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Field-circuit coupled analysis of in-wheel motor for hybrid electric vehicle

Ni Hong
(Vehicle Application Department, Fujian Chuanzheng Communications College, Fuzhou 350007, China)

Abstract; A field-circuit coupled analysis method of in-wheel motor for hybrid electric vehicle was

presented to analyse the characteristics of hybrid electric vehicle in-wheel motor. A finite element

model of electromagnetic field was directly coupled with the external circuit, which takes into

account of the influence of the current harmonics in the external circuit. The analysis results were

found to be more consistent with the actual situation. The characteristics of air gap flux density and

load induced potential of hub motor, and the loading, unloading and de-loading of in-wheel motor

were analysed and simulated, which were verified by prototype test. The experimental results were in

agreement with the results of field-circuit coupling method.

Keywords: permanent magnet synchronous motor ( PMSM) ; finite element; field-circuit coupled

analysis; vector control strategy; co-simulation
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Fig.1  Co-simulation flowchart of in-wheel motor

field-circuit coupling model
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Tab.1 Main parameters of in-wheel motor
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Fig.2 Schematic of in-wheel motor
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Fig 3 Mesh section of electric motor
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Fig.4 Magnetic coil (field) distribution diagram
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Fig.5 Magnetic flux density
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Fig.6 No-load back-EMF curve
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Fig.7 Air gap flux density curve
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Fig.8 Phase current curve of no-load starting process
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Fig.9 Induction voltage curve under rated

load condition
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Fig.10 The test bench of in-wheel motor

B AR A5 F AL S U 3h B85S 2 3 600
v/min, & 11 25 1 05 557 5 it 28 0 52 e i %
L, 7 FLAE 5 L il E Re e B W & . fr
iR E 5 MR ALA N R 120 N - m, R )5 1
HIZZE 80 N - m, HIMLUEM I REANIA 12 o, th
Bl 12 7] DA O Bt Lo mn s o th ot i a) B
RERSRLAF VI, TE WIAS SCHEST (19 3 B R 17 B
TR IERA PR, AT DAAR A ALL A i TR 40

700

6001

e WA

£
g 400}
&
~ 300}
o
200+
100} /
0

0 50 100 150 200 250 300
t/ms

11 EylEE
Fig.11 Speed of in-wheel motor
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Fig.12 Electromagnetic torque graph of in-wheel motor
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