the same height as the me-
niscus M. The number of coil turns of the excitation core
is between 40-60 for the inner winding and 40-120 for
the outer winding.
[0026] When activating electromagnetic stirring, alter-
nating current is applied with a frequency of 4.0 Hz at
750 A. When activating electromagnetic braking, direct
current of 900 A is applied.
[0027] The coil current phases during electromagnetic
stirring exhibit the same combinations of current phases
as those disclosed in Japanese Patent Application No.
2007-150627.
[0028] As shown in FIG. 2, excitation coils (a) - (c),
excitation coils (d) - (f), excitation coils (g) - (i), and exci-
tation coils (j) - (l) each form one electromagnetic coil.
Excitation coils (a), (d), (g), and (j) are excitation coils
which have the outer winding 1c to unify the two respec-
tive teeth 1aa.
[0029] Electromagnetic coils having the excitation
coils (a) - (c) and the excitation coils (d) - (f) is disposed
sequentially on one wide side 2a of the mold 2. Electro-
magnetic coils having the excitation coils (g) - (i) and the
excitation coils (j) - (l) arranged on the other wide side
2a of the mold 2, are disposed facing the excitation coils
(a) - (c) and the excitation coils (d) - (f).
[0030] In such an arrangement, phases U, V, and W
having a phase difference of 120° in a 3-phase alternating
current, are applied to the excitation coils (a) - (l) at the
inner winding 1b for the teeth 1aa of the electromagnetic
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coils in the sequence of the excitation coils, as shown in
FIG. 2. In FIG. 2 (a), -W, +V, +U, +W, -V, -U, -W, +U, +V,
+W, -U, and -V are applied sequentially to the excitation
coils (a) - (l). In FIG. 2 (b), -W, +V, +U, -V, +U, +W, +V,
-W, -U, +W, -U, and -V are applied.
[0031] On the other hand, during electromagnetic
braking, current is applied in the same direction to all
three windings 1b and 1c around the two teeth 1aa.
[0032] FIG. 3 is a graph showing the relationship be-
tween the number of coil turns of the outer excitation coil
and the magnetic flux density at the center of mold thick-
ness. FIG. 3 indicates that the magnetic flux density in-
creases proportionately with the number of coil turns of
the outer excitation coil.
[0033] FIG. 4 is a drawing showing magnetic flux den-
sity distribution at the center of mold thickness: FIG. 4
(a) illustrates a case where the number of coil turns of
the inner and outer excitation coils is equal, with 60 coil
turns each. FIG. 4 (b) illustrates a case where the number
of coil turns of the outer excitation coil is 100 coil turns,
while that of the inner excitation coil is 60. FIG. 4 shows
contour lines with 10 equal intervals, starting with the
maximum value for magnetic flux density.
[0034] FIG. 4 confirms that no great change in the mag-
netic flux density distribution occurs, even if the number
of coil turns of the outer excitation coil is increased so as
to exceed the number of coil turns of the inner excitation
coil.
[0035] Next, the present inventors studied the electro-
magnetic stirring capacity when the number of coil turns
of the outer excitation coil was increased so as to exceed
the number of coil turns of the inner excitation coil.
[0036] FIG. 5 is a graph showing the relationship be-
tween the number of coil turns of the outer excitation coil
and the maximum stirring force generated within the
mold. FIG. 5 indicates that stirring force can be increased
by increasing the number of coil turns of the outer exci-
tation coil.
[0037] FIG. 6 is a graph showing the distribution of
stirring force near the wide side of the mold when the
number of coil turns of the outer excitation coil is varied.
The distribution of stirring force shown in FIG. 6 is at a
position 5 mm from the wide side of the mold at the po-
sition of the meniscus of the molten steel. The distribution
of the stirring force is in the direction of the wide side at
the position A-A’ in FIG. 7.
[0038] FIG. 6 indicates that if the number of coil turns
of the outer excitation coil is reduced to 40 (broken line)
versus 60 coil turns for the inner excitation coil, there is
reduced stirring force in all regions on the wide side of
the mold. On the other hand, if the number of coil turns
of the outer excitation coil is increased to 120 (dotted
line), the stirring force increases in the opposite direction
at the left end of the wide side of the mold, and the stirring
force is less than 0 even at the center of the mold, even
though the maximum stirring force increases.
[0039] Judging from this stirring force distribution, it
can be concluded that if the target number of coil turns

is provided to the inner excitation coil, then the optimum
result is achieved by forming the inner excitation coil and
the outer excitation coil with the same number of coil
turns. However, there are cases in which it is not possible
to provide the target number of coil turns to the inner
excitation coil because of the interval between the teeth.
In such cases, it is thought to be possible that the required
electromagnetic stirring can be achieved by increasing
the number of coil turns of the outer excitation coil, even
though it makes the stirring slightly worse.
[0040] As shown in FIG. 1 (b) and (c), the results of
numerical analysis show that when producing a multi-
function coil having teeth 1aa with a width of 140 mm and
an interval between the teeth 1aa of 140 mm, a current
of 750 A � 60 Turns is needed during electromagnetic
stirring.
[0041] However, if a copper pipe through which a cur-
rent of at least 750 A can be flown is used as a winding
of an excitation coil in a multi-function coil having teeth
1aa with an interval of 140 mm, there was not enough
space for 60 coil turns for the inner excitation coil, so
there was a limit of 40 coil turns.
[0042] FIG. 8 is a graph showing the distribution of flow
velocity of molten steel. The solid line shows the case
where the inner excitation coil has the ideal number of
coil turns, namely 60 coil turns, and the and the outer
excitation coil has 60 coil turns. The broken line repre-
sents a case where there are 40 coil turns for the inner
excitation coil, which is fewer than the ideal number of
coil turns, and 100 coil turns for the outer excitation coil
(the ratio of outer coil turn to inner coil turn is 2.5).
[0043]  The flow velocity of molten steel shown in FIG.
8 represents measurements taken at a position 5 - mm
from the wide side of the mold at position of the meniscus.
Measurements are taken in the direction of the wide side
at the position A-A’ in FIG. 7.
[0044] It can be concluded from FIG. 8 that if the
number of coil turns for the inner excitation coil and the
outer excitation coil is identical, namely 60 coil turns (solid
line), then a flow velocity of at least 10 cm/sec occurs in
almost all regions of the wide side of the mold, resulting
in favorable stirring.
[0045] On the other hand, if the number of coil turns
of the inner excitation coil is 40, and the number of coil
turns of the outer excitation coil is 100 (broken line), then
the flow velocity drops to 5 cm/sec at the center of the
mold, but the flow velocity distribution is equivalent to
that when the inner and outer excitation coils have an
equal number of coil turns.
[0046] FIG. 9 is a graph showing the flow velocity dis-
tribution of molten steel. The solid line is for 40 coil turns,
which is fewer than the ideal number of coil turns for the
inner excitation coil, and illustrates the case where the
number of coil turns for the outer excitation coil is 120
(the ratio of outer coil turn to inner coil turn is 3). The
broken line represents the case where the inner and outer
coil turns is equal, namely 40 coil turns.
[0047] FIG. 9 indicates that the flow velocity drops to
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below 0 at the center of the mold, when the number of
coil turns for the inner excitation coil is lower than the
ideal number, and the number of coil turns for the outer
excitation coil is 3 times that of the inner excitation coil,
even though the maximum flow velocity increases.
[0048] This indicates that when the number of coil turns
for the outer excitation coil is 3 times that of the inner
excitation coil, the flow velocity becomes stagnant or re-
versed, and is thus unsuitable for electromagnetic stir-
ring.
[0049] FIG. 9 also indicates that if the number of coil
turns for the inner excitation coil is lower than the ideal
number of coil turns, there is a large region in which the
stirring force is insufficient and the flow velocity is on the
order of 0, even if the number of coil turns of the inner
and outer excitation coils is equal, and this is unsuitable
for electromagnetic stirring.
[0050] As a result of the above findings, it was deter-
mined that the optimal number of coil turns for the exci-
tation coils in a multi-function coil is an equal number of
coil turns for the inner and outer excitation coils, in cases
where it is possible to ensure a sufficient number of coil
turns for the inner excitation coil.
[0051] On the other hand, it was determined that in
cases where it is not possible to ensure a sufficient
number of coil turns for the inner excitation coil, satisfac-
tory electromagnetic stirring can be achieved if the
number of coil turns for the outer excitation coil is greater
than that of the inner excitation coil, and the number of
coil turns is no more than 2.5 times greater.
[0052] Moreover, if the number of coil turns of the outer
excitation coil is 100, then the magnetic flux density is
3179 Gauss during electromagnetic braking, and 2465
Gauss if the number of coil turns is 40. It was determined
that the present invention can realize a magnetic flux
density of at least 3000 Gauss, which is sufficient to
achieve suitable electromagnetic braking performance.
[0053] The present invention was devised on the basis
of the above results of electromagnetic numerical anal-
ysis, can achieve sufficient electromagnetic stirring per-
formance and electromagnetic braking performance.
The present invention is directed to an electromagnetic
coil system for in-mold molten steel serving both as an
electromagnetic stirrer and as an electromagnetic brake
for use in continuous casting of steel by selectively ap-
plying electromagnetic stirring or electromagnetic brak-
ing on molten steel in a mold by applying a direct current
or at least a 3-phase alternating current to an electro-
magnetic coil disposed around a wide side of a mold.
[0054] An electromagnetic coil which is connected to
at least a 3-phase alternating current source and a direct
current source, is provided two teeth extending from a
yoke. An inner winding is provided around the outer side
of each of these two teeth, and an outer winding around
the outside of the two teeth is provided with the inner
windings, thereby uniting the two teeth.
[0055] If a sufficient number of coil turns of the inner
winding can be ensured, then the number of coil turns of

the outer winding is equal to the number of coil turns of
the inner winding, and if the number of coil turns of the
inner winding is insufficient, then the number of coil turns
of the outer winding is greater than and no more than 2.5
times the number of coil turns of the inner winding.
[0056] Additionally, an n number of the electromagnet-
ic coils are arranged on each wide side, where n is a
natural number greater than or equal to 2, and a core of
a magnetic material formed from the yoke and the teeth
is disposed in a range extending in a vertical direction
from a position of the meniscus of the molten steel and
including the outlet port of the immersion nozzle.
[0057] The present invention is of course not limited
to the foregoing examples, and the embodiments can of
course be suitably modified, as long as they are within
the scope of the technical ideas recited in the claims.
[0058] For example, the alternating current does not
have to be 3-phase, and as long as the current phase
difference varies from 90° to 120°, it can be a multi-phase
alternating current of a higher order.

INDUSTRIAL APPLICABILITY

[0059] The present invention described above can be
applied to continuous casting using a curved mold, a ver-
tical mold, or any mold shape, as long as it involves con-
tinuous casting. Moreover, the present invention can be
applied not only to continuous casting of slabs, but also
to continuous casting of blooms.

Claims

1. An electromagnetic coil system for in-mold molten
steel serving both as an electromagnetic stirrer and
as an electromagnetic brake for use in continuous
casting of steel by selectively applying electromag-
netic stirring and electromagnetic braking on molten
steel in a mold by applying a direct current or at least
a 3-phase alternating current to an electromagnetic
coil disposed around a wide side of a mold,,
the electromagnetic coil system comprising:

an electromagnetic coil, and at least a 3-phase
alternating current source and a direct current
source,
the electromagnetic coil comprising two teeth
extending from a yoke, and
an inner winding being disposed around an outer
side of each of the two teeth and an outer wind-
ing being disposed around an outside of the two
teeth provided with the inner windings, thereby
uniting the two teeth,
wherein a number of coil turns of the outer wind-
ing is equal to a number of coil turns of the inner
winding, and
wherein an n number of electromagnetic coils
are arranged on each wide side of a mold,
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where n is a natural number greater than or
equal to 2, and a core of a magnetic material
formed from the yoke and the teeth is disposed
in a range extending in a vertical direction from
a position of the meniscus of molten steel and
including the outlet port of the immersion nozzle.

2. An electromagnetic coil system for in-mold molten
steel serving both as an electromagnetic stirrer and
as an electromagnetic brake for use in continuous
casting of steel by selectively applying electromag-
netic stirring and electromagnetic braking on molten
steel in a mold by applying a direct current or at least
a 3-phase alternating current to an electromagnetic
coil disposed around a wide side of a mold,
the electromagnetic coil system comprising:

an electromagnetic coil, and at least a 3-phase
alternating current source and a direct current
source,
the electromagnetic coil being provided with two
teeth extending from a yoke, and
an inner winding being disposed around the out-
er side of each of the two teeth and an outer
winding being disposed around an outside of the
two teeth provided with the inner windings,
thereby uniting the two teeth,
wherein a number of coil turns of the outer wind-
ing is greater than or equal to 2.5 times a number
of coil turns of the inner winding, and
wherein an n number of electromagnetic coils
are arranged on each wide side of a mold,
where n is a natural number greater than or
equal to 2, and a core of a magnetic material
formed from the yoke and the teeth is disposed
in a range extending in a vertical direction from
a position of the meniscus of molten steel and
including an outlet port of the immersion nozzle.
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