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Hybrid Control of Surface Behavior on Molten Metal by Mold Oscillation
and Intermittent Alternating Magnetic Field
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Synopsis

Key words :

: In a continuous casting of steel, the surface quality of a slab is strongly influenced by mold oscillation. Recently, a new idea in which the im-

position of an intermittent alternating magnetic field was synchronized with the mold oscillation has been proposed for the improvement of
surface quality under a concept of “soft contacting solidification”. The concept is based on the information that the reduction of the contact
pressure between a mold and a melt under the imposition of an alternating magnetic field results in good surface quality. However, the most
suitable timing for the imposition of the magnetic field in a mold oscillation cycle still has not been determined. To clarify the behavior of the
surface wave motion, which is closely related to the contact pressure between a mold and a melt, we have conducted a model experiment on
the free surface motion of a molten gallium excited by the synchronous imposition of the intermittent alternating magnetic field and the sim-
ulated mold oscillation. The phase difference between the mold oscillation and the magnetic field has been studied from the viewpoint of the
suppression of the surface motion. It has been found that the wave shape excited by the synchronous imposition agrees with the numerical
superposition of the two wave shapes excited independently by the magnetic field and the mold oscillation, except for the case where a small
surface excitation is observed.

steelmaking; continuous casting; electromagnetic processing of materials; intermittent alternating magnetic field; soft contacting solidifica-
tion; surface quality of cast metal; free surface control.
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Fig. 1. Schematic view of the experimental apparatus.

Table 1. Experimental conditions for imposition of inter-
mittent alternating magnetic field.

Carrier frequency : f 30kHz
Intermittent frequency : f; 4,7,9Hz
Maximum effective value of magnetic field: B,,,, | 0.013T~0.023T
Minimum effective value of magnetic field: B,,;, | 0.009T
Time ratio of B,,,, to intermittent period : D i 0.5

Table 2. The calculated natural frequencies in the experi-
mental system (Hz).

P 1 2 3 4 5
1 | 643 [446 [574 | 673|758 | 832

8.70 | 7.59 | 8.51 | 9.30 | 100 | 10.7

3 | 105|960 104 | 111 [117 [ 123
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Fig. 2. Surface motions at =17 mm excited by mold os-
cillation.
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Fig. 3. Surface motions at =17 mm excited by intermit-
tent alternating magnetic fields different in an in-
termittent frequency.
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Fig. 4. Comparison of the amplitude of a surface wave at
r=17 mm excited by the magnetic field in different
values and mold oscillation.
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Fig. 5. Phase difference of magnetic field compared with
mold oscillation.
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Fig. 6. Measured surface motions excited by the magnetic
field and mold oscillation at f,=4 Hz.
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Fig. 7. Measured surface motions excited by the magnetic
field and mold oscillation at ;=7 Hz.
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Fig. 8. Measured surface motions excited by the magnetic
field and mold oscillation at f,=9 Hz.
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Fig. 9. Effect of phase difference on amplitude of surface
waves.
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