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Effects of Electric and Magnetic Forces on the Solidified Structure

Synopsis:

Shigeo Asai, Kenzi YAsul, and Jwao MUCHI

To clarify the effects of the electric and magnetic forces on the solidified structure, the solidification ex—
periments were systematically conducted on the Sn-10%Pb alloy. A direct or an alternative electric cur—
rents, magnetic currents and the currents combined them were introduced into the molten metal. The
alloy was solidified under the nine different conditions.

The effects of the electric field, the magnetic field and the combined field on each solidified structure
were examined on the basis of the solidified structure and the theoretical considerations of the fluid flow

caused under each experimental condition.

It is concluded that the columnar structure can be developed by preventing the fluid flow and the fine
equi-axed zone can be obtained by the forced fluid flow.
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Table 1. Case numbers giving the experimental
conditions. ® —
Electric
current I=1, I=1, sinwt @ () .
I=0 e (AC) o ) Crucible
Magnetic (DC) @o X Liquid metal
curren t o « Cooling box
@ =0 I 11 11 ° x Coil
=3 o x Electrode
(Y’ v v VI ° X Power supply
O =@, sinwt ° @ X
(KC ) VII VIII IX ® x
Permanent magnet
klﬁu“lj tmetCll Fig. 2. Schematic experimental apparatus for
Coo?ir?ge box solidifying under the alternating magnetic
D o Refractory field.
® Power  supply VXE=— g (JH/0)  verervneeinreeienenann (1)
i:o‘(E—{—#VXH) .....-.................(4-)
F=pixH=ixB - ceeeennnn(5)
®

Fig. 1. Schematic experimental apparatus for
solidifying under the direct magnetic field.
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Fig. 3. Schematic representation of the relation
between Vy, By, iz and Fyx.
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Table 2. Supplied electric current density and
supplied magnetic current density.

Z;S\\\Qiff? i=0 i=iy | i=i,sinet
B =0 0 8.75X10¢ | 6.75 10+
B=B, 2 25100 | 117 10+

B—Bysinot | o 06 | V8o | e

Table 3. Mean values of body force and supplied
electric and magnetic energy.

\\ Z_——O Z'=740 Z-——io s1na)t
B0 0 25.4(N/m3) | 29.0
= 0 14(J) 8.33
BB 3 360 1000 3 360
=Dy 2.55 2.57 3.04
) 3.75 4.02 50.0
B=B, sinwt 0.578 0.663 0.663
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Case [

Case [

Case 1

Photo. 1. Macrostructure of case I, I and I[.

Magnification 0.8 times.
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LicbDeEzbN%. Ll, ZOWERENK, FIINE
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Case Y[

Photo. 2. Macrostructure ot case ¥ and V.
Magnification 0.8 times.
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Photo. 3. Macrostructure and computed velocity profiles of case V. Magnification 0.7 times.

(Solid phase means solid fraction=1)
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2T 55EE, BREBENTCAT 5mE%
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— 40 —

WHENTE 7203, ol gERB o mibs X O
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(m)
L :qvxrzv= (H)
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