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Abstract: Because the pipeline area of titanium alloy castings is prone to porosity defects and uneven wall thickness, the
gating system was optimized and iterated in multiple rounds from the perspectives of adding process holes, increasing the
number of auxiliary castings, and optimizing the runner structure. The optimized gating system was simulated and verified
via ProCAST numerical simulation software. The simulation results show that the metallurgical quality in the pipeline area
has significantly improved, and the number of hollow defects, such as shrinkage cavities and porosity, has significantly
decreased. In addition to optimizing the gating system, the production process is also optimized from the perspectives of
shell preparation technology and welding fixtures. The optimization results reveal that the probabilities of loose defects and
uneven wall thickness in the pipeline area decrease from 73% and 85% to 2% and 3%, respectively. This confirms the
accuracy of the simulation results, validates the effectiveness and feasibility of the optimization scheme, and demonstrates
its ability to meet actual production requirements.
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Fig.1 Case product schematic diagram: (a) 3D diagram of the casting; (b) casting thickness analysis diagram; (c) schematic diagram of
the sampling position for wall thickness analysis
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Fig.2 Schematic diagram of pipeline defects: (a) fluorescence display of defects; (b) appearance of defects; (c) diagram of casting
defect removal
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Fig.3 Pipe core deviation diagram

https://www.cnki.net



SRl ES PRI

- 1252 -

FOUNDRY TECHNOLOGY

Vol.46 No.12
Dec. 2025

K 4 ZTC4 WM TES BN 1 FVERE S B (a) FVT 35 (b) TS (c) W E (d) BRI & ; (o) LU (D) AR L
Fig.4 Thermophysical parameters and mechanical properties of ZTC4: (a) conductivity; (b) enthalpy; (c) density; (d) Young's modulus;
(e) specific heat; (f) Poisson's ratio
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Tab.1 Chemical composition of the ZTC4 alloy

(mass fraction/%)

Element
Material
Ti Al \% Si N (0) Fe H C Other individual
ZTC4 Bal. 6.32 3.96 0.019 0.009 0.15 0.22 0.004 0.007 0.1
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Fig.5 Bare part simulation results: (a) solidification sequence; (b) microshrinkage and porosity display
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Fig.6 Casting process optimization schematic: (a) before optimization; (b) after optimization; (c) single module diagram; (d) integral
pouring system
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Fig.7 The micro-elementalization results of the geometric model
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Fig.8 Simulation results: (a) solidification sequence; (b) microscopic shrinkage and porosity display
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Fig.9 Casting process hole and new ceramic core head
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Fig.11 Welding tool
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Fig.12 Investment casting process: (a) shell preparation; (b) smelting casting; (c) clear shell cutting
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Fig.13 Imaging of wall thickness: (a) before process optimization; (b) after process optimization
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Tab.2 Statistics on uneven wall thickness of pipeline
castings before and after process optimization

Average value Number of ~ Proportion of

of wall thickness  uneven wall uneven wall

deviation thickness pieces thickness pieces
Beforeoptimization ~ 0.331 mm 170 85%
After optimization 0.027 mm 6 3%
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Fig.14 Nondestructive testing results of pipeline castings after process optimization: (a) fluorescence detection; (b) pipeline
appearance; (c¢) X-ray inspection
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