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Eddy Current Analysis of Melting Metal
in Magnetic Levitation Device

Hajime TSUBOI, Motoo TANAKA, Fujio KOBAYASHI,
and Takayoshi MISAKI

ABSTRACT

Cold crucible is a levitation melting device, and it is a useful device for melting
metal without contamination because the molten metal is levitated by electromag-
netic force in the crucible. In this paper, three-dimensional eddy current distributions
in cold crucibles are analyzed by using an integro-differential method. In order to
reduce computer resources for the analysis of eddy current distribution of the cold
crucibles, the authors employed a current sheet approximation for eddy current
distribution because penetration depth of the eddy current is relatively small in
comparison with the dimension of the conducting bodies. The eddy current distribu-
tions approximated by current sheets are solved by an integro-differential method
using an electric vector potential. Furthermore, magnetic flux deﬁsity, power loss,
Lorentz force and levitation force of the molten metals are obtained from the solved
eddy current distribution. In this paper, eddy current distributions and power loss
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distributions are investigated.
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Fig. 1. Cold crucibke model
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Fig. 2. Triangular mesh of the cold crucible model, (a) whole model, (c) molten metal approximated by

a sphere, (d) a segment of the crucible.
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Fig. 3.

Distributions of the potential, eddy cur-
rent density and magnetic flux density of
the cold crucible model, (a) equi-poten-
tial lines of real part of the electric
vector potential, (b) eddy current density

vectors, (c) magnetic flux density

vectors.
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Distributions of the potential and the
power loss of the molten metal approx-
imated by the sphere, (a) real part of the
equipotential lines, (b) imaginary part, (c)
power loss. :
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Fig. 5. - Distributions of the potential and the power loss of the crucible, (a) real part of the equipotential
lines loaded with molten metal, (b) imaginary part, (c) power loss without molten metal, (d)real
part of equipotential lines without molten metal, (e) imaginary part, (f) power loss without mol-

ten metal.
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Fig. 6. Experimental model, (a) overview, (b)
high temperature region.
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Fig. 7. Melting metal.
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