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Study on the Numerical Simulation Technology of Y-tube Investment Casting
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Abstract: Y-shaped tubes are key to the service life of spacecraft fuel delivery pipelines. Three-dimensional modelling
software was used to conduct geometric modelling and structural analysis of the Y-shaped tube, of which the overall wall
thickness was thin, and the three flanges and convex position were thick, leading to difficulty in filling the mold and the
tendency to form cold shuts and other casting defects. The ProCAST simulation software was used to numerically simulate
the Y-shaped tube during the investment casting process. By setting different pouring temperatures and mold shell
temperatures, the metallurgical quality of castings under different process parameter schemes was studied and compared.
The optimal process parameter scheme was selected to further improve the service life of the Y-shaped tube. The
simulation results show that when the pouring temperature is 1 650 ‘C and the mold shell temperature is 350 C, the
porosity of the casting is the smallest (1.42 cm®) at a 3% ratio, and the metallurgical quality of the casting is the best. The
experimental verification of the process parameter scheme was then carried out. Through DR verification, a casting meeting
the requirements of the relevant technical agreement is obtained, and the experimental results are consistent with the
simulation results, which verifies the feasibility and accuracy of the simulation results.
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Fig.1 Schematic diagram of geometric model
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Fig.2 Schematic diagram of wall thickness
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Tab.1 Chemical composition of the ZTC4 alloy

(mass fraction/%)

Major element

Impurity content, =

Ti Al \Y% Fe Si

Other
N H (0]

Singular Total

Matrix 6.2 35 0.31 0.14

0.04 0.014 0.17 0.10 0.40
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Tab.2 Process scheme for the test

Testplan  Pouring temperature/'C  Mold temperature dropping/C
1 1750 350
2 1750 400
3 1750 450
4 1700 350
5 1700 400
6 1700 450
7 1650 350
8 1650 400
9 1 650 450

FoH 30% ), PR RGP IR e 8 T i ek e
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Fig.3 Thermophysical parameters of the ZTC4 material: (a) density; (b) thermal conductivity; (c) enthalpy; (d) specific heat
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Fig.4 Schematic diagram of the Y-shaped pipe pouring system
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Fig.5 Schematic diagram of the mesh of the Y-shaped
tube model
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Fig.6 Schematic diagram of the filling process of titanium alloy Y-shaped tubes: (a) filling 30%; (b) filling 50%; (c) filling 70%;
(d) filling 100%
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Fig.7 Distribution diagram of the isolated liquid phase zone in
the castings
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Tab.3 Volume of shrinkage porosity in castings under
different test plans at a 3% ratio

Loose volume/cm®

1.64

221

1.45

1.64

1.93

1.65

142

1.82

1.88
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Fig.8 Schematic diagram of shrinkage porosity distribution in castings under different experimental schemes: (a) plan 1; (b) plan 2;
(c) plan 3; (d) plan 4; (e) plan 5; (f) plan 6; (g) plan 7; (h) plan &; (i) plan 9
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Fig.9 Distribution of misrun in the casting of plan 9
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Fig.10 DR image of the casting
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Fig.11 Physical image of the castings
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