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Design and Optimization of Magnetic Shielding Structure for Multi-channel Parallel Vacuum
Circuit breaker
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(1. State Key Laboratory of Advanced Electromagnetic Technology (Huazhong University of Science and Technology), Wuhan
430074, China; 2. Key Laboratory of Pulsed Power Technology Ministry of Education, School of Electrical and Electronic Engineer-
ing, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Multi-channel parallel connection is a trend of vacuum circuit breaker(VCB) at generator outlet, and the
proximity effect and magnetic arc blow caused by parallel connection affect the VCB’s breaking capability. First, finite
element simulation of 6-way parallel VCB is conducted, and the proximity effect of contact plate caused by transverse
magnetic field(TMF) from neighboring road and the TMF distribution in cross-section of the arc during breaking are ana-
lyzed. To shield the neighboring TMF, a non-uniform thickness aluminum shielding cover is designed, and the distribution
of magnetic field and eddy current loss of aluminum shielding cover are also investigated. Second, the radial basis func-
tion neural network (RBFNN) model is constructed in which the thickness at the opening of the shielding cover, the
thickness in the middle, the radius and the length of the shield are taken as inputs, and the radial asymmetry of the TMF
distribution of the arc cross-section and the eddy current loss of the shielding cover are teken as outputs; moreover, the
shielding cover structure is optimized by non-dominated sorting genetic algorithm-II (NSGA2). It is shown that the
shielding cover has better shielding capability and smaller eddy current loss when the thickness at the opening is 14.50 mm,
the thickness at the center is 5.53 mm, the radius is 110.12 mm, and the length is 258.81 mm. Finally, the transient shield-
ing capability of aluminum shielding cover during the VCB breaking is tested, and it is shown that aluminum shield has
good shielding capability for TMF of three-phase short-circuit fault breaking.
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Table 1 Material parameters of VCB finite element

simulation model
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Table 2 Key dimensions of VCB model
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Table 4 Eddy current loss and radial asymmetry of magnetic

field for different parameters of shielding cover
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1 5 5 110 150 05177 2538
2 5 5 110 200 0.364 9 39.45
3 5 5 110 300 0.1610 59.69
4 5 5 120 150 0.541 8 27.83
5 5 5 120 200 0.404 3 42.81
6 5 5 120 300 0.1953 64.80
7 5 5 130 150 0.565 4 29.94
8 5 5 130 200 0.444 5 45.99
9 5 5 130 300 02299 69.51
10 5 10 110 150 0.528 7 25.02
11 5 10 110 200 0.368 4 36.37
12 5 10 110 300 0.165 1 52.76
13 5 10 120 150 0.5449 27.27
14 5 10 120 200 0.409 9 39.51
15 5 10 120 300 0.198 2 57.38
16 5 10 130 150 0.564 5 29.12
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224 30 30 120 200 0.4249 56.25
225 30 30 120 300 0.2200 80.02
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Table 5 Comparison and test of optimization effect
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TehEw R 0.668 9 0
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