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Field-circuit coupled analysis on in-wheel motor of electric vehicle

ZHANG Heshan®. DENG Zhaoxiang™", ZHANG Yu*, TUO Jiying*, YANG Jinge*
(a. College of Automotive Engineering; b. The State Key Laboratory of Mechanical Transmission,
Chongging University, Chongqing 400044, P.R.China)

Abstract: Aiming at the fact that the circuit simulation and electromagnetic analysis method is difficult to
accurately take into account the magnetic material permeability nonlinearity, and the finite element method
is difficult to analyze the external circuit with non-standard sine excitation, we use the field-circuit coupling
method to analyze the efficiency of in-wheel motor for electric vehicle, solve the electromagnetic field finite
element equation and the external circuit equation together, and consider the influence of nonlinear factors
such as time harmonic current on the magnetic field, to realize the direct coupling of the electromagnetic
field quantity and the electrical quantity. The coupling equations of the electromagnetic field and the
external circuit of the in-wheel motor, the equation of motion and the power loss are derived, and the load
induced electromotive force and power loss are calculated, the difference between the finite element method

and the field-circuit coupling method is compared, then the distribution of power loss density is
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studied. The efficiency characteristics of the motor under different working conditions are calculated by
finite element method and the field-circuit coupling method respectively, and the results show that the
field-circuit coupling method is more accurate and the correctness of the analysis method is proved.
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Fig.1 Coupled circuit diagram of in-wheel motor
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Table 1 Main parameters of in-wheel motor
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Fig.2 Prototype of in-wheel motor
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Fig.3 Stator winding connection diagram
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Fig.4 Comparison of load induced electromotive force
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Fig.5 Loss curve at rated operating condition
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Fig.6 Distribution of motor loss at rated operating conditions
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Fig.7 Test platform of in-wheel motor

P 8 O UE e N AE D) R R S B ILRCR SRR Y SC R i 4. T DUFE A IR IX, A ALASCR AL, Y
¥y 200 v/min WF 28RN 75,26 Vo 5 B B R, B HLACR SE T RS FEAIR L AE 1 000 r/min B, B BLRK R
BN 91,41 0 s fEVEELAE IS L s AILACR 902106, B8 AN I 2 v 37 B M 4 ik A5 S 6 I X (L 84600 T W 3
A RT3 23 D 5 5 T 1R T 280 R T 30 DAL AURE TR o R RE P B

N - 901 ~+ WA oLk
os |~ BATRIEE pg -4l
-~ FEAA 88 A Gl
- SLEWIE = LR
= 86
- ,"—-— ~.*.-—. - ! oo,
90 s - v gal v »
s | A ad <820
£ £ of
&85 / X- 80
/" & 78
8o+ A 76
4
4 741
75 1 1 1 1 1 1 72 i | | | | | | ’V
70
200 400 600 800 ' 1000 1200 1400 50 100 150 200 250 200
B/ (r + min™) ¥/ (r - min™)

B8 HIEHESHENRETHIAXRERENXER
Fig.8 Relationship between efficiency and
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