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Vertical dynamic characteristics of electromechanical coupling
of in-wheel motor drive system for electric vehicle
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Abstract: Due to the double action of road excitation and vehicle weight, the stator and rotor of the in-wheel
motor (IWM) for electric vehicles (EVs) are relatively eccentric, thus generating an unbalanced magnetic force
(UMF). When the vertical component of UMF is coupled with the vertical vibration of the suspension system of

the vehicle, the ride comfort and other properties of EV are affected. To study this electromechanical coupling
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problem, by taking a permanent magnet IWM as the research object, the vertical dynamic characteristics of
electromechanical coupling of an IWM drive system for electric vehicle were investigated. Firstly, the air gap flux
density distribution of IWM under load was obtained by superposition method of magnetic field. By introducing
complex relative permeance and correction coefficient of permeance when the motor was eccentric, analytical
models of the eccentric magnetic fields of IWM and UMF were obtained with the stator slotting effect taken into
account, and the validity of the analytical models was verified by finite element simulation and prototype test.
Then, according to the real-time coupling relationship between the vertical vibration of the suspension system and
the eccentric UMF of IWM, the dynamic equation of the vehicle was solved by using the Lagrangian method, and
the vertical coupling vibration model of a quarter car body was established. Finally, taking the vertical vibration
acceleration of the stator of IWM, the vertical vibration acceleration of the car body, the dynamic deflection of the
suspension and the dynamic load of the tire as the main indexes, the effect of electromechanical coupling on the
vertical dynamic characteristics of EV was studied, and the mechanism of electromechanical coupling between the
output characteristics of UMF and dynamic response of EV was revealed. The results show that the
electromechanical coupling effect impairs the ride stability, operation stability and safety of EV.

Keywords: in-wheel motor; magnetic gap eccentricity; electromechanical coupling; unbalanced magnetic force;

vertical dynamic characteristics
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Fig. 1 Distribution of magnetization of permanent magnets

1o B ACE R TRIRE ., B2 5 p SRR, O R B AR 0 L 0 R 20
A, JU 1) ) 1S3t 5 0 O 2

M. = \ M., cos(npoc), 2)

n=135..

M,y= i M,, sin(npa)o 3)

R N T A rad; M, R M, 53 30 A B AL TR 32 A2 15 L) 1) 4k 1 00 L R L K RE AR 1) SRR
~ 4B, . nma,
M

= sin
NI, 2 7

4)

A

Mo, =0, (5)

K

S AR G 4 A4S 1) R 18] 23 o ) g



72 TR K F F IR %47 %

np—1

Rm R 2np

; —(np+l)+2(7r) (np—l)( R,)

X X
O e e YT
s T\ R, B e R, R,
np—1 Rg np-1 Rg np+1
) ) potmtaescan.

np-1 2np

L e2lfe) 0[]

. o 2 )
e (ap) -1 ml[l_(Rs)zw]_%_l{(Rs)z,,,,_(h)zq
s R, R,

e

R,
np—1 R. np—1 R. np+1 .
R e —

oA TSR AR R AL 5 R U D B BE B, mm s ¢ ] s 5 0, R AR AR R0 RE R G S5 R R, R K A
W, mm; R AHMNE T NE , mm; R N E T IME , mm; o B AL, t/min; o, 8 ACHE AL T 00607 & N,
SRy 2 ARSI % ) i R D R B
1.2 HBIX KNS
ML Bl = ARS8 20 38 W 2 77 2k — N BERE W37 B R AR L L G Y o RS AE BRI P A G % A B L.C =
FHSE L 1) 1 388 5 3 O ek A A 2]
BN (ar,t)=BN + BN + BN, (8)
B(,*W(a,rt) BN +Boy + By 9
AP B B BN By Boy . Byt Al A B LC = AHGEUL A B AR ) RN DT ) 6 %%
DL AARGEZH g ), 7 Az (18 4 1) A B 1 2 R U1 [ B 0 85 0 ) ok

BN (aur,t) ZB zA(t){stcosm{a— (0“_1)}’ (10)
BQXJ(a,r,t)=§BmgiA(l){NZASAkSinm{a—g(ﬂ,\k—l)}}o (11)

i, AL, i, =1, sinQufie+f) /8 -  Hzs 09 AR JRAT AL, rad; Q0 FEALAE T I N, o v
X BN B 70 1) e I I UK N, O ARG T o5 R S, AT S 1) i SRR B S8 AL A W B Bl B 1), T
2R W T 2EARTT AR AN+, ) A A =150, 08 A BE ] B 7R TR 2w ol S 1) i I Ak s AL B 2

2 k#EETEVBEIREHADEE

Fig.2 Armature winding vector of permanent magnet synchronous motor
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Fig. 3 Spatial distribution of complex relative permeability
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Fig. 4 Eccentricity schematic diagram of permanent magnet hub motor
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Fig. 5 Finite element simulation cloud image of hub motor magnetic field
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Fig. 10 Electromechanical coupling schematic diagram of electric vehicle
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Table 4 Road roughness coefficient for n, at 0.1 m™ "**!
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Fig. 11 Time domain curve of road excitation
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Fig. 12 Real-time variation curve of hub motor eccentricity
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Fig. 16 Time/frequency domain curve of suspension dynamic deflection
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Fig. 18 Variation of vertical dynamic characteristics at different speeds
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