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Mathematical Model Analysis on the Growth of Initially Solidified Shell

Toshiaki Mizocucui, Shigeaki Ocisavasur and Toshiyuki Kaytan:

Synopsis : Irregular growth of initially solidified shell in continuous casting is analyzed quantitatively, taking account of the shell
deflection. Temperature, thermal stress, and shell deformation are calculated simultaneously in cross section of the
initially solidifying shell. Shell irregularity obtained from this calculation is in agreement with the experimental results.
This means the model can simulate the phenomena in the mould. Heat resistance at the interface between mould and
metal is dominant only for a few seconds from meniscus. After that, heat resistance in the initially solidified shell
becomes dominant. This means the careful control of initial solidification for a few seconds from meniscus is important
to decrease the irregular shell growth. Calculated results shows that more even thermal resistance between mould and
metal, higher speed casting and milder cooling rate will be preferable in decreasing the irregularity.

Key words :
transformation ; longitudinal crack.

1. #&

Tl

HRREREIERL =T A v by o 4 PESBETIE, EHEKRIG
DECBIFRRAEMHEDHER EH/LILIRDOLNG, 2
D3b, BEIANIEA =R D AEFEORE—EEEIZ L > T
ECRRERRNSCEV/BP LT, > vOEMElT kb
HERFE R CATRNOBETRNDOIFPREL, 20
BENYPEEEEOLLLDEFEL LN T LSV,

IN:T, PHBEORLET 2 A =R H AEFEOHIM
BECELT, 2{O0EFNVETPITORTL 279, £
DRER, BEENOREEL LT OHREHMTIX, o/ yKIELC
& b HEE 2 v DIESDIHET 5 DT, —HEE? ALY
— I B LEEENIO S 2 RIS GIES BB L S
CEEL, ¢TI -EETHETAILIIRINT
CAED, L LTS, ERMEVL S v DIFE I B
FEMCRELTEBCE 0D, FsEryicd 55838 —
HECELTREMRLHRCIBE > T3, 2 ZTAKF
T, 3 L0 IR —EE 5 2 2B ERIIC
T 2 BT, Yz vNDIGHFHE, F& kv'y, 36
REE R L ISR R 4T 12,

2. EFIVOBA

2.1 EFILOHES
FEP Oy 2 VEREE PR Fig. 1 ST R A m
2 RICWTTH (= 35 T, (RBIEPTERC OREREIE LE DK,

initial solidification ; continuous casting ; mathematical model; irregular growth ; thermal transport; deformation ;

Meniscus surface
of molten metal

Solidified shell

Thermal resistance

l Casting direction

Fig. 1. Schematic diagram of the growth behavior
of solidified shell during casting.
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Fig. 2. Simplified flow chart of calculations.
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Table 1. Calculation condition.

only metal (width 50mm X thickness 4 or §mm)
width 100 X thickness 50, equally devided
normal thermal resistance : h, =0.103cal/cm?«s."C
large thermal resistance : h,=0.027cal/cm?es+°C
random (width of h,: 0.5~3mm)
regular (width and interval of h, : 0.5 and 1.5mm)
moderate cooling condition  hx1.0, x0.8, x0.6
carbon content of steel C T, Ts T, Ts
0.05%C 1534°C 1514°C 1450°C 1424°C
0.12%C 1528°C 1495°C 1495°C 1465°C
thermal expansion coefficient
1.967x107%(¢ phase) 5.296x107%¢/y phase) 2.292 x 10-%(y phase)
shell deflection with, without
casting velocity 1.2~35m/min

object of analysis
number of elements
overall heat transfer
coefficient hy, h,
arrangement of h, and h,

T, : liquidus temperature Ts : solidus temperature
T, : temperature at which ¢/y transformation starts
T; : temperature at which d¢/y transformation finishes
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Fig. 5. Growth behavior of solidified shell with and
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