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Model Experiment and Theoretical Analysis for the Effect of
Electromagnetic Pressure on Surface Quality of Continuous

Castings
Tkuhiro SuMi, Kensuke SASSA and Shigeo ASAI

Synopsis :

Being aimed to improve the surface quality of a continuously cast steel, a new electromagnetic casting
method is proposed where the high frequency magnetic field is imposed on the initial stage of solidification
from the outside of a mold. The magnetic pressure induced by the magnetic field provides the solidifica-
tion taking place under the soft contacting pressure of molten metal with the mold, so called soft contacting
solidification. Molten tin was cast by imposing magnetic field with 1.75, 3.75 and 15.4 kHz frequency in
order to examine the applicability of the method to the cast of steel. It is found that this electromagnetic
casting method has a potential to be applied to the cast of steel. The stronger intensity of magnetic field
could provide the better surface quality of products in the way of reducing oscillation marks. However, the
excess intensity of magnetic field caused the disturbance on meniscus inducing surface defects. The criti-
cal intensity of magnetic field at which the surface defects due to fluid disturbances at meniscus appeared
increased with increasing the frequency of magnetic field. It is noticed that the effect of magnetic field on
reduction of surface defects appears more significantly when mold oscillation was not applied than when the
oscillation was applied.

Key words : electromagnetic processing of materials ; electromagnetic metallurgy; application of high fre-

quency magnetic field; solidification; continuous casting; surface quality ; oscillation mark.
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Fig. 1. Experimental apparatus.

Table 1. Experimental conditions.
p

Casting rate : 2.3 mm/s

.. |frequency : 1.1Hz
Oscillation stroke : 4.0 mm
Cooling water : 3.3X107% 3
Super heat : 50 K

inner diameter : 30 mm

M')ld‘outer diameter : 62 mm
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Photo. 1. Surface aspects of cast billets (3.75kHz : with oscillation).
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Photo. 2. Surface aspects of cast billets (with
oscillation).
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Fig. 2. Relationship between surface roughness
and magnetic flux density (with oscillation).
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Photo. 3. Macrostructures
(15.4 kHz : with oscillation).
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Photo. 4. Surface aspects of cast billets (3.75
kHz : without oscillation).
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Photo. 5. Surface aspects of cast billets (without
oscillation).

T
1.0 A 175kHz
O 3.75kHz
0.8k O 15.4kHz
L
S 0.6
N
041
0.2
o

0 1 2 3 4 5
X1072

B(T)

Fig. 3. Relationship between surface roughness
and magnetic flux density (without oscillation).
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Fig. 4. Relationship between surface roughness
and magnetic  stabilizing parameter  (with
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Fig. 5. Relationship between surface roughness
and magnetic stabilizing parameter (without
oscillation).
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Fig. 7. Effects of the magnetic flux density and
frequency on the joule heat induced in cast billets.
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