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Fig.1 Calculation model
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Table 1 VAR process parameters

di/mm  Thickness/mm I/A N dg/mm U/v

100 10 75 31 60 30

Note: di-inner diameter, N-number of turn, dg-electrode diameter
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Table 2 Physical properties of material

Model parte Resistivity/Q-m™ Relatively, u
Electrode and Ingot 1.9x10° 1
Crucible 2.0x10°8 1
Arc zone 3.5x107 1
Air +00 1
Coin 2.0x10° 1
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Fig.2 Distribution of the electric current density
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Fig.3 Vector distribution of current density at the surface of

the molten pool
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Fig.4 Current density at the surface of the molten pool in

different directions
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Fig.5 Distribution of the self-induced magnetic flux
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Fig.6 The self-induced magnetic flux at the middle part

of mould
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Fig.7  Magnetic field at the surface of molten pool without coil

(a) and with coil (b)
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Fig. 8 Vector distribution of Lorentz force in cast ingot (a) x-y plane without coil, (b) x-y plane with coil, (c) x-z plane without coil, and

(d) x-z plane with coil
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Fig. 9 Macrostructure of ingot cross direction with coil
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Numerical Simulation of Electromagnetic Stirring during Vacuum Arc Remelting

Wang Binbin, Chang Hui, Li Jinshan, Wang Jincheng, Kou Hongchao, Hu Rui, Zhou Lian
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In the present paper, 3-D numerical simulations of electromagnetic stirring during vacuum arc remelting (VAR) were conducted
by using the ANSYS software to study the distribution of remelting current, magnetic field and Lorentz force. The effects of coil on
magnetic and Lorensz force were also discussed. The results show that the current flows during VAR from crucible wall to the electrode
via the surface of the ingot melt pool, and the currents in the crucible base and the ingot base are almost zero. The magnetic field inducted
by remelting current is axisymmetric and rounding, and the magnetic flux density along radial direction increases to a maximum value
near the edge of the electrode and then decreases. The magnetic field in ingot inducted by coil is parallel to the symmetry axis and the
magnetic flux density is nearly uniform. The Lorentz force of coil could circumrotate the ingot melt pool.
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