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Excitation of Waves on a Molten Metal by an Intermittent Alternating Magnetic Field
Yasumasa Cuino, Yoshio Tovama, Kazuhiko Iwar and Shigeo Asar

Synopsis : A new process for wave generation on the free surface of a molten metal is proposed where an intermittent alternating

magnetic field with the stepwise change of amplitude is adopted to induce the time variation of magnetic pressure
generating a wave motion.

Based on a linear small-amplitude wave theory, a mathematical model has been developed, which describes the wave
motion as a function of operating variables such as intermittent frequency, amplitude of magnetic pressure and vessel
size. The function is indicated as combination of a free vibration determined by a vessel size and a forced vibration,
in which the amplitude of the latter is in proportion to the magnetic pressure difference at the maximum and the
minimum magnetic fields.

To confirm the validity of the mathematical model, an experiment with liquid gallium was performed. It was found
from FFT analysis of the wave motion measured by a laser level sensor that the frequencies of the wave motion are
composed of an intermittent frequency of the magnetic pressure and the intrinsic frequencies of a vessel. A resonance
phenomenon was observed when the intermittent frequency coincided with the intrinsic frequency. Except the
resonance case, the amplitude of the wave motion was in proportion to the amplitude of the magnetic pressure
difference. These observed results are well predicted by the mathematical model.

Key words : intermittent alternating magnetic field ; electromagnetic processing of materials ; wave generation on molten metal;
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Fig. 1. Wave patterns of intermittent magnetic field
and the induced electromagnetic force.
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Fig. 2. The system coordinate for analysis.
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Fig. 3. Schematic experimental apparatus.
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Fig. 4. Wave motions for various intermittent fre-
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Table. 1 The calculated intrinsic frequencies of the
vessel, fin(= wm/27) and the experimental
data for various modes(Hz).
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Fig. 6. Peak intensity at intermittent and intrinsic
frequencies.
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