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Process Development and Stability Analysis of Horizontal
Electromagnetic Casting Method

Shigeo AsAL, Toshiyuki Kozuka and Iwae MUCHI

Synopsis:

A new process of horizontal electromagnetic casting (HEMC) described as non-mold casting is proposed
in which the molten metal is levitated by imposing direct current and direct magnetic field. This process
may be favorably applied to the casting of heavy metals, since strong electromagnetic force can be induced
at the expense of a small quantity of élcctric energy. On the other hand, in case of the ordinary process of
vertical electromagnetic casting (VEMC), a large amount of electric energy and cost of equipment are

indispensable for casting a heavy metal.

By using this process, the alloy of 56%Bi-40%Sn-4%Zn

(M.P.=403 K, p=8.7X10% kg/m?) was cast to simulate the casting of molten steel, and the surface defects

arising by the metal-mold contact could be eliminated.

Furthermore, the stability analysis is developed to confirm the applicability of this process and to

determine the stable operating conditions.
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Fig. 1. Balance of electromagnetic force with
gravitational force in the levitated molten metal
Zone.
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Fig. 2. Metallostatic pressure balance in the
levitated molten metal zone.
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Fig. 3. Schematic views of the experimental
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Photo. 1. Horizontal-electromagnetic cast bar.

(a) Rough surface resulted from disturbance of casting condition
(b) Smooth surface obtained by stable casting condition

Photo. 2. Surface appearance of bars.
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(a) Constriction mode
(b) Expansion mode

Photo. 3. Break modes of levitated molten metal.
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Fig. 4. Transitional behavior of the levitated molten
metal zone under an unstable condition.
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Fig. 5. Second curvature of molten metal surface
under unstable conditions.
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Table 1. Maximum diameters of a bar obtained
in HEMG process.

Me Density Surface tension Diameter

tal o (kg/m®) r (N/m) 2a (mm)
Steel 6.9x10% 1.65 9.9
Aluminum 2.4 0.52 9.4
Cupper 7.8 1. 30 8.2
Titanium 4.1 1.51 12.3
Lead 10.5 0. 44 4.1
Zinc 6.9 0.79 6.8
Silver 9.3 0.92 6.4
Tin 6.8 0.53 5.6
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Fig. 7. Schematic view indicating the bending
shape of the levitated molten metal zone.
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Fig. 9. Recovering force due to upward
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