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Direct Induction Skull Melting of Electrical Conducting Materials
Using Crucible with Insulating Coat and Its Heat Conduction Analy51s

Tomio Takasu, Kensuke Sassa and Shigeo Asal

Synopsis : A direct induction skull melting process, in wihch a water-cooled induction coil is directly used as a crucible, enjoys an
advantage of non-contamination from the crucible together with high energy efficiency. The applications of this
process, however, are limited to the materials with electrical insulating property in solid state. The aim of this study
is to extend the applicable materials of the process and to melt and hold the materials with electrical conducting
property in solid state such as metals and semiconductors by coating a insulating film on the coil surface. In order to
clarify a theoretical base of the process, electric and magnetic fields and a temperature one are simultaneously analyzed

by taking account of the differences of electrical and thermal conductivities in solid and liquid states.

Experiments

demonstrate the feasibility of the process for a stainless steel and a silicon which indicate the electrical conducting
property in solid state and clarify the validity of the theoretical results. It is found that the conditions of the smaller
thermal conductivity, the higher heat transfer coefficient and the lower magnetic frequency, can provide the wider

range of the magnetic field to form the stable skull.

Key words : direct induction skull melting ; electromagnetic processing of materials ; heating ; induction heating ; modelling ; non-

contamination melting ; skull melting.
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Fig. 1. Schematic view of the experimental appara-
tus and the coordinate for a theoretical
model.

Table 1. Experimental conditions.

Case charge mass(kg) oo(S/m)  o(S/m) MV/mK) L0W/mK) f(kHz) Hy(A/m) coil No.

I Al 1.6 1.4x107 4.1x10° 238 94 3 15x10° 1
I Sn 3.0 4.3x10° 2.1x10° 60 30 3 75x10* 1
m SUS304 0.73 9.5x10° 7.2x10° 30 30 3 2.0x10° 2
v Si 0.21 1.6x10* 1.3x10° 16 84 450 2.2x10* 3
v Si 0.21 1.6x10* 1.3x10® 16 84 450 3.5x10* 3
Coil| No. 1 2 3

Height (mm) 1501120 | 55

Tnner diameter (mm) | 100 | 40| 50
QOuter diameter(mm) | 104 [ 52| 62
Turn number 5/ 91 5
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Table 2. Experimental results.

Case hy, (mm) skult skull Q.(kW) @, (kW)
height (mm) thickness(mm)
1 (Al 100 0 — 9.4 3.3
11 (Sn) 20 18 0.6 3.0 0.14
T (SUS304) — 60 3 8.7 11
v (Si) — 29 5 4.8 0.4
v (Si) — 42 1~3 7.9 0.6
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Fig. 2. Radial distributions of calculated process
variables. (a)Heat flux, ¢, and ¢s, at the
assumed solid/liquid interface and tempera-
ture, 7. (b)Magnetic field, H,, and heat
generation rate per unit volume, s.
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Fig. 3. The effects of magnetic field, H,, on the
melt radius, a, and the heat flux at the
surface of the charge, gs(as), for the case of
Si.
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Table 3. The dimensionless magnetic allowed range

calculated by use of the different properties
in solid and liquid layers, W,, and the all-

owed range calculated by use of the same
properties, W;, to keep a stable skull.

Case 1 (Al II (Sn) I (SUS304) W, V (Si)
Wi (=) 4.1x107¢ 5.4x10~* 9.0x10-2 9.1x107*
Ws(—) 2.2x1072 9.2x102 1.3x107! 3.6x1072
0 T
------ solid
___________________ — liquid
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B — FTN
s :
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SUS304 Si'SnAl  Si

log(@) (-)

Fig. 4. The effect of dimensionless radius, & =+v2as/
d, on the dimensionless factors, ¥/, relat-
ing to heat generation rate in a charge.
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Table 4. Calculated values of the non-contacting
height, %,, and the superheat, AT.

Case I (AD 11 (Sn) m (SUS304) ™, vV (Si)
I (mm) 300 24 85 27
AT (K) 14 21 220 5.0
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T
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Fig. 5. The effects of dimensionless radius, a=
v2as/8, on the dimensionless factors, ay,
relating to heat generation rate and & relat-
ing to the superheat and the magnetic pres-
sure in a charge.
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Fig. 6. The effect of dimensionless radius, a =+v2as/

¢, on the dimensionless factor, ¢, relating to
the superheat in a charge.
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