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Deformation Behavior of Continuously Cast Strand during Soft Reduction
Shigeaki Ocieayasui, Ryoji Nisuinara and Safoshi Saton

Synopsis : Three dimensional deformation behavior of continuously cast strand during soft reduction, which is considered to be an
Important factor when applying optimurn reduction rate in soft reduction technology for reducing center segregation,
was experimentally and theoretically analyzed and following results were obtained.

(1) Continuously cast strand deforms during soft reduction not only in the thickness direction but also in the width and
casting directions. The longitudinal elongation and width spreading are proportional to the reduction amount.

(2) Theoretical model to simulate deformation behavior during soft reduction has been developed.

(3)Reduction efficiency defined as the ratio of reduction area for unsolidified region to the total reduction area is
expressed as a function of the ratio of unsolidified width to the total strand width and decreases with the decreases in

unsolidified width and aspect ratio of the strand.
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Table 1. Reduction conditions.
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Table 2. Casting conditions.

Continuous caster Yavata Blooa CC Steel composition

(mass¥)

Reduction roll No. 1 pinch roll

C Si Mn P N
0.80 0.22 0.90 0.023 0. 0024

(Unbending roll) Bloom size

) || B

315am X 315am

0.8 n/mnin

15~35C {Convex-shape roll)

Distance from meniscus 21. %2 Casting speed
Roll pitch of pinch rolls 2.0m Superheat in tundish
Reduction force ATton/bloon-roll Specific water ratio

0.5 1/kg

Setting of reduction amount | Spacer is used.

aA: Total reduction area X axis

LY axis

AAi: Reduction area at solid-liquid interface

=== Before rolling

——— After rolling

TAs : Reduction area due to elongation
4B : Reduction area due to width spreading

Fig. 2. Schematic view of shell deformation during
rolling by a convex-shape roll.

Hammering for marking

to = 10cm

Fig. 3. Mesuring method for elongation of bloom in
the casting direction.
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Fig. 1. Convex-shape roll used
for the reduction test.
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Fig. 4. Bloom deformation in the thickness direc-

tion due to soft reduction by one pair of
reduction roll.
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Fig. 5. Shell deformation in the width direction due
to soft reduction by one pair of reduction

roll.
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Fig. 6. Elongations in loosed face and side face
caused by unbending and soft reduction.
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Fig. 7. Deformation area of bloom caused by soft
reduction as a function of reduction amount.
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Table 3. Method of calculation for bloom deforma-
tion caused by soft reduction.

Program for calculation Elasto-plastic 3 dimensional analysis by MARC

1) Rotary movement of roll is neglected.
(Displacement of bloom is assumed to be caused by
pressing. ) o

3 2) Shape of unsolidified cross section is assumed to be

Assumptions elliptical. . .. i

3) Deformation resistance of unsolidified region is
neglected. . ]

4) Distribution of temoerature and shel! thickness in
bloom at a roll position is assumed to be constant in
casting direction.

Distribution of temn. |Result of 2 dimensional calculation isused. =~
and shel! &3!!j thickness is defined by fs=0.7 at the solidification
inaary.

Roll shape is taken into account. X . .
Total amount of reduction is given being devided into 5
small ones.

Forced deformation
at bloom surface

Constraint condition | No constraint in width and casting direction.

1/4 cross section of bioom.

Analyzed region . . . .
300mm upstream and downstream from roll in casting direction.

NI Ly
AN

L =,

Cross section in casting direction Cross section in width direction

Fig. 8. Mesh distribution used for calculation.



Table 4. Mechanical properties used

for calcula-
tion. )

Temp. Range(C) oy (Mpa) Co(Mpa) C:

T<800 -0.28784 T + 255.569 | -0.6235 T + 560.696 ) 0.000076 T + 0.0471
800=T<900 -0.18883 T + 176.383 | 0.3205 T + 194.490 | 0.002158 T - 1.8185
900=T<1000 -0.01861 T + 23.158 |-0.4581 T + 508.275) -0.000393 T + 0.6774
1000=T<1100 -0.00876 T + 11.305|-0.1909 T + 239.020 | -0.000415 T + 0.6994
1100ST<1200 -0.00969 T + 14.529 |-0.0457 T + 79.304| 0.000543 T -'0.3544
1200=T -0.00969 T + 14.529 |-0.0684 T + 106.569 | 0.000418 T - 0.2044

— ——-— Before deformation
After deformation

Fig. 9. Calculated 3-dimensional deformation of
bloom during rolling by a convex-shape roll.
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Fig. 10. Change in cross-sectional area of bloom
due to soft reduction by a convex-shape
roll as a function of reduction amount.
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Fig. 11. Comparison between calculated and obser-
ved bloom deformation caused by soft
reduction.
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Fig. 12. Relationship between reduction efficiency
and normalized width of unsolidified region

of bloom.
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Fig. 13. Relationship between elongation coefficient
and normalized width of unsolidified region
of bloom.
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Fig. 14. An example of the calculated variation of
reduction efficiency of bloom in the casting
direction.
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direction.
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Fig. 16. Comparison of reduction efficiency bet-

ween the open-core model (model in pres-
ent work) and the solid-core model where
upper limit temperature for yield strength
was changed.
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