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Basic Study on Flow Behavior of Molten Steel in a Continuous Casting Machine
in the Presence of Static Magnetic Field Parallel to the Slab Width Direction

Masafiumi MORISHITA, Masahiko KOGITA, Takehiro NAKAOKA and Toshiya MIYAKE

Synopsis

Key words:

: An electromagnetic brake (EMBR) has been developed in order to reduce non-metallic inclusions in slab by means of reducing downward

molten steel flow in a continuous casting machine. However, it was reported that the conventional EMBR, which imposes static magnetic
field parallel to slab thickness direction, had a problem that the non-metallic inclusions in the vicinity of width edges werenot effectively re-
duced, especially when the slab width was small. The reason is considered that the electromagnetic force is not strong enough to prevent the
downward flow from carrying the inclusions deep into the strand in the vicinity of the width edges, though the downward flow velocity is
highest in the region. The force in the region is weak because electric current parallel to the slab width direction is small.

In this study, a new EMBR, which imposes static magnetic field parallel to slab width direction, has been proposed as a countermeasure
for the reported problem. By computer simulations and model experiments using liquid gallium, it was demonstrated that the new EMBR
suppressed the downward flow more effectively than the conventional. The region where the downward velocity was high was extinguished.
By using the new EMBR, upward electromagnetic force induced by the magnetic field paratlel to slab width direction and the electric current
parallel to slab thickness direction brakes the downward flow effectively in the vicinity of the width edges.

continuous casting; surface defect; electromagnetic brake; non-metallic inclusion; computer simulation; model experiment; static magnetic

field.
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Fig. 1. Calculation model for the conventional EMBR.
(Ruler type, thickness direction field)
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Fig. 2. Apparatus for the gallium model experiments.
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Fig. 3. Calculated distributions of downward velocity at the thickness center for the conventional EMBR (Ruler type).

(L1=500mm, ¥,=1.8 m/min, B=0.3T)

Table 1. Experimental conditions.

Model Actual Ratio
Slab thickness 0.04 m 024 m 0.17
Slab width (L) [0.15m 0.9m 0.17
Casing velocity (U) [0.055 m/s 0.028 m/s 1.98
Density (p) |6100 kg/m3 7000 kg/m3 0.87
Viscosity (u) 0.0016 Pa‘s 0.0056 Pa-s 0.29
Electric Conductivity (o) [3.9 MS/m 0.7 MS/m 5.57
Magnetic Flux density (B) [0.20 T 0.147 T 1.36
Re= LUp/u 3.14x10* 3.14%x10 1.00
Ha= BL (oc/u)°® 1.48)(103» 1.48%x10° 1.00
N=oLB?/p/U 69.5 69.5 1.00
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Fig. 4. Effect of slab size and field position of the Ruler type EMBR on the calculated downward velocity.
(V,=1.8m/min, B=0.3 T, 20 mm from the narrow face, 1500 mm below meniscus, thickness center)
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Fig. 5. Calculated velocity distributions for gallium model experiments.
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Fig. Al. Modeling of the inclusion exposure on the sheet.
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D : Thickness of the inclusions in the final sheet
To : Thickness of the initial slab (=230mm)
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Fig. A2. Calculated depth of the non-metallic inclusions,

which causes surface defects on the sheet prod-
ucts, in the slab.
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