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Three Dimensional Analysis of Magnetic Field around a Cold Crucible System by Using the Boundary Element Method

Kazuhiko Iwai, Kensuke Sassa and Shigeo Asal

Synopsis : Three dimensional magnetic field around a cold crucible system has been analysed by using the boundary element method
to get the basic information for designing a cold crucible system. From the computed magnetic field distribution, heat
generation rates in the charge, the crucible and the coil were calculated. The calculated magnetic field and heat generation
rates in the charge, the crucible and the coil showed good agreement with the observed ones. The axial and radial
components of magnetic field are dominant in comparison with the azimuthal component. The heat generation rate in the
charge increases with decreasing the gap between the charge and the crucible or with increasing the diameter of the charge,
under the same coil current. Energy efficiency can be improved by increasing the surface of the charge and decreasing the
surface of the crucible. The distribution of heat generation rate in the charge along the axis is sensitive to the arrangement

of the coil.

Key words: electromagnetic processing of materials ; electromagnetic metallurgy ; induction heating process ; cold crucible ; non-contact
melting ; boundary element method ; three dimensional analysis of magnetic field.
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Fig.1. Cold crucible system adopted for numerical calcu-

lation.
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Fig.2. Comparison of calculated and experimental mag-
netic flux density along the axis.
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Table 1. Comparison of heat generation rates in charge,
crucible and coil calculated by using B.E.M.
with experimental ones.

charge crucible coil total
Qear (KW) 1.22 7.66 2.65 1153
Qexp (kW) 1.18 7.39 4.85 13.42
Qcal/Qexp ( 7) 1.03 1.04 0.55 0.86

Fig.3. Spatial distribution of magnetic flux density over
the cross-section at slit.
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Fig.4. Distributions of the axial component of magnetic
flux density in the vicinity of inner surface of the
cold crucible.

Table 2. Comparison of heat generation rates in charge,
crucible and coil in the cases with and without
charge and/or crucible.

charge crucible coil total
without crucible
Qcar (kW) 0.84 1.56 2.40
without charge
Qear (kW) 6.50 2.42 8.92
with crucible and charge
Qcar (kW) 1.22 7.66 2.65 11.53
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Fig.5. Effect of charge diameter on heat generation
rates in crucible, coil and charge and their
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Fig.6. Effect of charge diameter on heat generation
rates per unit volume in crucible and charge.
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Fig.7. Effect of inner diameter of crucible on heat
generation rates in crucible, coil and charge and
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Fig.9. Effect of the diameters of charge and crucible on
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Fig.11. Effect of coil configuration on heat generation
rate per unit length in charge.

Table 3. Effect of coil configuration on heat generation
rates in charge, crucible and coil.

charge crucible coil total
tops of the coil and the crucible
at the same level
rate (kW) 1.22 7.66 2.65 11.53
ratio(—) 0.106 0.664 0.230 1.00
top of the coil 20mm lower than
that of the crucible
rate (kW) 1.07 6.99 2.56 10.62
ratio (—) 0.100 0.659 0.241 1.00
rough winding of the coil
rate (kW) . 1.00 5.67 2.21 8.88
ratio(—) 0.112 0.639 0.249 1.00
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