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Table 1 Geometric parameters of model in VAR simulation

Electrode  Electrode Crucible Crucible Crucible
height/mm diameter/mm height/mm thickness/mm diameter/mm

4000 640 3200 30 720

&2 TCITHASHMESE
Table 2 Physical parameters of TC17 alloy

Parameter Value
Solid density/g-cm™ 4.50
Liquid density/g-cm™ 4.13
Solidus temperature/C 1608
Liquidus temperature/C 1665
Coefficient of thermal expansion/x10° K! 8.43
Latent heat/x10° J-kg! 222
Electrical conductivity/x10° S'm™ (25 °C) 2.33
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Table 3 Operational parameters in VAR simulation

Operation Voltage/V Current/kA Stirring current/A  Stirring period/s  Low current keeping time/min
1 30-40 6-31 15 10 4
2 30-40 8-32 15 10 10
3 30-40 6-10-31 15 10 10
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Fig.3  Variations of melting current with time under different

start-up processes
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Fig4 Temperature field distributions at ingot height of 25 mm under
three operational conditions: (a) operation 1, (b) operation 2, and

(c) operation 3
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Fig.7 Macrostructures of the ingot back-end between operation 1 (a) and operation 3 (b)
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Influence Factors of Metallurgical Quality of Titanium Ingot’s Back-End in VAR Process

Zhao Xiaohua'?, Wang Kaixuan’, Wang J inchengl, Lou Meigi?, Wang Yangyang?, Liu Peng”, Liu Xianghong2
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(2. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)

Abstract: The key factors affecting the metallurgical quality of the ingot’s back-end from the perspective of energy input (and heat dissipation) at
the start-up stage during vacuum arc remelting (VAR) process were analyzed by the numerical simulation method. The start-up stage process
parameters of the third smelting process were studied and verified by experiments. The results show that the surface temperature of the ingot
gradually increases with the prolongation of remelting time during the start-up stage, and the surface temperature reaches the highest at the ingot
height of 30 mm. By controlling the appropriate time to increase the arc current and accelerate the current rise rate, the surface temperature of the
molten pool can be significantly increased. The arc current of TC17 titanium alloy of @720 mm increases by 4 kA in the third remelting and
rapidly rises to a large current in 1 min, then the holding time of the large current is prolonged by 6 min, which can accelerate the molten pool
formation, and the mass of the molten metal is reduced by about half. The numerical simulation and experimental results are in good agreement.

Key words: titanium alloys; ingot’s back-end; start-up stage process; numerical simulation
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