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Simulation and Optimization of Casting Parameters for
Producing Laminar Tear Resistant Extra—thick Plate by The
New Type of Water—cooled Die Casting

Tang Zhenglei'*, Xu Shaopu’, Wang Fuming', Li Hongyang®, Chen Xi*, Zhang Tao’
(1 Metallurgical and Ecological Engineering School, University of Science and Technology Beijing, Beijing 100083,
China;2 NanYang HanYe Special Iron and Steel Co., Ltd., Nanyang 474500, China)

Abstract: The new type of water-cooled mold casting ingot mold system consists of an adjustable ingot mold, a water-
cooled copper bottom plate, an insulation cap, and a control system. The size of the water-cooled mold casting is inversely
calculated from the size of the material used to produce a thick plate with laminar tear resistance , and a 4-factor 5-level or-
thogonal test simulation is conducted by using Anycasting software, to determine the optimal ingot mold size under the cur-
rent water cooling control system (wide surface taper 0. 75%, narrow surface taper 0.45%, narrow surface arc radius
1500 mm, insulation cap height 500 mm) and follow up the cooling process 2 to 8 h after casting. Use the method of add-
ing a separator to the center of the water cooling mold casting to divide the ingot into two parts to achieve one mold double
ingots, similar to the directional solidification method, to make the center segregation and loose defects exist on the sur-
face of the billet, making it easier to clean and improve the quality of the billet, And it can make the penetration effect
more effective during the rolling process, so as to achieve the purpose of producing laminated tear resistant extra thick
plates. 200-400 mm plate produced by the said method, internal quality meets the standard JB /T 4730. 5-2005 class |
and plate with layered tear resistance Z35 performance.
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Fig. 1 Water—cooled mold casting ingot mold
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Table 1 Anycasting software simulates calculation factors
and levels of water—cooled mold casting ingot mold

W= B AT e 7% T AEME AERE S
o B 1% P 1% 1%/mm J& /mm
0.65 0.45 800 400
0.75 0.55 1 000 450
K
0.85 0.65 1200 500
0.95 0.75 1500 550
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Table 2  Anycasting software simulation calculation
scheme of water—cooled mold casting ingot mold

i T

Fy g S T HEIE /% AR AR v B/
1 0.65 0.45 800 400
2 0.65 0.55 1 000 450
3 0.65 0.65 1200 500
4 0.65 0.75 1500 550
5 0.75 0.45 800 400
6 0.75 0.55 1 000 450
7 0.75 0.65 1200 500
8 0.75 0.75 1500 550
9 0.85 0.45 800 400
10 0.85 0.55 1 000 450
11 0.85 0.65 1200 500
12 0.85 0.75 1500 550
13 0.95 0.45 800 400
14 0.95 0.55 1 000 450
15 0.95 0.65 1200 500
16 0.95 0.75 1500 550
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Fig. 2 Solidification Effect of the Best Scheme
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Table 3 Initial casting temperature parameters
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Table 4 Setting of casting parameters for water cooled
mold casting
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A F [cal - (g-C)"] B 0.09 AF i 0.21
[cal ﬁf féc)fl ] A 0.18 AR 0.06
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Table 5 Water cooled mold casting process
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Fig. 3 Monitoring screen of water cooled mold casting cooling

system
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Table 6 Thermal conductivity coefficient of various mate-
rials in water cooled mold casting
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Fig. 4 Simulation diagram of water cooled mold casting process

BRI K (2 et BERLe 20, TR B 3R ) , i e 5 Jm
AR K 3 8 HRE R K A B W EE T T
I LR 535 K S AR B33 AR ANK R )
A TN KNG o T B K B8 85 1o A vh A 5E A0 2
PRSEIR LG BU AT A K TE A BE R, 25 S e
HIE I8 — 5 8 BE B 5T, IR5T JR I /I B 28 T ik
YR, T O T DA T B K B RD A

18 155 1 Bh i [ Anycasting 2> B X >R FH IE S 1311
TEE SR AR 45 A KV BE AT RS B, LASS:
WEFTEE I RTS8, 2B B, KV 4l B 25 i
BERTIRAE R ST« TEH HE R 0.75% , 78 I HEE 0.45% , 7%
T4 1500 mm, PRIEDE &5 500 mm.

3 KR IRIRL RAR SRR R BT E T2

L R T PO o R A E TR U I o T
FE RTINS , FEBERRL 5 IR 7 Z AL SRTE B .
PRUERFEEL 45 T ¥R 58— W R 7, A5 9/ B IS
FE RS S R R S A R A
15700 = S R i v NG S N1 S S R T
PRAEE ) RT

(1) IR5TH: LR BE BB 5E o

P B [ %)~ AR e B o R i R 78 SR B, 4
K (DR :

d=K\i (1)

K d-H5T R L mm; K-5E [ R %0, mm - min™, HL
K=20; t-#%¢ [ B E] , mine

(2) B FEUSC AR 2R & G045 W AS W 4 25 0 [ 2 i 4
RN FLERGRT A S ENZ .

(a) CXF e FUSEM LK 75 (b) B E&TTR N e B
Wi WL 8 .

MG C LA KB 4 o0 28 % B 11 A0 4 6 04 52 i) K
AN TFARA A9, KK B RS W A e [ AR AR
A 2 FIAT 4% 4.9% 15

F7 BEEXNREKRHEER = HFM
Table 7 Effect of carbon content on solidification shrink-

age rate &
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£
W 4i (%YE{ 1.51 1.50 1.50 1.59 1.59 1.62 1.62 1.62 1.68 1.68
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Table 8 Effect of four main alloy elements on volume
shrinkage rate
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N 944 025 3.40 6.07 9.72
Mn 850 2.8 0.4 6.15 8.87
Si 3.60 2.05 1.77 5.95 9.77
Cr 1370 1.66 0.90 6.14 8.70
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Table 9 Follow—up extrusion dimensions of water cooled
mold cast copper plate

2 219.1 4.9 21.47 7.5
3 268.3 4.9 26.29 9.2
4 309.8 4.9 30.36 10.6
5 346.4 4.9 33.95 11.9
6 379.5 4.9 37.19 13.0
7 409.9 4.9 40.17 14.1
8 438.2 4.9 42.94 15.0
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Fig. 5 Casting simulation diagram: (a) Cast iron ingot , (b) new water—cooled mold ingot
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Fig. 6 Water cooled mold casting method for producing extra thick Z—direction steel plate : (a) Schematic diagram of casting with in-

termediate partition plate , (b) Actual casting process , (c¢) Follow up process on four sides after casting and solidification , (d) Sur-

face processing process
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