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Experimental Measurements and Theoretical Analysis of Induction Heating
by Use of a Conductive Crucible

Kensuke SASSA, Mamoru KuwABARA, Tadayoshi YASUDA and Shigeo ASAI

Synopsis :

In order to improve the energy efficiency of a segmented conductive crucible, experimental measuerments
and theoretical analysis have been conducted.

When the segments of the crucible are electrically shorted at the bottom, the magnetic filed intensity in
the crucible is decreased by decreasing the longitudinal distance between the coil and the short circuit part
of the crucible. When the segments of the crucible are insulated each other, the magnetic intensity is
scarcely influenced by changing the relative position of the coil and the crucible. The effect of crucible
length on magnetic field distribution is not clearly appeared in the both cases in which the segments of the
crucible are electrically shorted and insulated. These experimental results are explained by a mathemati-
cal model. A new induction heating process in which segments are not cooled unlike the cold crucible has
been proposed and named a hot crucible. From the measurments of heating rate of the charges under both
the cold crucible and the hot crucible conditions, the heating under the latter was found to be about 1.7~
2.5 times faster than that under the cold crucible condition.

Key words : electromagnetic processing of materials ; electromagnetic metallurgy ; induction heating process;

cold crucible ; non-contacting melting process.
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Table 1. Design of crucibles.

Crucible Number of Outer Inner * Length of short .
No. Type Length (mm) segment diameter (mm) diameter (mm) " circuit part (mm) Material
A-1 Sector 230 8 80 40 30 Cu
A-2 Tube 220 20 80 60 30 Cu
A-3 Tube 410 20 80 60 30 SUS 304
A-4 Tube 390 20 80 60 0 SUS 304

(a): sector type

(b): tube type

Schematic view of crucibles.
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Table 2. Experimental conditions.

Crucible Position of Current of Frequency

No. induction coil induction coil (A) (kHz)
Top 460 44 .4

A-1 Center 465 44 .4
Bottom 515 49.0

Top 460 38.7

A-2 Center ) 460 39.7
Bottom 460 42.5

Top 280 ’ 35.9

A-3 Center 280 36.0
Bottom 280 40.1

Top 280 35.9

A-4 Center 280 36.0
Bottom 280 36.1
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Fig. 2. Effects of coil position on magnetic field
distribution in the sector type crucible with elec-
trically shorted segments.
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Fig. 3. Effects of coil position on magnetic field
distribution in the tube type crucible with electri-

cally shorted segments.

coil
bosition bottom center top
E
crucible .
Cu ring top
T T ] ]
100 fishorted part
8o H/[
E f
L 60K
X A
& 400 A
20 VoA _]
A Po
0 80 120 200 280 360 440
height (mm)

observed data A:bottom,
crucible No.A-3 ;

O:center, [J:top
:calculated result

Fig. 4. Effects of coil position on magnetic field
distribution, in the tube type crucible with electri-
cally shorted segments. Solid lines indicate the
calculated results.
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Fig. 5. Effects of coil position on the maximum
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Fig. 6. Effects of frequency on the maximum
value of magnetic fields observed at the three
different coil positions by use of the sector type
crucible with electrically shorted segments.
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Fig. 7. Effects of coil position on magnetic field
distribution in the tube type crucible with elec-
trically insulated segments. Solid lines indicate
the calculated results.
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Table 3. Design of crucibles.
Crucibl . Number of Out I L h of sh "
rl‘:ﬁ)‘. ¢ Height (mm) suergmeern? diamel.:rer(‘mm) diamel::re? mm) ciri?x%tt p:rts lle: Material
B-1 410 20 80 60 30 SUS 304
B-2 170 20 80 60 30 SUS 304
B-3 20 20 80 60 0 SUS 304
B-4 40 20 80 60 0 SUS 304
B-5 390 20 80 60 0 SUS 304
coil position— =—==3 coil position— ===
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Fig. 8. Effects of crucible length on magnetic

field distribution in the crucibles with the electri-
cally shorted segments.
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Fig. 9. Effects of coil length on magnetic field
distribution in the crucibles with the electrically
insulated segments.
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Table 4. Experimental conditions and rate of heat accumulation in a charge.

c " Volt p Weixht of Heating rate of charge (W) B*
urrent o . voltage o eight o
Heat No. coil (A) coil (V) Frequency (kHz) charge (kg) ~ Cold c;ucible Hot crucible A
‘ B
1 460 120 38.5 0.130 3.03 5.94 1.96
2 370 100 38.0 0.090 2.39 4.17 1.75
3 260 78 37.9 0.100 1.08 2.65 2.15
* Ratio of the heating rate of charge in hot crucible to that in cold crucible
1500
measuring
position — 1000
) S L)
thermocouple %
F”Tjjvr 2 500
1 —
1 1
0 100 200 300

coil
Al charge

silica
wool

-crucible

.

Fig. 10. Schematic view of experimental appa-
ratus and the positions of measuring temperature.
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surface of segment -

500 ¢

cooling water at exit

0 200 400 600
time (s)

Fig. 11. Transitional variation of temperatures at
the center and the surface of a charge and tempera-
ture at the surface of a segment and that of cooling
water in the cold crucible.

time (s)

Fig. 12. Transitional variation of temperatures at
the center and the surface of a charge and tempera-
ture at the surface of a segment in the hot crucible.

1500
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1000 ._(,.llelting temp.

cold crucible

temp. (K)

500

1 1

0 ‘ 100 200 300
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Fig. 13. Transitional variation of temperatures at
the center of a charge under both hot crucible and
cold crucible conditions. ‘
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