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Three Dimensional Solidification Analysis in
Large Steel Castings by Modified Finite Difference Method

Seung-Mog Yoo *, Doo-Ho Lee *?, Jong-Ki Kim**, Chan-Young So”**, Chun-Pyo Hong"

Abstract

A computer program which consists of pre-processor, main solidification simulator and post-processor has

been developed for three dimensional solidification analysis of steel castings. The pre-processor is used for

mesh generation in a small personal computing system, The modified finite difference method i1s adopted for

the main solidification simulation algorithm, The post -processor graphically presents the simulation results

and shows the formation of shrinkage defects. Several experiments on large steel castings in sand mold were

carried out. The temperature variations in casting and mold with time are measured experimentally, and the

results are compared with calculation results. Several numerical examples for the prediction of shrinkage

‘cavity In large steel casting of SC42 and SCNCrM2 alloys are compared with experimental results. The ef-

fect of sleeve and chills on solidification patterns are also studied. Formation of shrinkage defects for the

three cases of experimental castings are relatively well perdicted by present model. »
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Photo. 1. Three dimensional models for solidifi-
cation simulations :
(a) casting 1, (b) casting 2, and (c) castig 3
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Table 1. Thermal conductivity and specific heat used in calculations,

Temp. Thermal Conductivity Specific heat
(¢) (cal /cm - sec - C) (cal /g - C)
SC42 SCNCrM?2 mould SC42 SCNCrM2 mould
~200 0.114 0.107 1.969x 1073 0.121 0.122 0.170
300 0.103 0.103 1.842x1073 0.138 0.130 0.180
500 0.093 0.089 1.872%1073 0.163 0.156 0.188
700 0.081 0.075 2.011x10°3 0.211 1.200 0.195
900 0.071 0.064 2.239x 1073 0.180 0.128 0.200
1100 0.072 0.068 2.603x1073 0.181 0.144 0.205
1200 0.074 0.071 2.972x1073 0.192 0.152 0.207
Tl — 0.100 0.100 - 0.200 0.180 -
Table 2. Physical properties used in calculations,
erial density initial temp. latent heat Tliq Tsol
aten (g /cm?) () (cal /g) () (T)
7.50(s)
SC ) 5
42 7.00(1) 1530.0 65.0 1515 1455
7.85(
SCNCrM2 ) 1530.0 66.2 1493 1396
7.3(1)
mould 2.75 20.0 ~ - —
sleeve 1.10 20.0 — — —
chill 7.60 20.0 — — —

Table 3. Heat transfer coefficients used in cal-

culations,
cal /cm? secT
cast /mould 0.2
chill /mould 0.2
cast /chill 0.013
cast /air 4.0x107¢
mould /air 2.0x107°
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Table 4. Chemical composition(wt%) of SC42 and SCNCrM2 alloys.

C Si Mn P

S

Cu Sn Al Ni Cr

SC42-1 0.16 0.41 0.75 0.01

0.01

0.0 | 0.00 | 0.08 | 0.0 | 0.00 | 0.01

SC42—-2 0.18 0.39 0.81 0.01

0.02

0.01 0.07 0.21 0.09 0.06 0.02

SCNCrM2 | 0.28

0.43 1.07 0.01

0.01

0.07 0.08 0.12 1.93 0.33 0.19

(58)
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Fig. 3. Time —temperature vanations calculated
in castings :

(a) casting 1 (SC42), (b) casting 2, (c) casting 3
(SCNCrM2)
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Photo. 2. Temperature distributions in casting 1:

(a) 20 min after pouring and (b) 60 min after
puouring,

Photo. R Temperature distributions in casting 2 :
(a) 26 min after pouring and (b) 60 mun after

pouring.,
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Photo. 4. Temperature distributions in casting 3 :
(a) 36 min after pouring and (b) 60 min

after pouring.
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Photo. 5. Formation of shrinkage defects 1n ex-

perimental castings
(a) SC42 without sleeves and chills (casting1)

(b) SC42 with sleeves and chills (casting 2)

(c) SCNCrM2 with sleeves and chills (casting
3)
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Photo. 6. Computer prediction of shrinkage defects in experimental castings :

(a) SC42 without sleeves and chills (casting 1)
(b) SC42 with sleeves and chills (casting 2) and

(c) SCNCrM2 with sleeves and chills (casting 3)
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