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Abstract: The problem of controlling the dimensional accuracies of castings during the investment casting process

has always hindered the improvement of product quality. To address this issue, a numerical simulation model covering
the full process from wax pattern mold filling, shell sintering to alloy solidification stages has been constructed; and
the actual geometric data of the wax patterns, the shell cavities and the final castings have been obtained, respectively,
through three-coordinate scanning and industrial CT detection technologies; the errors between the simulation results
and the measured data have been analyzed using the three-dimensional surface registration method. The research
results show that the average surface size errors in each stage of the wax pattern mold filling, the shell sintering and the
alloy solidification are all less than 0.8 mm, and the relative errors of local feature sizes in each key process stage are
controlled within 1%, verifying the reliability of the single-process solution model. Further analysis reveals the non-
monotonic genetic mechanism of errors in the process flow: during the shell sintering stage, the shrinkage of ceramic
materials occurs; while in the alloy solidification stage, the solidification shrinkage inside the already contracted cavity
causes the final casting deviation to decrease, demonstrating the dynamic compensation effect of the deformation among
multiple processes. The research results confirm the feasibility of the proposed full-process numerical simulation method
in predicting the deformation of investment casting, providing a theoretical basis for the control of casting dimensional
accuracy.

Key words: numerical simulation; investment casting; full-process simulation; dimensional accuracy control;
deformation prediction; error genetic mechanism; shell sintering; alloy solidification
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Fig. 1 The wax pattern mold and the simulation grid
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Fig. 2 Simulation results of the mold filling process
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Fig. 3 Error distribution maps of the simulation and scanning models
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Fig. 7 Simulation results of the shell sintering and error comparison chart
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Fig. 8 Simulation models of the casting solidification process
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