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Influence of Casting Conditions on the Solidification of Steel Melt

in Continuous Casting Mold

Katsuo KINOSHITA, Hidenari KiTAOKA, and Toshihiko Em

Synopsis :

Effects of high withdrawal rates, fluid mold slags, and mold taper on the occurrence of breakouts or surface
cracks of the strand cast slabs have been evaluated by using an elasto—plastic stress analysis model previ-

ously developed.

The model has made it possible to predict the air—-gap formation, and hence hot spot formation at the

corner portion of the shell/mold boundary as well as the stress mode in the shell.

Choice has been made

of casting conditions which can minimize the hot spot formation and yield compressive stress in the shell.
Commercial scale casting experiments carried out on a Voest type straight mold and a Mannesmann
type curved mold have confirmed that the chosen conditions are effective to prevent the breakout and crack

formations of the shell.

A mechanism of the formation of longitudinal corner cracks and longitudinal facial-cracks has also been

discussed.
1. % =

BfedhEoeERY, RINEOERHLECHET DR
LRI HBHRO LR, mEFLIIFLL{AEALL
T\ 5.

Wik, FIHER IOKRBEHRETCX, A5t S5ED0AT
7 REEGESEEES H DD, BERRORFEREREYIEMN
LTWb Dk, BEHALFRMTS BEROTE 2
24 (VOEST #h8l, 22 35 v F) ¥ XU MHIREEAS
2 MIBIEFB OKE 5 24 (MANNESMANN #44, 2
ALSVF) THDH. thboBHHTIZ, SHAFIBRE
TOY R X O EMES B HEDY L LS omE L
VOFEEOTWBHICY, FFEFR LI EHERETCE
W, SR ORELEELYRE LTEET L L8R
THEER/LDOT5. ‘ (

ZObiciy, HEHAREROBE DRSBTS
V— 27y L OFERELH O L, o TRl
S HBEIETSEZEDXKRUITHS.

3 SITRTHS s\ T T BRI o B B I T
B e 75 awBRL, BEBRAORES IVOKNSY
bR /BREO=7* + » Tl ERRD, Eif
FERFOENE L LKL, HEHIV—EEEB. A#T

i, TO7 R ST A AGCTE 2SR XUUKE S S
OHERPBEIC Kk L FTREEROBE L@ L, Elh
L7 v—7 79 v RERT S D OBIE SR E
», FhEERIFECEAL, ShAoREEBEORE
EPOERE LD,

2. Bt & B &

2-1 #HEEH

FE2SHIEEHFN CHE 0cm (2 =A D AND
BRI E ¢ 80cm), KE S SHIIEHEFL TR 70
cm (F 60cm) THo. Table 1 i@ Li- 6 ongh
WEHEMETR LI, K1 ~3 2 TE2SHE, &£MH4~6
BKE S BHEENRE LICHEETHS.

E—NF 7Ty 7 ARSI E LRET S
Foab EERIGEHT & oflic Fig. 1 iR T HMBREREY,
hy #EFTH3ED7 5y 7 A A~C OWTEHI B
EDOERT. 75 5 7 AARSHE (T13000c=12.8
poise) T, hy (B BT 5) RN 3.
735, 7 ABIMMERE (Tisoec=1.6poise) T, hp IX
KEL, LrbSRTFHCEMT % & v SRR T
L. —F, 755 7 ACIRILIERE (Tiswc=1.2
poise) TH DM, EEEBEERACRAIELIL & OT, ko »

BAn 54 £ 4 BASHERSITTRR

BFn 55 £ 18 31 g% (Received Jan. 31, 1980)

* SRSk (k) B AT (Research Laboratories, Kawasaki Steel Corp., 1 Kawasaki-cho Chiba 260)

*2 )1 B Bk (RR) 24k IF JE T

715 (Research Loboratories, Kawasaki Steel Corp.)

— 93 —



94 % & W

% 67 4 (1981) 1=

Table 1. Casting conditions for straight and curved
mold investigated.

Case No Cross section | Mold taper (/m) |Mold flux Vﬁ"r‘:{:wn‘ Motd height
(cm x cm) |Wide face [Narrow face| brand (m/min)| (cm)
' 20 x 170 0.9 1.1 AT 1.0, S0
2" 20 x170 0.9 0.8 - 1.0 S0
3* 20 x170 0.9 1.1 “B" 1.0 90
4 22 x 105 o] 1.1 “er 1.2 70
5= 22 x 105 (4] 1.1 e 1.8 70
6** 22 x10S 0.9 1.1 e 1.8 70

*x straight mold »# curved mald
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Fig. 1. Variation of coefficient of heat transfer
across mold flux and mold.
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Fig. 2. Temperature and principal stress distribution in the solidifying shell at

the lower end of mold.
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Fig. 3. Variation of peripheral shell profile in the
vicinity of narrow face.
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Fig. 4. Temperature and principal stress distribution in the solidifying shell at the

lower end of mold.
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Fig. 5. Variation of peripheral shell profile in

the vicinity of narrow face.

Table 2. Effect of narrow face taper on the for-
mation of longitudinal corner cracks.
Narrow face taper,|T <1.1[1.1<T <1.2|1.2¢T <1.3[1.3(T
T (%/m) P P P P
P
% strand showing
longitudinal 20.3 12.5 6.1 0
corner cracks
- (total number
of strands) (59) (120) (65) (22)
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Fig. 6. Shell profile and temperature distribution
in the shell at the lower end of mold.
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Fig. 7. Variation of peripheral shell profile in the
vicinity of narrow face.
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Fig. 8. Shell profile and temperature distribution
in the shell at the lower end of mold.
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Fig. 9. Variation of peripheral shell profile in the
vicinity of narrow face.
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Fig. 10. Temperature and principal stress
the lower end of mold.
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Table 3. Distribution of flux film thickness in
continuous casting mold (1.4m/ min).

Areal percentage of film

Sampling 1/4
position| Center |,/ Corner
Film _ thickness thickness

~0.29 67.2(%)|71.3(%)|18.8(%)
0.30~0.49 22.9  '[22.5 ' |52.7
0.50~0.69 4.2 3.2 [22.2
0.70 5.7 3.0 6.3

0.309 | 0.275 | 0.435
Mean value (mm)

0.324
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tion of mold taper on narrow face.
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Schematic view showing the relation be-
tween the location of air gap and stream
injecting from submerged entry tube.

Fig. 13.
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Table 4. Effect of deflection angle of bifurcated
submerged entry tube on the occur-
rence of breakout resulting from longi-
tudinal corner cracks.

Type of tube Occurrence of breakout
(times/month)

15° downward tube 2

25° downward tube 0

Table 5. Effect of wide face taper on the forma-

tion of longitudinal corner cracks.

Wide face taper (%/m) 0 0.9
Total number of slabs 332 248
Number of slabs with cracks 44 13
9, slabs with cracks 13.3 5.2
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