5539 B S M
2018 4210 A

Vol. 39, No. 5

7%
SPECIAL STEEL October 2018 - 9 -

TtRBEAGEEMNZEZENGERER B FEY

KA FRA XHE B R UL K2
GLTRHER¥EARH SR &8, 1l 114051)

# B EENMESEEIETORNR . ELEREE —EE W, AR 885 mm FEHEI(A) 12075
mm ZAHEI(B) BifH 7 t $RGE, i i et A 401 0 O I BE 35 68 I o 4 5 0B 1R LA % o o BRAA 48 FLAB UL HEAT A A X
H,7 t(B) K BRI PO K 970 mm M RBBHEX, 3 B4R OB RET 20% HGH KR KAR
180 om’,7 t(A) BHAINEE RARBELAA S BBRMEN, A EEERE, ZEETER, EWLT cRERA T
(A) BERRMERIT,

XA 7ok BEENE @ meERdt

Mathematical Simulation of Effect of 7 t Steel Ingot Shape Body
Height on Solidification Process and Metallurgical Qulity

Xiao Qinghe, Li Shengli, Ai Xingang, Han Kun, Sha Minghong and Zhang Lianwang
(School of Material and Metallurgy, Liaoning University of Science and Technology, Anshan 114051)

Abstract The ingot shape has certain influence on the defects such as porosity and shrinkage in the solidification
process of ingot. Based on body height 2 075 mm long and slim shape (B) and 1 885 mm short and thick shape (A) two
kinds of 7 t ingot, by casting simulation analysis of temperature field, solidification fraction, analyses the effect of solidifi-
cation time and center loose shrinkage cavity, 7 t (B) center is 970 mm long and slim ingot ontology high temperature lig-
uid phase, closed area, and the body center loose loose rate more than 20% of the area is about 180 em®, 7 t (A) short
thick steel ingot only had A few minor loose insulation cap, basic no ontology. In this paper, 7 t steel ingots are recommen-

ded to be designed with 7 t(A).
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Table 1 Chemical composition of die steel 42CrMo4

TR SR/ %
C 0.38 ~0.45
Si <0.40
Mn 0.60 ~0.90
P <0.003 5
S <0.035
Mo 0.025
Cr 0.90~1.20
0.32
[C]=0.40%
0.30 | T,=1487C
Tg=1422C
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Fig.1 Curve of thermal conductivity of die steel 42CrMo4 with
temperature
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Fig.2 Curves of density of die steel 42CrMo4 with temperature
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Fig.3 Curves of specific heat of die steel 42CrMo4 with tem-
perature
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Table 2 Chemical composition of cast iron for ingot
mould/ %
C Si Mn P S Fe
3.77 1.81 0.4 0.037 0.096 93. 887
0.46
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Fig.4 Curve of thermal conductivity of gray cast iron with tem-
peratur
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Fig.5 Curves of density of gray cast iron with temperature
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Table 3 Related parameters needed for simulation

WG 2%
EEMHRE/C 100
SR AIRIRE/C 100
BERE/C 1585
PEEE/ (kgs™!) 7.78
5507 8]/ min 15
W AkFETGBEE/C 100
FERE/C 25
HELIHRE/C 800

%4 FEBHRY
Table 4 Interface heat transfer coefficient
FE BRER/(W-m2-K1)
PG/ ReE () 1200
MeE (M) /43R 750
P/ iR 400
et () /R AT 20
e/ A% 20
B (W) /3R 0
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Fig.6 Three dimensional geometry model of ingot 7 t (A)
(left) and 7 t (B) (right)
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Fig.7 Mesh generation of ingot 7 t (A) (left) and 7 t (B)
(right)
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Table 5 Relevant parameters of 7 t ingot of two kinds

i) 7 LEERE(A) 7 t KM (B)
EEL % 19.53 16.66
ARG/ % 6.89 4.58
22K B/ mm 1885 2075
LB E R/ mm 810 747.5
B 5H/% 3.63 3.73
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Fig.8 Temperature distribution comparison between (a) ingot
7t (A) and (b) ingot 7 t (B) at end filling
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Fig.9 Temperature distribution comparison after casting for 80

min between (a) ingot 7 t (A) and (b) ingot 7 t (B)
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Fig. 10  Solidification fraction comparison after casting for 80
min between (a) ingot 7 t (A) and (b) ingot 7 t (B)
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Fig. 11 . Ingot mold max temperature contrast between (a) 7 t
(A) thick shape and (b) 7 t (B) slim shape
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Fig. 12 Contrast of solidification fraction at different time points
between (a) 7 t (A) thick shape and (b) 7 t (B) slim shape

ingot
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Fig. 13 Distribution porosity with porosity ratio more than 2%

in (a) 7t (A) ingot and (b) 7 t (B) ingot
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