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Damping Behavior of Disturbance on Liquid Metal Surface Submerged in an Intermittent Alternating Magnetic Field
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In several material processes, stability of the free surface of a molten metal is important for producing high quality materials. The imposition
of magnetic field on a molten metal was introduced as a efficacious mean controlling the free surface of a molten metal. Several investigators
have verified that static and high frequency magnetic fields enable the suppression of the disturbance given on the free surface of a molten
metal. However, it is not clear whether an intermittent alternating magnetic field has the suppression function as well as the static and high
frequency magnetic fields.

In this work, the possibility of the suppression of the disturbance on free surface through the periodical wave motion excited by the inter-
mittent alternating magnetic field has been explored in an experiment. The surface behavior of the molten gallium disturbed by the impact of
a steel ball has been observed under the continuous or the intermittent alternating magnetic field. It has been found that the damping period
of the disturbance under the imposition of the intermittent alternating magnetic field is shorter than those under the continuous alternating
magnetic field and no magnetic field.
electromagnetic field; intermittent alternating magnetic field; disturbance; damping period; electromagnetic processing of materials; materi-

als processing.
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Fig. 1. Wave patterns of intermittent magnetic field (a) and
induced electromagnetic force (b).
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Fig. 2. Schematic diagram of experimental apparatus.
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Fig. 3. Surface wave motion disturbed by the impact of a
ball under the condition without magnetic field (a)
and its spectrum (b).

Table 1. Calculated values of resonance frequency in the

experiment.
d 0 1 2
m
1 6.43Hz 4.46Hz 5.74Hz
2 8.70Hz 7.59Hz 8.51Hz
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Fig. 4. Damping behavior of the disturbance under the im-
position of the continuous alternating magnetic
field with B=0.011T (a) and B=0.023 T (b).
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Fig. 5. Effect of intensity of continuous alternating mag-
netic field on damping period, ¢,.
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Fig. 6. Surface wave motion excited by an intermittent al-
ternating magnetic field (a) and its spectrum (b).
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Fig. 7. The surface motion disturbed by the impact of a
ball under the imposition of the intermittent alter-
nating magnetic field (a) and its spectrum (b).
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Fig. 8. The measured surface wave(thin solid line) excited
by an intermittent alternating magnetic field and
the wave(thick solid line) obtained by eliminating
the periodical motion from the thin solid line.
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Fig. 9. The comparison of the damping behavior among
the cases without magnetic field, with continuous
alternating magnetic field at 3=0.011T and with
intermittent alternating magnetic field at f;=5 Hz,
B,.=0011T.
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Fig. 10. The comparison of the damping pertod among the
cases without magnetic field, with continuous al-
ternating magnetic field and with intermittent al-
ternating magnetic field at ;=5 Hz , D=0.5.
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Fig. 11. Damping period under the imposition of the inter-
mittent alternating magnetic field with different
intermittent frequency.
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