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Simulation of Central Porosity and Hot Crack Formation in
14 t Flat Ingot by Mold Removal Controlled Cooling
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Abstract: Taking 14 t flat ingot as the research object, a new method of mold removal controlled cooling was adopted.
This method completely eliminates the effect of the air gap in the solidification process of the ingot, and applies cooling to
the lower part of the ingot to promote the sequence solidification of ingot from bottom to top, thus improving the solidifica-
tion quality of the ingot. The heat transfer solidification process of the cooling steel ingot controlled by mold removal was
simulated through the simulation software combined with the industrial test of solidification process of 14 t H13 on site,
and the influence of different cooling intensities on heat transfer solidification, Niyama distribution and thermal stress of
steel ingot was analyzed. The results show that the temperature gradient of the lower part of the ingot is increased by mold
removal and controlled cooling, the solidification front changes from U-shape to V-shape, the angle of solidification front
is increased, the feeding channel between the riser and the solidification front is widened, and the feeding of the riser to
the lower part is promoted. With the increase of cooling intensity, the central loose area decreased by 2. 03%, the central
loose length decreased by 68. 53%, and concentrated in the riser area. At the same time, the thermal stress inside the in-
got also increases, and the proposed cracking coefficient is used to predict the risk of cracking when the controlled cooling
intensity reaches 1 200(W+m?-K™").
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Table 1 Main dimension parameters of 14 t rectangular
ingot
N3 EYCIE N Bl
A9 E B /mm 1990 JA B 155 BE /mm 65
AR B mm 575 MR 11 5% 755 /mm 360
AR ¥ /mm 910 R 25 /% 14
HE JIG 3 J /mm 80 ANRAE THIHEE 1% 1.7

AR ST LA /% 22

AR GE T N HEE % 43

AR - E S8 T /mm 1575
NI NIy A 2.0

A S8 T /mm 1550
A 98 R L 2.0
AT S8 /mm 1525
N/ NI 22

K1 AEE AR K

Fig. 1 Schematic diagram of ingot model
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Table 2 Setting of heat transfer coefficient in solidification simulation

ST P ZAB/(W-m2- K™ ) ST BIEEU(W-m™2-K)
75K -k 0.5 B -1 20
25 S -HER/IR 5 20 PR - A5 50
235~ 10 SR 2 R 300 ~ 800
BT 800 KR 1 000 ~ 2 000

F3 HI3HKWNOLERSD (REHE)
Table 3 Chemical composition of H13 test steel %
C Si Mn Cr Mo Ni v Cu Al
041 1.01 041 528 129 0.08 096 081 0.02
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Table 4 Parameters used to construct the mathematical model

S HfH S o
B C 35 HUFK(1 3801 CY(W-m™-K™) 32.5
Ve IR C 1509 TARALE(1 380.1 °C) 0.37
WARLIR R/ C 14743 AR (1 380.1 “C)/GPa 72.29
[EFHZR IR C 1380.1 JE RIS F1(1 380.1 “C)/MPa 6.79
FHEE(1380.1 “C)(kg-m™'+s7") 0.007 2k 2 %(1 380.1 “Cy/K™ 1.5x107
HEAZR(1 3801 “C)(J-kg ' -K™) 695.62 K /(] kg ™) 1197.29
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Fig. 2 Comparison between the temperature of measuring point on the ingot surface and the simulated value during demoulding : (a)

the wide surface of the ingot body, (b) the narrow surface of the ingot body
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Fig. 3 High temperature tensile test of H13 steel :

at different temperatures
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(a) tensile specimen at high temperature, (b) yield stress and section shrinkage
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Fig. 4 Cloud image of temperature field distribution during complete solidification of ingot under different cooling intensities
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Fig. 5 Temperature gradient at different cooling intensities
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Fig. 6 The distribution of ingot center porosity under different

cooling intensities
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Fig. 7 Center porosity length of ingot under different cooling

intensities
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Fig. 8 Von—Mises stress and elastic equivalent strain under different cooling intensity: (a) Von—Mises stress in T,,~T,, region within

the maximum stress region, (b) elastic equivalent strain in T,,—T,, region within the maximum stress region
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Fig. 9 Cracking coefficients for different cooling intensities
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