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Deformation and fluctuation behavior of meniscus with
alternating magnetic field in mold
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Abstract: Simulating molten steel using Sn-32%Pb-52%Bi low-melting-point alloy, the metal free surface fluctuation
and deformation behavior with alternating magnetic field was investigated. The results show that the meniscus becomes
camber due to alternating electromagnetic field, and the free surface is keeping fluctuating. There are two recirculation
flow zones near the triple-phase point where the up flow is encountered with the down flow, which enhances the
fluctuation of the free surface in the vicinity of triple-phase point and tends to cause slag entrapment. On the whole free
surface, the fluctuation in the vicinity of triple-phase point is the most violent. With increasing coil current intensity, the
meniscus distortion is enlarged, and the fluctuation of the free surface is aggravated. When the magnetic flux density on
the outer surface of the molten bath is about 50 mT, the fluctuation amplitude of free surface is about +3mm. The coil
current intensity should be controlled in a reasonable range. With increasing frequency, the effect of electromagnetic
force on the free surface fluctuation reduces. Within a proper frequency range, with increasing magnetic field frequency,
it tends to increase the meniscus height and decrease the fluctuation of free surface. While the initial metal level is located
at the center height of the coil, the meniscus deformation is larger and the metal free surface fluctuation is also more
violent. In order to save energy, the metal level should be located at the center of the coil height. The fluctuation behavior
clearly interprets the change law of billet surface oscillation marks with coil current intensity in the electromagnetic
soft-contact continuous casting process.
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Fig.1 Schematic diagram of experimental apparatus
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Table 1 Physical properties of alloy and molten steel
. Electric . .
. Density/ . Melting  Relative
“ ” Material Z. conductivity/ . .
) (kgm ™) I point/  permeability
Sn-32%Pb-52%Bi (Sm )
-32%Pb-
Sn 30A>.b 9500 1.11><10° 94 1
1 5 66 52%Bi
cepyss Molten steel 7020  0.7><10° 1500 1
mm 46 mm 0
F
5X10° N/m
(b)
2 (I=700 A =20 kHz)

Fig.2 Distributions of magnetic field (a), magnetic force (b) and steel flow (c¢) of molten steel
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Fig.4 Fluctuation behaviors on meniscus (f=23.3 kHz)
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Fig.3 Deformation of meniscus (f=34 kHz, 1=530 A) Fig.5 Magnetic flux density at different current intensities
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Fig.6 Meniscus heights at different current intensities
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Fig.7 Free surface fluctuations of center point at different

current intensities
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Fig.8 Effects of frequency on magnetic flux density and

meniscus height: (a) Magnetic flux density; (b) Meniscus

height
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Fig.9 Fluctuations of free surfaces at different frequencies
11 (1=530 A): (a) Center; (b) Half position of radius;
11 (c) Triple-phase point
10

Fig.10 Photos of meniscuses at different metal levels (I=656 A): (a) Bottom of coil; (b) 1/4 coil height; (c) Center of coil height;
(d) 3/4 coil height; (e) Top of coil
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Fig.11 Free surface fluctuations at different metal levels (I=

656 A): (a) Bottom of coil; (b) 1/4 coil height; (c) Center of coil
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