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Analytical Calculation and Optimization Design of Central Partially-
Segmented Halbach Permanent Magnet Synchronous Hub Motor

GAO Fengyang, LI Mingming, QI Xiaodong, YANG Qiaoli, TAO Caixia

(School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: A main magnetic pole central partially-segmented structure is proposed to solve the
problem of large torque ripple and eddy current loss in permanent magnet synchronous hub
motor. Halbach magnetizing method is adopted for permanent magnets, the central parts of the
main magnetic poles are segmented. and the boundary magnetic poles are not equal in thickness
and width to the main magnetic poles. Firstly, an analytical model is constructed in the two-
dimensional polar coordinate system, and the air gap magnetic density and torque of the analytical
model under no-load, current source excitation and load are calculated by using the accurate
subdomain model method. Secondly, a 10-pole and 12-slot permanent magnet synchronous motor
model is established and verified by finite element simulation, and a hierarchical optimization
method is proposed to optimize the motor structure parameters, so as to reduce the air gap
magnetic density total harmonic distortion rate, cogging torque and eddy current loss of the
permanent magnet synchronous motor. Finally, the electromagnetic performance is compared

with that of eight permanent magnet synchronous motor models. The results show that the
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hierarchical multi-variable multi-objective optimization algorithm improves the optimization

efficiency and accuracy. Cross-shaped central segmented Halbach PMSM significantly reduces

eddy current loss, which is beneficial to overload operation of traction motor. H-type central

segmented Halbach PMSM significantly reduces torque ripple, and improves electromagnetic

torque and the stable operation ability of the locomotive.

Keywords: permanent magnet synchronous hub motor; torque ripple; eddy current loss; central

partially-segmented structure; multi-objective optimization
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Fig. 1 Analytical model of Halbach PMSM with main

magnetic pole central partially-segmented
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Table 2 Main structural parameters of cross-shaped Halbach

PMSM with main magnetic pole central partially-

segmented
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Table 6 Eight permanent magnet structures
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Table 7 A comparison of nine motor structures after optimization

T W 235 He) 2 A1
Xt L8 bR
S1 S2 S3 S4 S5 S6 S7 S8 S9

B AR ) B R S R EL/ T 1.160 1.198 1.133 1.075 1.116 1.092 1.058 1.096 1.044
0 B8 T A T S 0k R R/ U6 27.15 25.76 28.75 21.13 18.47 16.24 21.95 19.86 18.56
WAl S W I (. T ooy / (N m) 6. 50 5.56 6.16  4.26 5. 80 3.26 3. 82 5.42 3.06
W FE P /W 244.50  69.50 207.99 104.65 121.28 64.73 91.11 104.63 46.43

PO KR AR A RIS A FE Prer.u/
886.90 223.36 774.31 553.39 560.28 217.71 492.79 494.85 164.53

(mW « ecm ™ ®)

HEEFESE T./ (N« m) 43.43  45.39  42.93  40.70 41.88 42.20 40.28 41.43  40.96
AR R To/(mN » m » cm ™) 157.41 145.74 159.64 215.34 193.54 141.99 217.85 195.92 145.15
e ksl T./ % 11.09 10.10 11.47 11.87 7.56  10.06 12.85  7.35  10.36
KRR BARF V/em? 276.97 311.44 269.10 189.02 216.42 297.18 184.88 211.45 282.20
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