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Multi-objective optimization design of bearingless flux-switching
permanent magnet motor with high bearing capacity and rotor
magnetic levitation in five degree of freedom

LIANG Tongwei, ZHOU Yangzhong, SUN Kangyang
(Fujian Key Laboratory of New Energy Generation and Energy Conversion, Fuzhou University, Fuzhou 350108, China)

Abstract : In response to the design requirements of high-speed and high-load-bearing bearingless magnet-
ic levitation drive systems, a novel topology for a bearingless flux-switching permanent magnet motor with
rotor magnetic levitation in five degrees of freedom was proposed, alongside a corresponding multi-objec-
tive efficient optimization design method. Firstly, the topological structure and operational principles of
the motor were introduced. Then, considering the plethora of design parameters and optimization objec-
tives inherent in the electromagnetic performance design process, alongside the time-consuming nature of
optimization procedures involving parametric scanning in the finite element analysis approach, an efficient
optimization design methodology was devised. This methodology consolidates global sensitivity analysis,
response surface modeling, multi-objective optimization, and refined finite element optimization to ascer-
tain the optimal structural parameters of the motor. Furthermore, the electromagnetic performance of the

optimized motor was substantiated. Ultimately, an experimental prototype was developed and validated.
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The results demonstrate that, compared with the theoretical finite element analysis, the measured no-load

back-EMF fundamental amplitude exhibits a relative error of 0. 1% , while the actual output torque and

suspension force show relative errors of 1.93% and 5.75% , respectively.

Keywords : high bearing capacity ; five degree of freedom; magnetic levitation; bearingless flux-switching

permanent magnet motor; multi-objective optimization; global sensitivity analysis
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Table 3 Modeling evaluation index and results
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Table 4 Optimization results corresponding to typical weights

DAL [ AL ]

T/(Nem) T./% FJ/N FJ/% FJN n0./%

A[A, =0.25,4, =0.25 4, =0.125,A, =0.125,A5 =0.125,A, =0. 125]
B[ A, =0.125,1, =0.125,4, =0.25,4, =0.25,A5 =0.125,A, =0. 125
C[A, =0.125,1, =0.125,4, =0.125,4, =0.125 A5 =0.125,A, =0.5 ]
D[, =0.25,A, =0.125,A; =0.25,A, =0. 125 A, =0. 125, =0. 125]

E[A; =0.125,4, =0.25,15 =0.125,1, =0.25,A5 =0. 125,14, =0.125]

3.77 10.05 504.21 14.63 113.86 95.80
2.42 11.84 584.13 7.45 119.51 94.42
3.75 10.14 498.48 15.21 110.26 95.81
3.22 10.98 590.98 5.95 155.03 94.85
3.15 9.91 537.24 5.65 129.59 95.32
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Table 5 Primary structural parameters of the optimal

motor
A ik SGOV fH  HAhfE A SCOV i ffifE
Lo/ mm 5.71 5.80 | hy,/mm 541 5.30
h,/mm 6.14 5.80 I,/ mm 1.02 0.92
h/mm 1.65 1.49 | 6./(°) 14.48  15.00
k, 0.535  0.540 || B./(°) 15.75  16.65
B,/ (%) 30.72  30.97 || h/mm 5.21  5.02
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