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Numerical Simulation of Investment Casting Process and Optimization
of Gating-Feeding System for Large-Size and Thin-Walled Titanium
Alloy Components
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Abstract: To address common defects such as shrinkage porosity and cavity easily occurring in the investment casting
of large-size and thin-walled titanium alloy components, taking an annular casting as research object, and based on self-
developed numerical simulation software, the mold filling and solidification processes of it were studied in order to
determine the distribution law of shrinkage porosity and cavity, and multiple rounds of optimization scheme simulations
were carried out for the thin-walled parts and the transition parts between thin and thick walls of complex castings. The
results show that under the optimized process scheme, the shrinkage porosity and cavity are concentrated in the feeders
and runners, and the defects in the casting body are significantly reduced. The CT detection verification of the actual
production casting shows that the defect positions are highly consistent with the numerical simulation results. This
research can provide scientific basis and technical reference for the process optimization of investment casting of large-
size and thin-walled titanium alloy components.
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Fig. 1 Diagram of titanium alloy thin-walled component model
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Tab. 1 Chemical composition of ZTC4 alloy wg/%
Al \Y% Fe Si C N H (6] Ti
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Tab. 2 Numerical simulation parameter settings
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®I#% R /mm 0.5
TISE IR EE/ C 300
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Fig. 3 Mesh generation of initial process scheme model
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Fig. 4 Numerical simulation results of mold filling and solidification processes of molten metal under initial process scheme
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Fig. 5 Numerical simulation result of temperature field of casting at 300 s after solidification under initial process scheme
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Fig. 6 Numerical simulation results of shrinkage porosity and cavity distribution for initial process scheme, and the model diagram of optimized

process scheme 1
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Fig. 7 Numerical simulation results of mold filling processes of molten metal under optimized process scheme 1
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Fig. 8 Numerical simulation results of temperature field of casting at 300 s after solidification under optimized process scheme 1
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Fig. 9 Numerical simulation results of shrinkage porosity and cavity distribution for optimized process schemel, and the model diagram of

optimized process scheme 2
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Fig. 10 Numerical simulation results of mold filling processes of molten metal under optimized process scheme 2
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Fig. 11 Numerical simulation results of temperature field of casting at 300 s after solidification, and shrinkage porosity and cavity distribution under
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Fig. 12 CT inspection result of the casting prepared by optimized process scheme 1
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