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Abstract. Large-sized, thin-walled ZTA1S5 titanium alloy castings with variable cross-sections have broad application
prospects for complex aeroengine nozzle components. However, owing to variations in wall thickness, the casting process
faces challenges such as incomplete filling, nonuniform temperature distribution, and solidification defects. ProCAST
software was employed to perform numerical simulations to optimize the casting process of the thin-walled ZTA15
components. The effects of different gating system designs on the temperature field, flow field, solidification behavior, and
microstructural evolution were systematically analysed. The results reveal that conventional central and radial cross-runner
systems tend to generate high-temperature hot spots, leading to uneven solidification and a concentration of shrinkage
cavities and porosity defects. In contrast, the optimized-side auxiliary runner system effectively improves the uniformity of
the temperature and flow fields through flow diversion and feeding, reduces molten metal impact, and minimizes gas
entrapment and slag inclusion. Consequently, shrinkage and porosity defects are redirected into the gating system. The
simulated microstructures indicate that the optimized design promotes a more homogeneous microstructure.
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Tab.1 Chemical composition of the alloying elements and
impurities in the cast alloy
(mass fraction/%)

Al V. Mo zr Fe Si C N H O Ti
6.60 2.32 184 236 0.14 032 0.008 0.005 0.001 0.11 Bal.
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Tab.2 Dimensions of the gating system after optimization

Central sprue  Radial cross-runner ~ Side runner  Auxiliary runner
diameter/mm /mm aperture /mm aperture/mm
90 60x40 40 30
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Fig.1 Comparison of the two gating systems: (a,, a,) oblique view and side view of the central and radial cross-runner system,
respectively; (b, b,) oblique view and side view of the optimized side auxiliary runner system, respectively
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Tab.3 The main nucleation parameters adopted in the
continuous nucleation model

Nucleation parameters AT,../K AT, /K N
Planar nucleation 1 0.1 1.0x10°®
Bulk nucleation density 50 2.0 9.0x10"

SRR A — R R BE T AR R Y A 1K 58
RE VB Z R TS R T FRR R
v(AT) =, AT+ AT 3)
Kb (AT R SRS G 1 A KR s A WA
IR S A SR X F ZTALS 54, &
AT AE Ry
v(AT)=4.039x10°AT+1.091x10°AT2  (4)
SE TR = de LTRSS AL | 2545 S B B i AL 5%
[ JREJE ARG R B8, vy T W e AL 52 R OT R A
XA K R SERE R AT S 4] 43, B DR S5 (R AE LA
R M AL S e RS EAN R TE RS
SAFT RIS (TR b | o B b | ] i AR DA
45 L5 26 B Gl B O T MRS R A 7400, — A 4R
WIGETE R G A BT X B [ 20 2L AL g 2 e, S0
R TSN R 4 PR

2 BHREIRRSZAUEUER SR

21 REFELERBREZSW

AN ) 58 1 28 G0 X 55 4 10 308 38 4 A 11 5 i b 2
WA 2a~a, BT, fE R “HLGBe il + KR A e il
R (K 2), AW FEEBLPORELEA IS
DK R B 43 U 1) B AR 25 R AL e TR R
O X IR BE AR AT 1600 °C B At (G B R 5 i
RE 1 5B AL BB BE K, SR B iR B RE & 1 400 C

% 4 ProCAST S BERTEMNSH
Tab.4. Simulation parameters used in the finite element
simulation of the casting process with ProCAST

Pouring Initial mold Heat transfer ~ Solidus Liquidus
temperature temperature  coefficient temperature temperature
/'C /'C /(W-m?-K") /C /C
1725 300 750 1 443 1684
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Fig.2 Temperature field evolution during the filling process for different gating systems: (a,;~a,) central and radial cross-runner system;
(b~by) optimized side auxiliary runner system
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Fig.3 Flow velocity field during the filling process for different gating systems: (a,~a,) central and radial cross-runner system;
(b~b,) optimized side auxiliary runner system
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Fig.4 Solidification process during the filling process for different gating systems: (a,;~a,) central and radial cross-runner system;
(b,~b,) optimized side auxiliary runner system
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Fig.5 Distribution of shrinkage porosity in castings under different gating systems: (a,, a,) central and radial cross-runner system;
(by, b,) optimized side auxiliary runner system
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Fig.6 Simulated microstructures of the casting produced with the central and radial cross-runner system: (a) microstructure along the
casting wall; (b) local microstructures in regions M1-M4
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Fig.7 Simulated microstructures of the casting produced with the optimized side auxiliary runner system: (a) microstructure along the
casting wall; (b) local microstructures in regions C1-C4
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