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Fig. 2 Heat transfer coefficient between casting and mold shell
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Table 1 Simulation results of different porosity prediction

models
X S5k Porosity+NY* NY* APM
A 4.36% 0.15% 3.28%
B 5.43% 0.11% 4.56%
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Simulation and Experimental Investigation of Shrinkage and Porosity for
K439B Superalloy Castings with Variable Cross-Sections

SHAN Yu', SUI Da-shan*, MA Jin-yuan*, L1 Jin-feng’, DONG An-ping®, SUN Bao-de®

(1. Institute of Forming Technology & Equipment, School of Materials Science and Engineering, Shanghai Jiao Tong
University, Shanghai 200030, China; 2. Jinan Shengquan Group Share Holding Co. Ltd., Shandong Jinan 250204, China;
3. Shanghai Key Lab of Advance High-Temperature Materials and Precision Forming, School of Materials Science and Engineering,
Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract:

Castings with variable cross-sections are prone to shrinkage and porosity defects, and it is one of key
technologies to accurately predict and eliminate these defects in developing rational casting processes. The
numerical simulation was established for the gravity investment casting process of K439B alloy casting with
variable cross-sections by employing the finite element method. The numerical simulation results of shrinkage
and porosity by using porosity criterion, Niyama dimensionless criterion, and APM (Advanced Porosity
Model) criterion, respectively were compared and analyzed, and it demonstrated that the APM criterion had
higher numerical simulation accuracy through casting experiments. On this basis, the APM criterion was
used to simulate and analyze the evolution characteristics of shrinkage and porosity in castings with different
cross-sectional ratios. The numerical simulation results indicate that the porosity in the characteristic region
increases from 2.31% to 4.56%, the total porosity volume increase from 0.44 cm® to 3.65 cm®, and the
macro shrinkage with large volume fractions gradually increases, while the aspect ratio of the conical pore
distribution region decreases continuously as the cross-sectional ratio increases from 2:1to 12:1.

Key words:
nickel base superalloy; investment casting; numerical simulation; variable cross-sections; shrinkage and

porosity
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