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Synopsis :

With a view to substantially improving centerline segregation, the authors developed
the continuos forging process based on a completely new solidification mechanism. In
the new method, the unsolidified bloom is subjected to heavy reduction at the stage of
final solidification by anvils installed in the strand line. The effectiveness of the method
has been segregation ratio of carbon C/C, can be controlled to an aimed value between
0.6 and 1.0 by choosing an appropriate ratio of reduction to the unsolidified thickness. It
is also found that semi-macro segregation can be reduced and internal quality is quite

sable, in spite of deviations of casting conditions in actual operation.
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With a view to substantially improving centerline segregation, the authors developed the continuous forging process

bhased on a completely new solidification mechanism.

In the new method, the unsolidified bloom is subjected to heavy

reduction at the stage of final solidification by anvils installed in the strand line. The effectiveness of the method has been
confirmed by comnmercial continuous bloom casters, where it is found that centerline segregation can be eliminated and the
segregation ratio of carbon C/C, can be controlled to an aimed value between 0.6 and 1.0 by choosing an appropriate ratio
of reduction to the unsolidified thickness. It is also found that semi-macro segregation can be reduced and internal quality
is quite stable, in spite of deviations of casting conditions in actual operation,
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Fig. 1 Concept of continuous forging process
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Fig. 3 Relation between internal quality of forged bloom
and reduction behavior
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Fig. 4 Comparison of roll reduction and continucus forging
process
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Fig. 5 Example of stress analysis of forged bloom
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Table 1 Main specifications and casting conditions

Mizushima
Na. 3 CC

Mizushima
No.1CC

Continucus caster

Machine type Curved type | Curved type

{12.5m) (12.5, 22m)
No. of strand 6 4
Bloom size (mm?) 270340 400 % 560
Ladle capacity {t) 18¢ 180

Centinueus forging equipment
Method of reduction Qil hydraulic |Electric motor

reduction lever| driven crank

Amount of reduction {mm) 20—100 40~150
Location® (m} 16 26.4
Casting conditiens

Casting speed {m/min) | 0.656~0.75 0.4~0.6
Specific water amount  {//kg) 0.75—~0.9 0.3~0.5
Super heat ('C) 12--36 15~40

aDistance from meniscus
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Table 2 Experimental conditions of continuous forging

Mizushima
Ne. 3 CC

Ordinary steel |Ordinary steel

Mizushima
No. 1 CC

Steel grades Low alloy steellLow alloy steel

(0.05~1.0%CH(0.10~1.0%C)

Unsolidified thickness & (mm) 0--120 0~70

Amount of reduction § (mm) 20~100 40~140
Reduction ratio ¢/d 0.3~7 0.8~8
Reduction length/chance (m) 10~180 20~100
Surface temperature of bloom ('C) 870930 380~950
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Control of Centerline Segregation in Continuously Cast Blooms

by Continuous Forging Process
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To find out the mechanism of controlling concentration in the central portion of bleoms by the continuous forging process,
a mathematical model was developed by considering the discharge of the solute-enriched liquid phase between dendrites.
The model shows that the segregation ratio in the central portion of the bloom decreases, as the solid fraction in that portion

decreases.

Macrosegregation can be controiled to a desired value by changing the solid fraction at the forging point

depending on casting speed. The concentration in the central portion of the bloom by forging, calculated from the model,
is in good agreement with the observed value. As forging proceeds, a solute-enriched liquid zone is formed in the solid-liquid

region immediately before the forging point.

The carbon concentration in the liquid zone, where solute accumulates,

becomes constant after several meters of forging, even though the concentration remarkably rises immediately after the

beginning of forging.
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