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3D Optimization Design and Realization of the Asymmetric Cusp Magnetic Field
JIAO Shangbin, LIU Ding
(Faculty of Automation and Information Engineering, Xi’ an University of Technology, Xi’ an 710048, China)

Abstract; In this paper, the requirements of the intensity and distribution of cusp magnetic flux density
to control the convection are analyzed according to the type and distribution area of this convection in cru-
cible, on the basis of which the optimization design goal is proposed. The simulation model of cusp mag-
netic field is built by the finite element with three dimension (3D) modeling method. The established
model is used to contrast the effect of symmetrical structure and asymmetric structure upon the magnetic
field shape distribution and also to analyze the magnetic field longitudinal layers, shield body thickness
and the effect of up-and-down coil distance upon magnetic flux density, magnetic field shape and magnet-
ic field power in the case of the fixed horizontal layers of asymmetric cusp magnetic field coils, so as to
optimize magnetic field structure. Magnetic field is generated in terms of optimized structure parameters,
and also, the experimental test is conducted. The results indicate that asymmetric cusp magnetic field
shape distribution is found to be in coincidence with the designed results whereby testing that 3D optimal
modeling method is of validity.
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Fig.3 The shape distribution of the magnetic field in the crucible wall when the ratio of top-and-down coils is 1:2
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Fig. 4 The shape distribution of the magnetic field in the crucible wall when the ratio of top-and-down coils is 2:3
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Fig.5 The shape distribution of the magnetic field in the crucible wall when the ratio of top-and-down coils is 1:1
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Tab.1 Magnetic field influence of different top and down coil layers
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R A 700 680 680 650 650 630
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Tab.2 Magnetic field influence of different distance top and down coil
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Tab.3 Magnetic field influence of shield thickness
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