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Fig. 1 3D structural diagram of a bar-shaped component
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Tab. 1 Heat transfer coefficients between the casting and
coating at different temperatures
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Tab. 2 Emissivity of the mold shell
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Fig. 2 Shrinkage porosity distribution in the bar-shaped component
without gating system
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Fig. 3 Dedicated gating system for the bar-shaped component
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Fig. 5 Filling sequence of the bar-shaped component
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Fig. 6 Hot spot distribution in the bar-shaped component during solidification over time

0.42cm? /®

0.63em’ a
0.16em*

\

0.62cm*

0.27em?

@— 041em?
(D3

0.08¢m*

E7 WasREnEL S HE
Fig. 7 Shrinkage porosity and microporosity distribution in the initial
design
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Fig. 8 Optimized gating and riser system design
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Fig. 9 Temporal distribution of the hot spots in the optimized gating and riser system during solidification
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Fig. 10 Distribution diagram of the shrinkage cavities for the optimized
gating and risering scheme
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Fig. 11 X-ray inspection of the optimized bar-shaped structural
components
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Analysis and Optimization of Casting Process for Titanium Alloy Bar
Structural Components

MA Jing"? , WANG Lin-chun™?, ZHANG Ning"?, CUI Xin-peng?®, LI Feng?, LI Xin-lei"? ZHAO Rui-bin"?
(1. Beijing Institute of Aeronautical Materials Co., Ltd., Beijing 100095, China; 2. Beijing Engineering Technology Research Center for
Advanced Titanium Alloy Precision Forming, Beijing 100095, China; 3. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract:

This study addresses the issues of prolonged production cycles and severe casting defects in a titanium alloy
bar-shaped component, including springback deformation, batch bulging, cracks, and incomplete filling.
Process improvements and cost-efficiency optimization were carried out. The ProCast software was utilized
to analyze the filling and solidification processes of the bar-shaped component, predicting shrinkage porosity
defects. Based on the results of the initial design, the gating and riser system was optimized. The final
optimized design reduced the shrinkage porosity volume to 0.03 cm®, which was a 99.1% reduction compared
with the initial scheme. Combined with improvements in the bar-shaped component calibration tooling, the
production cycle was shortened from 116 days to 90 days. The castings exhibited excellent formability, free
from defects such as bulging and sand inclusions. Minor shrinkage pores could be compacted via hot isostatic
pressing (HIP), enabling stable and mass production of the castings.
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