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Optimization of Rotor for Hybrid Permanent Magnet Drive Motor
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Shenyang University of Technology, Shenyang 110870, China)

Abstract: [Objective] To address the problem of high costs
in manufacturing new energy vehicle drive motors caused by
the scarcity and high price of rare earth materials, this study
aims to reduce manufacturing costs by using low-cost ferrite
materials to replace some of the neodymium iron boron
permanent magnets. [Methods] Taking the U-shaped interior
permanent magnet drive motor of an electric bus as the
research object, three types of hybrid permanent magnet rotor
structures combining neodymium iron boron and ferrite were
designed. The finite element method was used to analyze the
influence of different permanent magnet arrangements on the
motor’ s output torque, reluctance torque performance, and
air-gap flux density distortion, and an asymmetric magnetic
pole arrangement structure with obvious advantages in
reluctance torque and output torque was selected. On the
premise of unchanged permanent magnet usage, multi-
parameter optimization was performed on the permanent magnet
angle, distance, and magnetic bridge spacing. Finally, used
an existing 110 kW neodymium iron boron prototype, the
motor > s back electromotive force and torque-current
characteristics were tested, and the measured data were
compared with the simulation data. [Results] Compared with
other arrangements, the single-pole asymmetric and two-pole
symmetric magnetic pole arrangement structure achieves higher
reluctance torque and output torque. After multi-parameter
optimization, the motor’ s output torque improved by 4.4% and
the reluctance torque increased by 2.5%. The experimentally
measured  back-electromotive  force and  torque-current
characteristics of the prototype shows a high degree of

agreement with the finite element simulation values.
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[Conclusion] This solution partially replaces neodymium iron
boron permanent magnets, which effectively reduces the
manufacturing cost of the motor. At the same time, through
multi-parameter ~optimization of various magnetic pole
arrangement structures, such as single-pole asymmetric and
two-pole symmetric structures, it achieves improved torque
performance without increasing the amount of permanent
magnet material used. Furthermore, experimental tests on an
existing prototype verify the correctness and accuracy of the
finite element simulation calculation method used in this
paper.

Key words: ferrite; neodymium iron boron; magnetic pole

arrangement ; multi-parameter optimization
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Tab.1 Main parameters of motor

SHAFR ZHE
BUE DI/ kW 110
HE R R/ V 400
FE FHhMi/mm 380
FEF N/ mm 270
BUEFE#/ (romin™") 1250
Uik 54
TGRSR 1) N38UH
THERA R 2 (R AR) Y34
L 3aEA 6

1 kuEERE 3 FHEFI A
Fig.1 Three arrangements of permanent magnets
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Fig.2 Schematic diagram of output torque
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Fig.3 Schematic diagram of reluctance torque
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Tab.2 Specific values of output torque and reluctance

torque for each motor

ML A/ (N-m) WEPR %4/ (N-m)
HLAL 1 838.52 246.60
HLAL 2 835.44 244.44
HLBL 3 843.00 249.70
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843 N-m, W% i1k 249.7 N-m,,

3 HHAILE BR NS S BEWE 4 s,

E4 Z=HEE#BZETEE
Fig. 4 No-load radial flux density diagram
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Tab.3 Air-gap flux density THD rate of each motor
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AL 2 24.21
L3 25.57
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5 2206 833 -11.83  839.41 251.1
6 2258 85 125 862.91 256.2
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8 2245 115 -9.17 871.69 251.6
9 2218 917 -105 846.90 251.8
5 B& IPMSM T4 REE 10 2214 1117  -8.17 848.87 251.3
Fig.5 Optimization schematic diagram of 11 222.6 983 -11.17 854.70 253.5
hybrid IPMSM rotor 12 225 10 -10 864.25 254.6
x4 RUEFRIUESER 13 223 10.17 -10.83  859.06 254.3
Tab.4 Optimization factors and their value ranges 14 225 12.83 -12.83 880.00 255.9
SRR U Y 15 2222 9.5 -9.5 849.08 252.5

a/(°) [-13, -8]

d/mm [220, 226]

w /mm [8,13]
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Fig. 6 Effects of d and w on output torque
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Fig.7 Effects of d and a on output torque
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Fig.8 Effects of a and w on output torque
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Fig.9 Effects of w and a on reluctance torque
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Fig. 10 Effects of d and w on reluctance torque
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Fig. 11 Effects of d and a on reluctance torque
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B 12 RAETERY M A

Fig. 12 Output torque before and after optimization

13 RALBISHEPESRSE
Fig. 13 Reluctance torque before and after optimization
29 255.9 Nem AR T 6.2 Nom, 359
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i RE T
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Tab.6 Comparison of dimensions before and
after optimization

e jRtai) Rt
a/(°) -8 -12.83
w/mm 10 12.83
d/mm 220 225

&7 MUBTEERAIEREX L
Tab.7 Comparison of motor performance before
and after optimization

SHHR tefkai  Pifbis  PERERRTHE 4L /%
I EEAE/ (N-m) 843 880 4.4
WERH SRR/ (N -m) 249.7  255.9 2.5

4 XIRIEIE

RSl ELA AT O T R IE R R T A Y
—& 110 kW %%3# 1 250 r/min ) 12 % 54 f#§ V
AU B IPMSM FEALIF R 35k T AR, FEAL AL
WEF- B WA 14 Fis,

14 #HIERBFEE
Fig. 14 Prototype and experimental platform
FERIL S AT BROTRCHY (9 28 s v, sh #8pi IE 435
P 15 16 B, BAREEXS e 8 o, i
%8 I FEHLAYZ SO S A RE R 265.2 V,
HRRICHR YA SUE A 268.8 V, iR22{U K 1.2% ,
W A TREBHEOR M L

15 L RETHE

Fig. 15 Line back electromotive force of the prototype
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B 16 ARTEBKREIHE
Fig. 16 Line back electromotive force of the
finite element model
SR, NITTHIE 1A FRICAE A A 80
=8 LEEHBEIL

Tab.8 Line back electromotive force comparison

T LR A/ V THD/%
RIR(E 265.2 1.03
ARG 268.8 1.97

17 HiE-BRAFEmL%
Fig.17 Torque-current characteristic curves
R9 HAE-RIRAMEXTE

Tab.9 Comparison of torque-current characteristics

FLJR/ A WRIME/(Nem) ABRIGME/(N-m) RE%

49.93 161.17 160.14 0.64
90.37 317.70 328.06 3.26
129.11 477.40 489.53 2.54
165.089 635.69 643.84 1.28
183.65 719.00 723.00 0.56
200.00 794.00 792.00 0.03
234.10 947.54 936.00 1.21
282.66 1 134.30 1 134.00 0.02
323.79 1 275.00 1 298.60 1.85
379.00 1 430.90 1 492.80 4.39
461.82 1 599.80 1 674.47 4.72
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