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(54) A METHOD AND STIRRING SYSTEM FOR CONTROLLING AN ELECTROMAGNETIC STIRRER

(57) The present disclosure relates to a method of
controlling an electromagnetic stirrer arranged around a
submerged entry nozzle, SEN, of a tundish provided with
a stopper rod to control throughput of the tundish, the
SEN being configured to provide tapping of molten metal
from the tundish and the electromagnetic stirrer being

configured to generate a rotating magnetic field in the
SEN, wherein the method comprises controlling (S1) the
electromagnetic stirrer to operate only when a gas flow
rate through the stopper rod is in a first range of 1.5
NL/min to 20 NL/min.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to met-
al making and in particular to a method and a stirring
system for controlling an electromagnetic stirrer.

BACKGROUND

[0002] Submerged Entry Nozzles (SEN) are used for
controlling the flow pattern in a slab caster mould, and
consequently for the slab and final product quality. It is
a common practice to purge argon gas into the SEN for
the purpose of avoiding nozzle clogging due to oxides
building up on the SEN inner wall and for controlling flow
the pattern in the mould.
[0003] With higher demand on product quality, several
problems with conventional SENs have been identified
and a swirling flow nozzle has been considered as one
effective measure in improving the flow in the mould and
thus to improve the product quality.
[0004] Electromagnetic stirring of molten metal flowing
through the tundish nozzle has been under development
for the last twenty years. The principle of an electromag-
netic stirrer arranged around the nozzle, is to generate
a rotating magnetic field in the nozzle. Eddy currents are
thereby induced in the molten metal flowing through the
nozzle. This gives rise to an electromagnetic force that
rotates the molten metal horizontally in the SEN.
[0005] CN 100357049C discloses an electromagnetic
swirl nozzle. An electromagnetic swirl means is provided
on a moving mechanism around the nozzle, which mov-
ing mechanism is movable from the casting position.

SUMMARY

[0006] Although stirring by means of a rotat-
ing/traveling magnetic field in an SEN may have benefi-
cial effects on the end product, the present inventors have
realised that even if electromagnetic stirring is used to
provide stirring in an SEN, a number of additional param-
eters should be fulfilled in order to be able to provide the
desired higher quality end product.
[0007] In view of the above, an object of the present
disclosure is to provide a method of controlling an elec-
tromagnetic stirrer provided around an SEN which
solves, or at least mitigates, the problems of the prior art.
[0008] There is hence according to a first aspect of the
present disclosure provided a method of controlling an
electromagnetic stirrer arranged around a submerged
entry nozzle, SEN, of a tundish provided with a stopper
rod to control throughput of the tundish, the SEN being
configured to provide tapping of molten metal from the
tundish and the electromagnetic stirrer being configured
to generate a rotating magnetic field in the SEN, wherein
the method comprises: controlling the electromagnetic
stirrer to operate only when a gas flow rate through the

stopper rod is in a first range of 1.5 NL/min to 20 NL/min.
[0009] The inventors have found that by controlling the
electromagnetic stirrer to operate only when the gas flow
rate is 1.5 NL/min or higher, a more efficient electromag-
netic stirring may be provided than for lower gas flow
rates. Furthermore, the inventors have found that oper-
ation of the electromagnetic stirrer in combination with a
higher gas flow rate than 20 NL/min can generate a gas
plug in the SEN, which could be harmful for the flow in
the mould and to the product quality. Thus, by only op-
erating the electromagnetic stirrer when the gas flow rate
is in the first range, optimal stirring in the SEN may be
provided, ensuring, if all other is equal, a higher quality
end product.
[0010] With NL/min is meant normal litres per minute.
With the term "operate" is here meant that the electro-
magnetic stirrer is configured to provide a rotating mag-
netic field only when the gas flow rate through the stopper
rod is in the specified first range. The electromagnetic
stirrer has coils which are energised to provide this ro-
tating magnetic field, and thus, when electromagnetic
stirrer is operated the coils are energised, thereby creat-
ing a rotating magnetic field. The coils are typically not
energised when the electromagnetic stirrer is not being
operated, at least not so that they will create a rotating
magnetic field in the molten metal.
[0011] According to one embodiment the first range is
2 NL/min to 15 NL/min. The range of 2 NL/min to 15
NL/min has proved to be especially advantageous in be-
ing able to provide a higher quality end product.
[0012] According to one embodiment, in addition to the
gas flow through the stopper rod being in the first range,
the controlling involves controlling the electromagnetic
stirrer to operate only when the casting throughput is at
least 1.5 ton/min. The inventors have found that if elec-
tromagnetic stirring is applied when the throughput is less
than 1.5 ton/min coalescence of the gas bubbles may be
promoted generating a gas plug in the SEN, which could
be harmful for the flow in the mould and for the product
quality.
[0013] According to one embodiment the controlling
involves controlling the electromagnetic stirrer to operate
only when the casting throughput is at least 1.8 ton/min.
[0014] One embodiment comprises, prior to the step
of controlling, obtaining a gas flow rate through the stop-
per rod, wherein the controlling is based on the obtained
gas flow rate.
[0015] According to one embodiment the controlling of
the electromagnetic stirrer involves providing a controlled
sub-meniscus speed of molten metal in a mould in a sec-
ond range of 0.20 m/s to 0.50 m/s.
[0016] According to one embodiment the second
range is 0.25 m/s to 0.45 m/s.
[0017] One embodiment comprises obtaining a sub-
meniscus speed of molten metal in the mould, wherein
the controlling is based on the obtained sub-meniscus
speed.
[0018] According to one embodiment the gas is argon
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gas.
[0019] There is according to a second aspect of the
present disclosure provided a stirring system for a metal-
making process, comprising: an electromagnetic stirrer
configured to be arranged around a submerged entry
nozzle, SEN, of a tundish provided with a stopper rod to
control throughput of the tundish, and a control system
configured to control the electromagnetic stirrer to oper-
ate only when a gas flow rate through the stopper rod is
in a first range of 1.5 NL/min to 20 NL/min.
[0020] According to one embodiment the first range is
2 NL/min to 15 NL/min.
[0021] According to one embodiment, in addition to the
gas flow through the stopper rod being in the first range,
the control system is configured to control the electro-
magnetic stirrer to operate only when the casting
throughput is at least 1.5 ton/min.
[0022] According to one embodiment the control sys-
tem is configured to control the electromagnetic stirrer to
operate only when the casting throughput is at least 1.8
ton/min.
[0023] According to one embodiment the control sys-
tem is configured to control the electromagnetic stirrer to
provide a controlled sub-meniscus speed of molten metal
in a mould in a second range of 0.20 m/s to 0.50 m/s.
[0024] According to one embodiment the second
range is 0.25 m/s to 0.45 m/s.
[0025] One embodiment comprises power source con-
figured to power the electromagnetic stirrer, wherein the
control system is configured to control the power source
to thereby control the electromagnetic stirrer.
[0026] One embodiment comprises a sensor config-
ured to measure a sub-meniscus speed of molten metal
in a mould into which the SEN is configured to be lowered,
wherein the control system is configured to control the
power source based on a sub-meniscus speed measured
by the sensor.
[0027] According to one embodiment the sensor com-
prises a ceramic rod configured to be immersed in molten
metal, the sensor being configured to measure a torque
on the ceramic rod, wherein the control system is con-
figured to control the power source based on the torque.
[0028] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, etc. are to be interpreted openly as referring
to at least one instance of the element, apparatus, com-
ponent, means, etc., unless explicitly stated otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The specific embodiments of the inventive con-
cept will now be described, by way of example, with ref-
erence to the accompanying drawings, in which:

Fig. 1 schematically shows a block diagram of a con-
trol system;

Fig. 2 schematically shows an assembly for metal-
making including the control system in Fig. 1; and

Fig. 3 shows a flowchart of a method of controlling
an electromagnetic stirrer by means of the control
system in Fig. 1.

DETAILED DESCRIPTION

[0030] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which exemplifying embodiments are
shown. The inventive concept may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather,
these embodiments are provided by way of example so
that this disclosure will be thorough and complete, and
will fully convey the scope of the inventive concept to
those skilled in the art. Like numbers refer to like elements
throughout the description.
[0031] The present disclosure relates to a method of
controlling an electromagnetic stirrer by means of a con-
trol system. The method is for use in a metal-making
process, typically a continuous casting process, for ex-
ample a steel-making process, an aluminium-making
process, a lead-making process or a metal-alloy making
process. The method may be configured to be used with
a billet caster, a bloom caster or a slab caster.
[0032] The electromagnetic stirrer is of a type that is
configured to be arranged around a submerged entry
nozzle (SEN) of a tundish. The electromagnetic stirrer is
hence configured to provide stirring of molten metal flow-
ing through the SEN. The electromagnetic stirrer is thus
of a type which extends circumferentially around the
SEN.
[0033] The tundish comprises the SEN and a stopper
rod, which has an axial channel through which a gas is
able to flow to control the casting throughput of the
tundish. The gas is typically argon gas.
[0034] The method involves controlling the electro-
magnetic stirrer by means of the control system so that
the electromagnetic stirrer is only in operation when the
gas flow rate through the stopper rod is in a first range
of 1.5 NL/min to 20 NL/min. The first range may for ex-
ample be 2 NL/min to 15 NL/min. To this end, the control
system is configured to control the electromagnetic stirrer
so that it generates a rotating magnetic field in the molten
metal flowing through the SEN only when the gas flow
rate through the stopper rod is in the first range.
[0035] With reference to Fig. 1, an example of a control
system configured to control an electromagnetic stirrer
will now be described. The exemplified control system 1
comprises processing circuitry 3 and a storage medium
5 comprising computer-executable components which
when executed by the processing circuitry 3 causes the
control system 1 to perform the method as disclosed
herein.
[0036] The processing circuitry 3 uses any combina-
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tion of one or more of a suitable central processing unit
(CPU), multiprocessor, microcontroller, digital signal
processor (DSP), application specific integrated circuit
(ASIC), field programmable gate arrays (FPGA) etc., ca-
pable of executing any herein disclosed operations con-
cerning the control of an electromagnetic stirrer.
[0037] The storage medium 5 may for example be em-
bodied as a memory, such as a random access memory
(RAM), a read-only memory (ROM), an erasable pro-
grammable read-only memory (EPROM), or an electri-
cally erasable programmable read-only memory (EEP-
ROM) and more particularly as a non-volatile storage me-
dium of a device in an external memory such as a USB
(Universal Serial Bus) memory or a Flash memory, such
as a compact Flash memory.
[0038] Fig. 2 shows an example of an environment in
which the control system 1 operates when controlling an
electromagnetic stirrer. Assembly 7 is used in a metal-
making process and comprises a tundish 9, which is a
metallurgical vessel provided with a bottom tapping hole,
an SEN 11 configured to provide tapping of molten metal
from the tundish 9, in particular via the bottom tapping
hole, and a stopper rod 15. The SEN 11 may be mono-
lithic or non-monolithic.
[0039] The assembly 7 also includes a stirring system
comprising an electromagnetic stirrer 13 configured to
be mounted around the SEN 11 and the control system
1. The stirring system also includes a power source 17
which is configured to power the electromagnetic stirrer
13. The power source 17 may for example be a power
converter, such as an AC/AC converter or a DC/AC con-
verter. The control system 1 is configured to control the
power source 17 to thereby control the electromagnetic
stirrer 13. In this manner, the rotating magnetic field ap-
plied to the SEN 11 may be controlled. The electromag-
netic force that rotates the molten metal flowing through
the SEN 11 may hence be controlled.
[0040] The electromagnetic stirrer 13 may be config-
ured to be fixedly mounted relative to the tundish and
relative to the SEN or it may be movably mounted relative
to the SEN. In the former case, the electromagnetic stirrer
is configured to be mounted immovably relative to the
tundish and the SEN. In particular, the electromagnetic
stirrer is in this case configured to be mounted to a fixed
structure, which is fixed relative to the tundish and relative
to the SEN. This fixed structure may for example be the
tundish itself, for example the tundish bottom, an SEN-
cutting device mounted to the tundish bottom, or a locking
device, typically configured to attach and lock two longi-
tudinally extending nozzle parts of an SEN together.
[0041] The electromagnetic stirrer 13 may be a closed-
type electromagnetic stirrer, in the sense that it has no
moving parts in the portion surrounding the SEN 11. The
electromagnetic stirrer 13 may have a closed and integral
SEN-enclosing portion, or annular end portion configured
to surround the SEN 11. According to this example, the
electromagnetic stirrer 13 is non-openable. The annular
end portion is thus integrated, although it should be un-

derstood that the annular end portion may comprise a
number of distinct components, such as a magnetic core
and coils wound around the core. The annular end portion
forms a channel configured to receive the SEN 11. This
channel may be said to be seamless in the circumferential
direction, along the inner circumference of the channel.
In case the electromagnetic stirrer 13 is of a closed type,
the electromagnetic stirrer 13 cannot during installation
be opened and placed around the SEN 11 from two sides
of the SEN 11, before closing. Instead, during installation,
the electromagnetic stirrer 13 is threaded over the SEN
11 in the axial direction thereof. The SEN-enclosing por-
tion provides a circumferentially closed and integral an-
nular passage through which the SEN is configured to
extend. The closed and integrated SEN-enclosing por-
tion has no moving parts, which prolongs the lifetime of
the electromagnetic stirrer. Compared to open-type elec-
tromagnetic stirrers, a higher magnetic field strength may
be obtained, and magnetic leakage may be reduced.
[0042] According to another variation, the electromag-
netic stirrer 13 may be openable. The electromagnetic
stirrer 13 may in this case have an SEN-enclosing portion
which is openable. The SEN-enclosing portion may for
example be hinged, or the electromagnetic stirrer 13 may
comprise two separable halves which may be placed
around the SEN 11, wherein the halves are assembled
with each other.
[0043] In use of the assembly 7, molten metal is tapped
into the tundish 9 from a ladle. The flow of molten metal
discharged from the tundish may be controlled through
the SEN 11, typically by means of the stopper rod 15.
The stopper rod 15 has a gas inlet and a gas outlet, con-
nected by means of a channel 15a extending in the lon-
gitudinal direction to enable a gas to flow from the gas
inlet through the stopper rod 15 to the gas outlet, and
into the SEN 11 which is arranged aligned with but down-
stream of the stopper rod 15. The flow of molten metal
may thus be controlled in the SEN 11 to avoid nozzle
clogging. The stopper rod 15 is additionally configured
to be moved vertically up and down to regulate the flow-
rate of the molten metal flowing from the tundish 9 to the
mould 19 via the SEN 11.
[0044] Below the tundish 9 there is provided a mould
19 into which the SEN 11 extends and from which molten
metal is discharged into the mould 19. The molten metal
is partially solidified in the mould 19. The partially solid-
ified metal is then moved by gravity from the mould 19,
normally through an arrangement of rollers for shaping
and for cooling. In this manner, billets, blooms or slabs
may be obtained.
[0045] Referring to Fig. 3, the operation of the control
system 1 will now be described. In a step S1 the electro-
magnetic stirrer 13 is controlled to operate only when the
gas flow rate through the stopper rod 15 is in a first range
of 1.5 NL/min to 20 NL/min, the first range preferably
being between 2 NL/min and 15 NL/min. As noted above,
this control is provided by the control system 1.
[0046] During casting, the gas flow rate is beneficially
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controlled to be higher than 1.5 NL/min, preferably at
least 2 NL/min in order to obtain an improved mould flow
due to the provision of electromagnetic stirring in the
SEN. The gas flow rate is beneficially controlled to be
lower than 20 NL/min, preferably not higher than 15
NL/min. A higher gas flow rate than 20 NL/min in combi-
nation with electromagnetic stirring in the SEN may gen-
erate a gas plug in the SEN, which could be harmful for
the flow in the mould and for the product quality. The gas
flow rate may be controlled by means of the control sys-
tem 1 or by another controller dedicated to control the
gas flow rate through the stopper rod 15.
[0047] The control system 1 may be configured to ob-
tain a gas flow rate of the gas flowing through the stopper
rod before step S1. The gas flow rate may for example
be obtained from measurements by one or more gas flow
rate sensor(s) and/or by means of estimation. The step
S1 of controlling is then based on the obtained gas flow
rate.
[0048] Moreover, step S1 may involve an additional
constraint, namely that of a minimum casting throughput
of 1.5 ton/min, preferably 1.8 ton/min. Hereto, the control
system 1 may be configured to control the electromag-
netic stirrer 13 to operate only when the gas flow rate
through the stopper rod 15 is in the first range and when
the casting throughput is at least 1.5 ton/min, preferably
at least 1.8 ton/min.
[0049] Applying electromagnetic stirring on the SEN
11 with throughput less than 1.8 ton/min can promote
coalescence of the gas bubbles and generate a gas plug
in the SEN 11 which could be harmful for the flow in the
mould and for the product quality.
[0050] According to one example, step S1 of control-
ling the electromagnetic stirrer 13 may involve providing
a controlled sub-meniscus speed of molten metal in a
mould in a second range of 0.20 m/s to 0.50 m/s, the
second range preferably being between 0.25 m/s and
0.45 m/s. In particular, the control target of the electro-
magnetic stirrer 13 may be to reach a double roll metal
flow pattern in the mould and a controlled sub-meniscus
speed in the second range. Hereto, the control system 1
may be configured to control the electromagnetic stirrer
13, by means of the power source 17 to reach this control
target.
[0051] The stirring system may also include a sensor
21. The sensor 21 is configured to provide online meas-
urements of casting parameters, typically of a sub-me-
niscus speed or velocity. The sensor 21 may be config-
ured to measure a sub-meniscus speed of molten metal
in the mould 19. The control system 1 may be configured
to control the power source 17, and thus the electromag-
netic stirrer 13, based on the sub-meniscus speed meas-
ured by the sensor 21 to attain a desired setpoint value
of the sub-meniscus speed.
[0052] The sensor 21 may for example include a ce-
ramic rod configured to be submerged in molten metal
in the mould 19. The sensor 21 may be configured to
measure the torque applied to the ceramic rod. The

torque provides a measure of the sub-meniscus speed.
The control system 1 may be configured to evaluate a
torque measured by the sensor 21 and to convert it to a
sub-meniscus speed. The control system 1 may be con-
figured to control the power source 17 based on the sub-
meniscus speed obtained.
[0053] As an alternative to the above-described torque
measurement, the wave height of the meniscus may be
measured, and the control system 1 may be configured
to evaluate the wave height to obtain an estimate of the
sub-meniscus speed.
[0054] As yet another alternative, the metal throughput
may be measured online, or the metal throughput and
the argon gas flow through the stopper rod 6 may be
measured or estimated and used as basis for controlling
the electromagnetic stirrer 13 by means of the control
system 1.
[0055] According to one example, the control system
1 is configured to control the power source 17 so that the
electromagnetic stirrer 7 provides a rotating magnetic
field which generates an electromagnetic force in the
molten metal which rotates the molten metal at least one
turn, typically more than one turn, as it flows from one
end of the SEN 11 to the other end of the SEN 11, in the
longitudinal direction of the SEN 11.
[0056] The inventive concept has mainly been de-
scribed above with reference to a few examples. How-
ever, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above
are equally possible within the scope of the inventive con-
cept, as defined by the appended claims.

Claims

1. A method of controlling an electromagnetic stirrer
(13) arranged around a submerged entry nozzle
(11), SEN, of a tundish (9) provided with a stopper
rod (15) to control throughput of the tundish (9), the
SEN (11) being configured to provide tapping of mol-
ten metal from the tundish (9) and the electromag-
netic stirrer (13) being configured to generate a ro-
tating magnetic field in the SEN (11), wherein the
method comprises:

controlling (S1) the electromagnetic stirrer (13)
to operate only when a gas flow rate through the
stopper rod (15) is in a first range of 1.5 NL/min
to 20 NL/min.

2. The method as claimed in claim 1, wherein the first
range is 2 NL/min to 15 NL/min.

3. The method as claimed in claim 1 or 2, wherein in
addition to the gas flow through the stopper rod (15)
being in the first range, the controlling (S1) involves
controlling the electromagnetic stirrer (13) to operate
only when the casting throughput is at least 1.5
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ton/min.

4. The method as claimed in claim 3, wherein the con-
trolling involves controlling the electromagnetic stir-
rer (13) to operate only when the casting throughput
is at least 1.8 ton/min.

5. The method as claimed in any of the preceding
claims, comprising, prior to the step of controlling
(S1), obtaining a gas flow rate through the stopper
rod (13), wherein the controlling (S1) is based on the
obtained gas flow rate.

6. The method as claimed in any of the preceding
claims, wherein the controlling (S1) of the electro-
magnetic stirrer (13) involves providing a controlled
sub-meniscus speed of molten metal in a mould (19)
in a second range of 0.20 m/s to 0.50 m/s.

7. The method as claimed in claim 5, wherein the sec-
ond range is 0.25 m/s to 0.45 m/s.

8. The method as claimed in claim 6 or 7, comprising
obtaining a sub-meniscus speed of molten metal in
the mould (19), wherein the controlling (S1) is based
on the obtained sub-meniscus speed.

9. The method as claimed in any of the preceding
claims, wherein the gas is argon gas.

10. A stirring system for a metal-making process, com-
prising:

an electromagnetic stirrer (13) configured to be
arranged around a submerged entry nozzle
(11), SEN, of a tundish (9) provided with a stop-
per rod (15) to control throughput of the tundish
(9), and
a control system (1) configured to control the
electromagnetic stirrer to operate only when a
gas flow rate through the stopper rod (15) is in
a first range of 1.5 NL/min to 20 NL/min.

11. The stirring system as claimed in 10, wherein the
first range is 2 NL/min to 15 NL/min.

12. The stirring system as claimed in claim 10 or 11,
wherein in addition to the gas flow through the stop-
per rod (15) being in the first range, the control sys-
tem (1) is configured to control the electromagnetic
stirrer (13) to operate only when the casting through-
put is at least 1.5 ton/min.

13. The stirring system as claimed in claim 12, wherein
the control system (1) is configured to control the
electromagnetic stirrer (13) to operate only when the
casting throughput is at least 1.8 ton/min.

14. The stirring system as claimed in any of claims 10-13,
wherein the control system (1) is configured to con-
trol the electromagnetic stirrer (13) to provide a con-
trolled sub-meniscus speed of molten metal in a
mould (19) in a second range of 0.20 m/s to 0.50 m/s.

15. The stirring system as claimed in claim 14, wherein
the second range is 0.25 m/s to 0.45 m/s.
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