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Improvement of Surface Quality of Continuously Cast Metals by Imposing Intermittent
High Frequency Magnetic Field and Synchronizing the Field with Mold Oscillation

Tingjn L1, Kensuke Sassa and Shigeo Asat

Synopsis : In order to improve the surface quality of continuously cast steel, two new casting processes are developed. One is the
imposition of an intermittent high frequency magnetic field from the outside of a mold and the other is a synchronizing
imposition of the intermittent high frequency magnetic field with mold oscillation are developed. To distinguish the
characteristics of the processes, the meniscus dynamic behavior was investigated in molten gallium as simulator of

molten steel and the meniscus deformation was numerically analyzed. The surface quality was examined in the cast
tin used as simulator of steel. The imposition of the high frequency magnetic field reduces the effect of mold oscillation
on dynamic pressure in a flux channel between molten metal and a mold and suppresses the deformation on meniscus

shape.

The intermittent high frequency magnetic field suppresses the surface wave motion generated by mold oscillation.
When the timing of the magnetic field imposition is synchronized with the period including the lowest position in the
stroke of mold oscillation, the better surface quality is obtained than that synchronized with the period including the
highest position. The amount of electric current required to get the same surface quality decreases in the order of the
imposition of continuous high frequency magnetic field, the imposition of intermittent high frequency magnetic field

and the synchronizing imposition.

Key words : oscillation mark ; continuous casting ; surface quality of cast metal ; soft contacting solidification ; intermittent high
frequency magnetic field ; electromagnetic pressure ; electromagnetic processing of materials ; steelmaking.
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Fig. 1. Wave pattern of intermittent high frequency
magnetic field and shape variation of melt.

Table 1. Experimental conditions.

45mm
80mm
100mm

4 turn, height
inner diameter
outer diameter
inner diameter 30mm
outer diameter 62mm
Ga (for measurement of
meniscus behavior)
Sn (for continuous casting)

coil

mold

molten metal

melt 308K (Ga)
temperature | 543K (Sn)
casting speed | 0 mmy/s (for measurement of

meniscus behavior)
2.3 mmy/s (for continuous

casting)
mold oscillation | stroke 6mm
frequency(fnae) 1Hz

mold flux | silicon oil
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Fig. 2. Effect of electric current on surface quality
of tin cast at fu,a=1Hz. [1: continuous
magnetic field, O : intermittent magnetic
field(fmt = 5HZ)
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Fig. 3. Meniscus behavior under (a) no magnetic
field, (b) continucus magnetic field and (c)
intermittent magnetic field at f,0s=1Hz.
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Fig. 4. Predicted pressure profiles in a flux channel
(a) and variation of the meniscus shapes (b)
without magnetic field at fmoc=1Hz.
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Fig. 5. Predicted pressure profiles in a flux channel
(a) and the meniscus shapes (b) with mag-
netic field at 0 =1Hz.
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Fig. 6. The meniscus shapes of molten gallium (a)
and the contacting state of melt and a mold
(b) during mold oscillation with and without
magnetic field.
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Fig. 10. Surface aspect of cast billets with syn-
chronizing a magnetic field imposition with
the period A or B under the conditions of
rs=309%, B=0.0097T, {,,,=5Hz.
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Fig. 11. Comparison of surface roughness of cast

tin in different modes of imposing mag-
netic field.
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