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Study on the Influence of New Type of FeCo-Based Combined Magnetic

Pole on the Electromagnetic Performance of In-Wheel Motors
TAO Dajun”, WANG Haixiang, ZHOU Jie, XI Chengtong, JIANG Hongyu

( National Engineering Research Center of Large Electric Machines and Heat Transfer Technique,

Harbin University of Science and Technology, Harbin 150080, China)

Abstract: [Objective] In-wheel motors have compact space
and harsh heat dissipation conditions, and the interior
permanent magnets are highly susceptible to irreversible
demagnetization under high temperature and large armature
current surges, which seriously threatens the reliability and
performance of the motors. To address this issue, this study
designs a new type of FeCo-based combined magnetic pole to
improve the anti-demagnetization ability and comprehensive
electromagnetic performance of in-wheel motors. [Methods ]
Firstly, the effects of different temperatures and armature
currents on the demagnetization characteristics of motor
parmanent magnet were systematically analyzed, and the
easily demagnetized area of permanent magnet was
determined. Then, a new type of high coercivity FeCo-based
material was used to replace the traditional NdFeB in the
easily demagnetized area to form a combined magnetic pole.
The effects of different combination ratios of FeCo-based and
NdFeB in the combined magnetic pole on the electromagnetic
performance were investigated through simulation, and the
optimal combination ratio of FeCo-based and NdFeB was
determined. Finally, the electromagnetic performance of
single magnetic pole motor and combined magnetic pole motor
was compared and analyzed. [Results] The motor with
combined magnetic pole performed better in various aspects
such as rated torque, peak torque and efficiency. At an
operating temperature of 110 °C, the rated torque of the

combined magnetic pole motor increased by 4 N -m, peak

BEE&WE: BIRiTE A AREIESE (LH2023E084)
Natural Science Foundation of Heilongjiang Province, China

(LH2023E084)

torque increased by 7 N + m, and maximum efficiency
increased by 0.4% compared to the single magnetic pole
motor. At a high temperature of 160 °C, the rated torque of
the combined magnetic pole motor increased by 8 N - m,
torque fluctuation decreased by 0.8% , and peak torque
increased by 14 N-m compared to the single magnetic pole
motor. At peak conditions, the ecritical demagnetization
temperature of the combined magnetic pole was 15 °C higher
than that of the single pole motor. [ Conclusion] The
designed new type of FeCo-based combined magnetic pole
effectively enhances the anti-demagnetization ability of the
motor under high temperature and high current operating
conditions, and significantly improves the comprehensive
electromagnetic performance of the motor, providing an
effective technical approach to solve the problem of easy
demagnetization of in-wheel motors at high temperatures.

Key words: in-wheel motor; FeCo-based permanent magnet;
anti-demagnetization  ability;

combined magnetic pole;

electromagnetic performance
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Tab.1 Basic parameters of motor

SR ZHUE
HUEDIR/ kW 40
() 5%/ kW 230

BUERE/ (romin™") 1720
WA/ (romin™") 6 000
RO /mm 60
FE TR 144
CERIIR %A 24
HIE HLIRL/ A 96
V(A LT/ A 240
K AR/ mm 4.2
B BRE L E/V 920
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Fig.1 Structure of in-wheel motor
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Tab.2 Comparison of performance parameters of
permanent magnet materials at 25 °C

SRR Bl RS iz

ay /(% CT) 0.13 0.08 0.04
B,/ (%= C™) 0.5 0.45 0.22

L FH R/ (u+ m) 1.33 1.34 0.75
SHEK/(Wem™ KT 7 4.98 10
B/ (grem™) 7.6 7.3 8.4

B KHEREFY MGoe 35 32 25

B 11/ koe 20 22 29
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Fig.2 Trends of coercivity and remanence with

temperature for three permanent magnet materials
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Fig.3 Demagnetization cloud maps at
different temperatures
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Fig.4 Demagnetization cloud maps at different

armature current amplitudes
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5 HAHRERSTRE

Fig. 5 Combined magnetic pole equivalent analysis model

E 6 HEHREHEENSKEEGRE
Fig. 6 Remanence density and air-gap field

waveform of combined magnetic pole
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Fig.7 Effect of combination ratio on air-gap
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Fig. 8 Demagnetization cloud map at extreme
operating condition
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Fig.9 Schematic diagram of combined magnetic pole

4 RUBTEREMERTR

4.1 TERETBIIERERAR

XTLH B R LS A5 8 B — R FELPIL I LR
PERESEATXF FL AT, 110 °C TAEIRE T PiRhaE
AL A BRI 2 U Y 800 B L T DA S e (i
FEIHE A3 10~ & 12 FioR .,

10 110 ‘CH PR KPR R R
Fig. 10 Air-gap flux density waveforms of
two motors at 110 °C
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Fig. 11 Electromagnetic torque waveforms of
two motors at 110 °C
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B 12 110 “CH AT LRI B 5% 55 R 7
Fig. 12 Peak torque waveforms of two motors at 110 °C
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Tab.3 Electromagnetic performance parameters at 110 °C
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Fig. 13 Air-gap flux density waveforms of two
motors at 160 °C
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Fig. 14 Electromagnetic torque waveforms of
two motors at 160 °C
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Fig. 15 Peak torque waveforms of two motors at 160 °C
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Tab.4 Electromagnetic performance

parameters at 160 °C

SRR AL AR L
TP RV 147 137
BRI RIE /T 0.684 0.601 4
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Fig. 16 Demagnetization cloud maps at peak

operating condition
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Fig. 17 Demagnetization cloud maps at the

moment of short circuit failure

HITET 17 (a) AT, 7RSI AL AL 2 6.1 £ 40
FEHLUIN 25 R Y VB RE A IE A DX TR
A TARRIGR R, IR B 0.5% |, NI &
AR B I PR AR RS RO 6.1 1%, M 17 (D)
AR TEAII L IS B 5 A5 ATUE FL TR I B — R
f v BUREAR I AR DX B R A A T AN TR R
IR G4 0.5% , PRI B — R 114 i S AR 0 Pl U
FEECH 5 % T UL, 205 RE R H ALKE Il R
BEHLTEARTE T 149 A,
4.5 ARXEHERERATHR#EENHAR

N T R AR AR R T B BTIR RERE T
FPIA R LR il T R RS R T T, LUR
T XS B R )V BRI A0 3 78 A 25 2 0 42 IR
BERAIE R A BOALE 7S A 18 ik,

E 18 BEFiEsrEE
Fig. 18 Schematic diagram of demagnetization
feature point
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B 19 A/RUREMBHITIAEESHE
Fig. 19 Magnetic flux density distribution of

demagnetization feature point of the combined magnetic pole
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Fig. 20 Magnetic flux density distribution of

demagnetization feature point of the single magnetic pole
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