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Process Optimization of Investment Casting for Large-diameter and Narrow-outlet
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Abstract: The investment casting of large-diameter and narrow-outlet impeller was numerically simulated through of
UG software modeling and AnyCasting software. The distribution of shrinkage cavity and porosity defects in the cast-
ing was predicted, and gating system was modified. The simulation orthogonal experiments were carried out on param-
eters including pouring temperature, baking temperature, and filling height, to obtain optimal process parameter
group. A novel shell-making process was designed according to casting characteristics, solving the bleeder issues in the
core of casting. The specimens before and after process optimization were detected and analyzed by means of metallo-
graphic microscope (OM) and scanning electron microscope (SEM). The results indicate that the shrinkage cavity and
porosity defects at both macroscopic and microscopic scales are significantly reduced, mechanical properties are
enhanced with reduction of inclusions, and the microstructure as well as hardness is more uniform.
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Fig.1 3D model of large-diameter and narrow-outlet impeller
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Tab.1 Chemical composition of 304 stainless steel %
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C Si Mn P S Ni Cr Mo Fe

8.0~ 18.0~ 2.0~

11.0  21.0 3.0 &
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Fig.3 Simulation results of primary process
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Fig.4 Castings and defects in primary process
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Fig.5 Gating system in modified sheme
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Fig.6 Numerical simulation results of modified gating system
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Tab.2 Affecting factors and levels for residual melt modulus

T WEIRECA/C MEEMB) /em KARIRECC/C

1 1600 9 1060
2 1640 10 1100
3 1660 11 1140

3 EXHKBER
Tab.3 Orthogonal test results

=2 A/C B/cm c/C BRI/ mm
1 1600 9 1060 7.916
2 1640 10 1060 8.194
3 1660 11 1060 8.296
4 1660 10 1100 8.277
5 1640 9 1100 8.166
6 1600 11 1100 7.933
7 1600 10 1140 7.894
8 1640 11 1140 8.184
9 1660 9 1140 8.277
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Tab.4 Variance analysis of residual melt modulus
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Fig.7 Structure diagram of new shell-making process
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Fig.8 Flow chart of new shell-making process
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Fig.9 Impeller castings after process optimization
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Tab.5 Hardness of castings before and after process optimization

LGS iKHE A FE B

1 116 128

2 108 126

3 76 133

4 120 130

5 113 136

6 108 126

7 72 136

8 118 131
K b 103.8 130.8
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Fig.10 Metallographic structure of castings before and after process optimization
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Fig.11 SEM images and EDS results of castings before and after process optimization
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