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Analysis of Anode Thermal Process of Vacuum Switch Arc
with CuCr Alloy Electrode

LIU Xiaoming'", WANG Yufan', CHEN Hai', SHI Hongfei', CHEN Junping’, ZHOU Qin’
(1. State Key Laboratory of Reliability and Intelligence of Electrical Equipment, School of Electrical Engineering, Hebei University of
Technology, Tianjin 300401, China; 2. Chengdu Xuguang Electronics Co., Ltd, Chengdu 610500, China)

Abstract The main component of the vacuum switch arc is the metal vapor generated between the electrodes
during the fault current breaking process, and the micro dynamic behavior of the vacuum arc directly affects the
breaking ability of the switch. In this paper, the two-temperature magneto hydro dynamic(MHD) model of vacuum
arc is established to study the anode thermal process of vacuum switch equipped with CuCr alloy contact electrode
of different proportions under fault current interruption, and the distribution of anode surface temperature and
melting pool range along the radial and axial direction is obtained. The simulation results indicate that the increase
in the breaking fault current and Cu content in the electrode alloy will lead to the increase of energy flow density for
the input anode. Under 200 A arc current, the surface temperature of the anode did not reach the melting point of
CuCr alloy and did not melt; Under 6 kA arc current, the anode temperature reached the melting points of Cu and Cr
successively, and the melting degree of the electrode weakened with the increase of Cr content in the alloy.
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( research object: anode thermal process of vacuum dielectric switch )

cause of ablation:
vacuum arc effect
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physical description of
metal vapor in vacuum
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ideal gas state equation: p=nkT

mach number: M,
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fluid dynamics description
of vacuum medium arc

electrical neutrality: debye length

continuity: knudsen number
liquidity: reynolds number

mass-conservation equation
momentum conservation equation
energy conservation equation

maxwell’s equations and
generalized ohm's law

magnetic diffusion equation
and total ohm's law

vacuum arc dual temperature
magnetohydrodynamic model

particle number density n
temperature 7'
particle mass m

cucr material

physical parameters of i

energy flow
i density

heat
source
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anode thermal
process model

the phase transition process of electrode materials follows the
mass conservation equation, momentum conservation equation,
and energy conservation equation

anode surface temperature 7, melting radius R,depth H,
melting volume } and mass m
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Fig.2 Physical model of vacuum arc
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Scheme for analyzing the anode thermal process of vacuum arc
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Fig. 3 Physical model of anode thermal process
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