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Numerical Model of Electromagnetic Stirring for
Continuous Casting Billets

Leonardo B. Trindade, Antbnio C. F. Vilela, Aly F. F. Filho, Marco T. M. B. Vilhena, and Rodrigo B. Soares

Abstract—This paperintroduces anumerical model of an electro-
magnetic rotary stirrer based on the finite-element model. Such stir-
rers are used to improve the quality of continuously cast steel, par-
ticularly billets and blooms. The method determines the magnetic
flux density profile and compares it to experimental measurements.
In addition, it calculates the Lorentz force field as a function of the
stirrer position, the current applied, and the frequency. The stirrer
position at the end of the mold affects the profile symmetry of the
force, creating az component of the force. With this model, it will be
possible to simulate the fluid dynamics effects in the molten steel.

Index Terms—Continuous casting, electromagnetic stirring,
finite-element model.

I. INTRODUCTION i ‘ o
Fig. 1. Model geometry and the finite-element mesh.

LECTROMAGNETIC stirring has been used in contin-
uous casting plants for a long time. It has been applied. .
both to slabs and billets but with different stirring principles. H'S field _and the currents gl_ves_the Lorentz fo_rces_. The Lorentz
good review can be found in the work of Tzavaras and Bro rees will cregtg steel motion in the same direction of the ro-
[1] and Birat and Choné [2]. tating magnetic field.

There are few papers about numerical models of stirrers forThere are many types of arrangement of coils and core geom-

billets [3][8], and most of them do not show the details of thelry that create rotating fields. Most of them use the iron core

device. Very little is known about the magnetic flux density disV-V'.th six coils around §al|ent_|ror_1 pqles [10], [11]. The model of
tribution and the Lorentz force distribution in the billet cast, 1S WOrk uses a toroidal coil winding.

The aim of this work is to build a model using the com-
mercial package OPERA-3d/ELEKTRA that is based on the
finite-element method. Experimental measurements of the magThe billet mold and the electromagnetic stirrer are repre-
netic flux density were carried out to validate the model. Thgented in Fig. 1. The model contains about 120000 elements.
Lorentz force vector distribution was obtained in the strand caste air around the stirrer was omitted to show the details of the
These parameters were obtained for different values of curregigyice. One can notice the iron core, the coils, the mold, and
frequency, and the stirrer position in the mold. The effect of ttibe steel billet. The mold curvature was not considered in this
mold temperature on the electric conductivity is also analyzethodel because the magnetic field distribution has not changed

much. The same does not happen with the fluid flow where the
Il. ELECTROMAGNETIC STIRRING curvature has a significant effect on the flow profile and the

Electromagnetic stirring is based on the induction motor priHjCIUSIonS distribution. N
ciple where the steel is put in the place of the rotor. In general The ELEKTRA pac"?‘ge uses a co_mblnatlon of vector and
the motion induced in the billets is rotary. The system is fed bysgqlar_ magnenc_ poientials to model tlme—yarylng electfomag—
three-phase power source to produce a rotating magnetic fi gtc fields. In this model, the vector pote.ntlgl was “S‘?d In con-
This rotating magnetic field induces currents in the steel d éJCtmg megl@, the r_educed scalar potential in alr_medla, andthe
to the conductive property of the metal. The product betwe %tal_potenual in the iron core media. The ma_gnfatlc andthe e,Iec-

ric fields are related by the low-frequency limit of Maxwell’'s
equations [9]
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TABLE | -
SIMULATION DATA
500 <ty
Mdd size 0.15x015m B 50 /’/ “\~
Mdd length 08m 2 s "N\
Total length simulated 13m 4 e
EMS position from the top of mdd 06m Eam / = N \
EMS core length 02m & 20 / an e \
EMS inner diameter 03m 10 e S
Mimber of phases 3 o Fewae i : : : __—u
Current amplitude per phase 1704, 3404 1 12 14 16 18 2 22
Frecuencies 3,4,5 6He Z-direction (my
Cepper meld cendudivity (T=25°C) 47x10° (Chm.m)* [+ 3408 exp = 1704 exp — 3904 cale — 1708 cdd)
et (T 7 -1
chﬁ; ?eoildcfﬁc?;t;y (I=150C) 2 }ixxigs Emﬁil Fig. 2. Magnetic flux density profile along the mold.
Iron core relative permeability 1000 800
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strength, and is the current density. The electromagnetic force
density for each element is calculated by the relationship

Fije = J x B (5)

wheretimeis equal to © and 90 for real and imaginary parts,
respectively. The time-average Lorentz force density is given by

Fave: (F0+F90)/2 (6)
Boundary conditions are applied on the external surfaces % 3 4 8 B ¥

~
o
o

Bxpeak (Gauss)
m
(4]
o
>

of the external air. The position of these boundaries has been Erequency gte)
placed at a large distance from the billet and the iron core. The

tangential magnetic conditio@@¢/0n) = 0 was applied at the
edges of the air space surrounding the model, whei® the
normal unit vector to the surface ardis the reduced scalar

Fig. 3. Magnetic flux density peak versus frequency.

4000
potential. The three-phase coil excitation was applied. The g a———
design and operational are data together with the dimensions of 2 3500
the billet, and the electrical properties are given in Table I. & 3000 /
] /
IV. EXPERIMENTAL DATA E 2500
The experimental data were obtained with a Gauss meter and £ 2000

an oscilloscope to measure the frequency range between 3 and 5 4 5 E', 1‘0 12
6 Hz. The data were obtained each 5 cm along the vertical dis-
tance in the mold and in the middle point of the section. Twi
values of current were considered: 170 and 340 A.

Frequency (Hz)

lgg 4. Time-average Lorentz force profile along the mold.

V. RESULTS AND DISCUSSION . . .
Casting direction

Fig. 2 shows the magnetic flux density as a function of the or z-direction
vertical position in the billet mold for two values of current.
The numerical results match well with the experimental mea-
surements. The experimental data error is estimated to be in the
order of 15%.

Thez direction is shown in Fig. 1 and the starting point value
in the graph corresponds to the mold top, as we can see in the
figure to the left of the graph.

Fig. 3 shows the magnetic flux density peak as a function of
frequency. The values are in agreement with the measured data. :

Fig. 4 shows the time-average Lorentz force profile along t&. 5. Average Lorentz force vectors in Niralong the mold.
mold for the two values of current. We can note how the cur-
rent intensity affects the forces distribution. When the currefhe interesting nature of this peak can be analyzed through the
changes from 170 to 340 A, the force is multiplied by four. components. This peak is mainly due to theomponent of the

In this figure, we can note the “second peak” that appearsfatce, as we can see in Fig. 5.
the end of the copper mold. It occurs because the copper attenun Fig. 5, two planes along the mold are presented. The firstis
ates the magnetic field, creating a peak when the mold finish&scated in the center of the stirrer and the second at the end of the
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VI. CONCLUSION

The numerical model was considered satisfactory to represent
the electromagnetic stirrer effects. The numerical results are in
agreement with the experimental data.

The numerical model shows the relationship between the cur-
rent and the magnetic flux density and the force distribution. The
copper mold attenuation is observed as a function of frequency
and the torque. The temperature increase gives rise to a mag-

Z-direction (m)

netic field increase.
After the model validation has been completed, we can apply

Fig. 6. Relation between the maximum force density at the mold wall arme Lorentz force distribution in the molten steel.
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Fig. 7. Magnetic flux density variation with temperature.
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