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Fig.1 Schematic diagram of VAR process™ (a); computational domain analysis of the unsteady behavior of the VAR process (b)
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Table 1 Physical properties of Ti60 alloy

Parameter Value
Liquid density/kg m™ 4120
Solid density/kg m™ 4650
Vol. Exp. Coeff./<10° K* 3.22
Solidus temp./K 1780
Liquidus temp./K 1962
Latent heat/<10° J kg™ 35
Electrical conductivity/>10° S m™ 76
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Fig.2 Physical properties of Ti60 alloy at different temperatures
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Fig.4 Comparisons of numerical simulation results with actual ingot casting results: (a) the depth of shrinkage; (b) distribution of Zr in ingots

obtained by simulation; (c) simulation and experimental results of Zr concentration at the top cross-section
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Fig.5 Evolutions of the temperature field and velocity field in the VAR process
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Numerical Simulation of Melt Convection and Macrosegregation of Ti60 Alloy Ingot
During the Vacuum Arc Remelting

Dai Yi*?, Cao Jianghai®, Qin Yuman? Li Wei?, Hou Zhimin? Zeng Weidong®*
(1. School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Western Titanium Technologies Co., Ltd, Xi’an 710201, China)

Abstract: Vacuum arc remelting (VAR) is one of the most commonly used methods for the production of titanium alloy ingots. Due to the high
temperature and opacity of the melting process, it is difficult to experimentally study the fluid flow behavior and macrosegregation during the
melting process. Based on this, the VAR melting process of Ti60 high-temperature titanium alloy was studied by numerical simulation method.
The effects of melting current and magnetic field stirring intensity on fluid flow behavior and macrosegregation were also discussed. The results
show that the molten pool shape changes gradually from “flat” to “V-shaped” when VAR melts titanium alloy. At the end of solidification, the
content of Zr elements in the bottom and edges of the ingot is low, and the content in the center and shrinkage cavity is high. The Lorentz force
generated by the melting current makes the melt flow counterclockwise, and the larger the melting current, the more intense the melt flow. At the
same time, it also leads to more severe macrosegregation at the ingot center and riser. The Lorentz force generated by the stirring magnetic field is
applied to the whole molten pool, which not only promotes the flow of melt in the upper part of the molten pool, but also facilitates the flow of
melt in the lower part of the molten pool, and also leads to more serious macrosegregation in the ingot center and shrinkage cavity. When there is
no stirring magnetic field and the stirring magnetic field is large, the Zr element will produce more serious macrosegregation in the ingot. In order
to effectively control the occurrence of macrosegregation defects in VAR melting titanium alloy, small melting current and appropriate stirring
intensity should be adopted.
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