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Numerical Simulations of the Casting Process of Au-Pt Alloy
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Abstract: The gravitational wave detection program provides a new and effective way of observing the universe, which
helps to reveal the basic operating laws of the universe. The production process of a Au-Pt alloy, a key component (“test
mass”) for space-based gravitational wave detection, was explored, thus compensating for the lack of research results
related to the multiscale solidification process of Au-Pt alloy castings. Macroscopic finite element calculations reveal that
the alloy melt experiences strong convection at the beginning of filling and then gradually tends to stabilize, resulting in
annular flow in the mold. During the solidification process, the temperature gradient around and at the bottom of the
casting is large, whereas the temperature gradient in the center of the casting is small, resulting in an obvious temperature
stratification phenomenon. The solidification starts from the bottom and the surrounding area to the center area. In the early
stage of solidification, a layer of fine crystals appears on the surface of the casting. During the process of the solidification
of the casting advancing inward, the columnar crystal area is formed, and finally, equiaxial crystals are formed in the center
of the region. The influence of different casting processes on the quality of castings was explored. With increasing pouring
temperature, the air gap and pressure gradually decrease, and the shrinkage phenomenon is improved. However, when the

temperature is increased to a certain degree, the improvement effect becomes less obvious. The change in pouring speed
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directly affects the kinetic energy and momentum of the alloy melt. The flow is not obvious when a low speed produces a

temperature stratification phenomenon and a grain coarsening phenomenon, whereas an appropriate increase in speed makes

the organization more uniform and denser. In addition, the heat transfer coefficient of the mold affects the solidification

time, microstructure morphology and number of grains in the sample.
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Fig.1 Casting process and modelling: (a) schematic diagram of the casting process; (b) schematic diagram of meshing
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Tab.1 Thermophysical parameters of the
Au-27 wt.% Pt alloy

Parameters Value Unit

Density 20 000 kg/m?
Liquid phase line temperature 1300 T
Solid phase line temperature 1100 T
Solute equilibrium partition coefficient 1.3~1.9 -

Coefficient of thermal expansion 5.88x10°
Solute expansion coefficient 1x10°
Dynamic viscosity 0.000 45 kg/(m-s)
Surface tension 1.3725 N/m
Latent heat 63.37 kJ/kg
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Fig.2 Curves of the thermophysical parameters as a function of temperature: (a) thermal conductivity; (b) specific heat; (c) solid

fraction; (d) enthalpy!
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Tab.2 Casting process parameters

Experimental group Casting speed Casting temperature Heat transfer Supercooling of Karyotic density
/(kg-s™) /C coefficient/(W -m?-K™") nuclei/C /m?

Original experiment 0.3 1550 700 15 7x10%
Casting speed 1 0.1 1550 700 15 7x10%
Casting speed 2 0.2 1550 700 15 7x10*
Casting speed 3 0.4 1550 700 15 7x10*
Casting speed 4 0.5 1550 700 15 7x10*
Casting temperature 1 0.3 1510 700 15 7x10*
Casting temperature 2 0.3 1530 700 15 7x10%
Casting temperature 3 0.3 1570 700 15 7x10*
Casting temperature 4 0.3 1590 700 15 7x10%
Heat transfer coefficient 1 0.3 1550 300 15 7x10°
Heat transfer coefficient 2 0.3 1550 500 15 7x10°
Heat transfer coefficient 3 0.3 1550 900 15 7x10*
Heat transfer coefficient 4 0.3 1550 11 00 15 7x10%
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Fig.3 Velocity contour maps of the casting process at different times: (a) 0.7 s; (b) 3.1 s; (¢) 7.1 s;(d) 11.2s; (e) 14.8 s
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Fig.4 Temperature field distributions of the casting solidification process at different times: (a,~as) temperature field distributions;
(b,~bs) temperature gradient field distributions
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Fig.5 Solidification sequence and evolution of microstructure morphology: (a;~as) solidification sequence, where the different colours
indicate the solid fraction; (b,~bs) microstructure evolution, where the different colours indicate the crystal orientation
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Fig.7 Variations in the air gap and stress at different monitoring points under different casting temperatures: (a,) air gap at point 1;
(a,) air gap at point 2; (a;) air gap at point 3; (b,) stress at point 1; (b,) stress at point 2; (b;) stress at point 3
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Fig.8 Shrinkage produced at different casting temperatures: (a) 1 510 C; (b) 1 530 'C; (c) 1 550 'C; (d) 1 570 C; (e) 1 590 'C
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Fig.10 Effect of different heat transfer coefficients on the microstructure: (a) 300 W/(m?-K); (b) 500 W/(m?-K); (¢) 700 W/(m?-K);
(d) 900 W/(m?-K); (e) 1 100 W/(m?-K)
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