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Multi-scale modeling of solidification process of
Ni-based superalloy investment castings
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Abstract: Three dimensional macro and micro multi-scale models were proposed for Ni-based superalloy investment
castings. Temperature distribution in the casting was simulated using the ray tracing method to deal with the heat
radiation. Microstructure was simulated with the modified CA method and three dimensional nested macro and micro
grids. Latent heat releasing was calculated during microstructure simulation, which was coupled with the macro
temperature calculation. Based on multi-scale modeling results, the shrinkage cavity, macroporosity and microporosity
defects in the casting were predicted with the equivalent liquid surface descending method, Niyama Criterion and Darcy
Law, respectively. Experiments for superalloy turbine wheel casting were carried out. The results show that the simulated
cooling curves, microstructure and defects’ positions correspond well with the experimental. Various defects in the
casting can be predicted precisely with the proposed model.
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Fig.1 Schematic diagrams of macro and micro integrated modeling: (a) Flowchart; (b) Micro cell temperature interpolation
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Fig.2 3D geometry of turbine wheel casting and thermo-
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Table 1 Main thermo properties of casting and shell

Density/  Specific heat/ Thermal conductivity/

Specimen 5 I I
(kgm”) (Jkg K) (Wm K")
Casting 8280 561 33
Shell 2738 1139 4
3
VC++ 6.0
2
/
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Fig.4 Simulated temperature distribution at different times during solidification process: (a) fs=15%, = 49 s; (b) fs=30%, =72 s;

(¢) fs=60%, =108 s
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Fig.5 Simulated and experimental microstructures of turbine wheel: (a), (b) and (d) Simulated; (c), (¢) Experimental; (a) 3D view;

(b), (c) Front view; (d), () Cross section in center
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Fig.6 Simulated shrinkage cavity and macroporosity and positions for experimental observation: (a) Shrinkage cavity;

(b) Macroporosity
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Fig.7 Comparison of simulated and experimental shrinkage cavity and macroporosity: (a), (¢c) Simulated; (b), (d) Experimental;
(a), (b) Section 1; (c), (d) Section 2
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8 ( ) 9
Fig.8 Simulated microporosity distribution (cross section in Fig.9 Experimental result for microporosity and positions for
center) microstructure observation

10 9
Fig.10 Microstructures at different points of turbine wheel as indicated in Fig.9: (a) Point 1; (b) Point 2; (c) Point 3; (d) Point 4
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