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Improving Solidification Structure of Continuously Cast Steel

by Electromagnetic Stirring

__ Yoshitaro UJuE, Hirobumi MAEDE, Yukiyoshi ITOH, Shigeaki OGIBAYASHI, -

Hiroshi SEXI, Kaname WADA, and Yasuo ITOH

Synopsis :

The electromagnetic stirring is applied to continuous casting process of steel. A set of linear motor type
stirrers is used for slab caster. High promotive force is fit for equiaxed crystallization of slab. The ro-
tary motor type stirrer with 2 poles by 2 phases is used for bloom caster. Equiaxed crystallization of

bloom is saturated in relatively low promotive force.

Double stirrers system is more effective for equiaxed

crystallization without heavy white band. Equiaxed crystallization by electromagnetic stirring reduces
the centerline segregation of strand. The quality of products through continuous casting with electro—
magnetic stirring is therefore better than that through ingot casting.
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Fig. 1. Electromagnetic stirrer for slab caster.
Table 1. Electromagnetic stirrer for slab caster.
Core interval 390 mm [[Coil current 550 A (Max.)
Frequency 4-16 Hz Capocity 240KVA/ISOKW
Pole pitch 480 mm |[Pole number 2
Position Guide roll zone | Phase number 3
{ confinuous | on time O-35sec.
Stirring mode == 4
alternative off time O-35sec,

Table 2. Kimitsu No. 1 slab caster.

Hot run
Maker
Machine type

September 1970
Demag/Hitachi Zohsen
Curved mold type, 2 strands

Ladle capacity
Tundish capacity
Machine length
Casting bow radius
Slab size

Average casting speed

250t

20t (One-tundish)
22.8m

10.5m (One-piece)

210 mm x 980~2 220 mm
0.7 m/min
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Fig. 2. Flow pattern caused by electromagnetic
stirrer in slab caster.
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Fig. 3. Electromagnetic stirrer for bloom caster.

Table 3. Electromagnetic stirrer for bloom caster.

Prototype (for
test)

Practical type

Position

Core interval
Pole/phase

Coil current
Capacity
Density of mag-
netic flux
Frequency

Stirrer’s choice

Support roll zone
430 mm

2/2

1060 A (max.)
760 kVA /250kW

800 Gaus (max.)

50Hz
Single or double
upper or lower

Guide roll zone
380 mm

2/2

35 A (max.)
30kVA/15kW
230 Gaus (max.)
50 Hz

Double and lower

Table 4. Muroran No. 2 CC (bloom).

Hot run
Maker
Machine type
Ladle capacity

Tundish capacity

Machine length

Casting bow radius

Bloom size

Average casting speed

Hitachi
120t

19

' %300 mm
0.9m/min
300 mm)

October 1971
Curved mold type, 4 strands
10t (one-tundish)

.2m

. 12.0m (Open-piece)
165 mm X 165 mm~247 mm

(247 mm X
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a) 2 poles-2 phases

b) 2 poles-3 phases

Fig. 4. Schema of rotary motor type electro-
magnetic stirrer.

B : Magnetic flux density
r : Distance from center of bloom

Fig. 5. Magnetic flux distribution of rotary motor
with 2 poles by 2 phases.
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Fig. 6. Effect of coil current on equiaxed
crystallization in slab.
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Fig. 13, Effect of promotive force on equiaxed
crystallization in bloom.
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Fig. 14. Effect of electromagnetic stirrer’s position
and casting speed on equiaxed crystallization in
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Table 5. Test conditions for white band.

- Casting Coil current (A) Casting

Lesc POSIFIOD. of speed temperature

o stirrer (m/min) 100 150 300 250 400 600 1 000 | (TD-4T °C)
A-1 0.8 * * 33-37
A-2 upper 1.0 * 1 % 37-38
A-3 1.2 * * * * 27-30
B-1 1.0 * * * 31-42
B-2 lower 1.2 * * * * * 23-28
B-3 1.5 * * * * 12-29

(These tests are held on prototype EMS.)
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Photo. 1 Macrostructure of continuously cast
slab with EMS.
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of continuously cast bloom by electromag-
netic stirring.
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Photo. 3 Chevron crack of rear axle shaft.
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Table 6. Frequency of Chervon crack (rear axle
shaft) .

(Rear axle shaft is made by hot heading and cold
extrusion process. Chevron cracks appear in cold
extrusion process.)

Frequency of Chevron crack (%)

i Spec.

Casting pec o o 20 30
with EMS 0/1983

cc
without EMS | 16/450

top 291/1584

I1C

middle 8 bottom| 0/903
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