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Abstract: To address the problems of shrinkage cavity and porosity during the casting process of a certain ship's sea valve,
Cu-7Ni-7Al-4Fe-2Mn alloy sea valve casting was used as the research object. A 3D model of the casting was constructed
using the 3D mapping software UG, and a bottom pouring system was designed based on the structural characteristics of
the sea valve casting. The process of sand casting was simulated by finite element numerical simulation software, the
possible locations of shrinkage cavity and porosity were analysed, and the pouring system of sea valve castings was
optimized. The influence of factors such as pouring temperature, pouring time, and sand mold preheating temperature on
shrinkage cavity and porosity of casting was studied, and the matching casting process parameters were optimized in
combination with orthogonal experimental methods. The results indicate that the influence of the process parameters on the
shrinkage rate of sea valve casting decreases in the order of pouring time, sand mold preheating temperature, and pouring
temperature. The optimized process parameters included a pouring temperature of 1 200 ‘C, a pouring time of 30 s, and a
sand mold preheating temperature of 35 C. By increasing the size of the riser in the parts where casting defects are easily
generated, the occurrence of shrinkage cavity and porosity casting defects is effectively reduced.
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Fig.1 3D model and profile of sea valve casting: (a) 3D model, (b) profile
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Tab.1 Main chemical composition of the
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2 Cu-7Ni-7Al-4Fe-2Mn & 4 ) 1 S5
Fig.2 Thermophysical parameters of the Cu-7Ni-7Al-4Fe-2Mn
alloy
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Fig.4 Surface grid model
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Fig.5 Flow field during mold filling
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Fig.6 Solidification process: (a) solidification time, (b) solid fraction
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Fig.7 Distribution of shrinkage cavity and porosity defects in
casting
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Fig.8 The effect of the pouring temperature on the shrinkage of
the castings
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Fig.9 The effect of pouring time on the shrinkage of the castings
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Fig.10 The effect of the mold preheating temperature on the
shrinkage of the castings

32 EXXH

FEARTE T 3 A — 75 i35 X 45 1 4 FL % (10 52 )
Jea, BT 3 HE 3 K IE A2 R Ok 4 1 5 R e
TEREE | DeTE A IA] DL K A AR 3 W) 4 R X
B LR, 1E SR R BT R %
KoKk 2 fios . B Fe L5 1) 2 241 A )7 1AW
B3=07 YLKk M S, SR R,
JIT 5 1F 22 B8] R] B G 920 S 5 A SR L9 1Y
1EZE MR B R A7 D B % i L IE 2SI IR A, Tk 3
FiR

F2 W EEMA TR

Tab.2 Experimental factors and level design

K VETEIRLE /C DELERTM] /s FEAITREGRE /C

1 1180 30 25
2 1200 40 35
3 1220 50 45

FRIEXHBAAR
Tab.3 Parameter combinations for the orthogonal test

A- DEVEIR B B- BSIEINE] C- 45 280 T P

RIS i i iRy
/C /s /C
1 1 1 1 A\B/C,
2 1 2 2 A\B,C,
3 1 3 3 A\B5Cs
4 2 1 2 ALB\C,
5 2 2 3 A2B,Cy
6 2 3 1 A-B5C,
7 3 1 3 AsB,\C,
8 3 2 1 A3ByCy
9 3 3 2 A3BiC,

A NIEARE B SR . i IR SR
S5O0 A R G T ZSHUEL G N ALBICy, LI
UL E N 1200 °C \LEHERTE 2y 30 s B Ytk 5 Ty
35 °C, WIFAAE L Aith R AR, 2.553%, wFE 1K
BUP AT NP 11 FroR KKy K FR B SR R —
KAET Bt g fLAR 2 MR AR M 22 HAE /R
/INRT LLB AR B8 i 3 A 2 RO B 1 4 LR B TR Y

FAEZTRBERE
Tab.4 Results of the orthogonal test

A- DEIEMRIE B- DEIEMTN C- HFAIBIR I 4iALE

N R
/C /s /C 1%

1 1 1 1 2718
2 1 2 2 2.690
3 1 3 3 2.850
4 2 1 2 2.553
5 2 2 3 2.710
6 2 3 1 2.875
7 3 1 3 2.607
8 3 2 1 2.657
9 3 3 2 2.846
K, 2.753 2.626 2.750
K, 2.713 2.669 2.696
K 2.703 2.857 2722
R 0.0497 0.231 0.054

FE R
. B>C>A

& A,B,C,

P11 s TESHCT B 16
Fig.11 Defect distribution under optimal casting process
parameters
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Fig.12 Defect distribution after the improved pouring process
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