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Application of quantum genetic algorithm to the optimum design of
permanent magnet synchronous in-wheel motor

ZHANG Yu, DENG Zhaoxiang, ZHANG Heshan, TAO Shengchao, TANG Bei
(College of Automotive Engineering, Chongqing University, Chongqing 400044, P.R.China)

Abstract: Quantum genetic algorithm (QGA) has advantages of small population size with good algorithm
performance, fast convergent rate and powerful ability of global search. In order to acquire high power
density and low cost in-wheel motor of electric vehicle, based on the quantum genetic algorithm, a designed
outer-rotor permanent magnet synchronous in-wheel motor model with 8 designed variables and 5
constraints was built to optimize the effective quality, material cost and power consumption. The results
show that the effective quality, material cost and power consumption of the motor are decreased and the efficiency
of the motor is improved. The results of finite element analysis are close to those calculated by quantum genetic
algorithm, which can satisfy the using requirements of driving in-wheel motor electric vehicle. Therefore, the QGA
is an effective and feasible algorithm in optimization design of in-wheel motor.
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Table 2 Selection and treatment of optimization variables
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Fig.1 Stator and rotor structure diagram of in-wheel motor
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Fig.2 Comparison of the objective function values in iterative process between GA and QGA
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Table 3 Changes of various parameters before and after optimization

Yotk = RIS GA QGA
8/cm 0.10 0.12 0.12
d/mm 1.40 1.40 1.12
L/cm 3.50 3.50 3.50
D, /cm 19.0 19.3 19.5
hw/cm 0.35 0.30 0.30
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Table 4 Results comparison of initial project and various algorithms optimization project

e B LIRS GA QGA
AL AU R/ ke 21.26 20.73 19.36
HLHLID R B/ W 1087.15 885.94 842.16
A B BAS /T 857.56 789.73 675.74

MR/ % 85.76 87.78 90.89

MRAEALEE R 45 W06 7 S8 R AR S5 AL I i s MLIE RE S SR ANk 5 s . & Tt e Rk i f
Ja LB 8D DR REAR, S5 58 GA RIE R HE . HAT SAF i AL ACR

K5 MBARMEMEEZAUERIERILR

Table 5 Motor characteristic comparison of initial project and various algorithm optimization project

PRESHL (LGS GA QGA P RE AL
TR kg 5.05 5.30 5.80 5
¥ i kg 10.43 9.94 9.72 v
LS4 fi kg 5.04 4.87 3.26 v
K f A 5 e/ e 0.74 0.62 0.58 v
EF A/ TT 68.185 72.61 79.46 v
A/ T 142.891 136.178 133.164 v
LU A/ TT 312.480 301.940 202.120 v
K R A A /5T 333 279 261 v
HLAR 3 RE /W 100 100 100 &
HFE/W 559.72 479.87 421.52 v
BREE/W 354.91 239.43 266.95 v
A BARFE /W 72.52 66.64 53.69 v
FT FIRALEE R, 45 IR iR T S 1.00 - S RTmEEE
PR SR DAL 5 B F AL AR A R P A 4] 3 L +gg§f§&
i s WL 3 v al D 6 7 358 4% 58 25 1 Ak 0.90 .,
T HL LA R O o o
M QGA BT R HLETA  E os0
BLIEA 7 . 802 SO BGE T L BLARE T T s
B4 Jr 7 o B BL P A2 A7 B 75 4 450 18 24 0.70
H0.426 4 kW EHLEZRAG WL 5 Frs . |y 0.65
PR E 7 4R R BUE 20y 256.6 W, 5 0.60 ! I ! 1 !
QGA BRI 45 AT UEW] QGA B ’ " sy » o
i LB R 9 AL E B3 AR R AL R LR R

Fig.3 Motor efficiency characteristic of initial project and

various algorithms optimized projects
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