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Casting Process Design and Optimization of the Valve Body

CHEN Guobao', GAO Tongwang', ZHAO Chengbin', LU Qiyan', HUANG Rongsen', LIAO Longxing'?

(1. College of Ocean Equipment and Mechanical Engineering, Jimei University, Xiamen 361000, China; 2. High Performance
Manufacturing Institute, Dalian University of Technology, Dalian 116000, China)

Abstract: Casting valve bodies serve as critical components of hydraulic valves. The quality and performance of hydraulic
systems are highly important for ensuring their reliability, stability, and service life. With the continuous development of
industrial technology, the requirements for hydraulic valves in various industries are increasing daily. To improve the
stability of the casting process of the casting valve body and adapt the product to more complex high-pressure,
high-temperature, and high-corrosion working conditions, a casting model of the valve body was established. The casting
process was simulated through the numerical simulation software ProCAST. The causes of shrinkage porosity and shrinkage
cavity defects have been discovered. The volume of shrinkage holes and porosity defects is reduced by measures such as
optimizing the runner, setting risers, and placing chill irons. The results show that the shrinkage hole and porosity defects of
the improved castings have been effectively controlled and that the defect volume has been reduced by more than 95%.
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Fig.1 Three-dimensional structure diagram of the part
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Fig.2 Position of the parting surface
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Fig.3 3Gating system 4
Fig.4 Diagram of the model mesh
3 1 ZG275-485H
Tab.1 Chemical composition of the ZG275-485H alloy
31 (mass fraction/%)
Element C Si Mn S P Ni C Cu Mo V
, IGS ,  Pro Content 025 05 12 04 04 03 03 03 0.05 0.05
CAST , mesh 491 800 221
, 4 0 3.3
3.2 , 94s ( 6a),
ProCAST Cast s
ZG275-485H , 1 , , 30%,
ProCAST o 5 ,
, 1498.3 C, 5b ,
. 40~60C, ,
1550°C, 20 C, .
o ) 158s ( 6b),

500 W/(m?-K)2", ,

5 :(a) :(b) i(c) i(d)
Fig.5 Thermal properties of the alloy: (a) conductivity; (b) solid fraction; (c) density; (d) enthalpy
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6 :(a) 1=9.4 s; (b) =15.8 s; (¢) 1=25.7 s; (d) =31.6 s
Fig.6 Filling process: (a) i=9.4 s; (b) t=15.8 s; (c) t=25.7 s; (d) t=31.6 s
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Fig.7 Temperature distribution during the solidification process of the casting: (a) 60% solidified; (b) 70% solidified;
() 90% solidified; (d) 100% solidified
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8 60% :(a) 40%;(b) 50%;(c) 70%;(d) 80%
Fig.8 Regions with solid fractions less than 60% solidified: (a) 40% solidified; (b) 50% solidified; (c) 70% solidified;
(d) 80% solidified
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Fig.9 Distribution of defects in the valve body ( A )
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Fig.10 Optimization of the casting process: (a) the optimized gating system; (b) the positions of chill irons and risers
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Fig.11 Solidification process after process optimization: (a) 20% solidified; (b) 40% solidified; (c) 60% solidified; (d) 80% solidified
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Fig.12 Distribution of shrinkage holes and porosity after process
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