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Abstract: Permanent magnet synchronous motors used in
electric vehicles are needed to consider not only the
performance under rated operating conditions, but also the
overall efficiency across the entire road spectrum. Based on
this, an optimal design method for asymmetric V-shaped
interior permanent magnet synchronous motor based on new
European driving cycle (NEDC) driving cycle is introduced.
The geometric parameters of the upper and lower parts of the
permanent magnet in the above asymmetric motor are
parametrically modeled as independent parameters. Taking
the NEDC efficiency and torque-cost ratio as the optimization
objectives, the genetic algorithm is used to optimize the
symmetric and asymmetric V-shaped permanent magnet
synchronous motors, respectively. Finally, the optimal design
point on the Pareto front is selected for comparison of
electromagnetic performance. The simulation results show that
compared with the symmetrical structure, the asymmetrical
rotor structure exhibits stronger torque performance due to the

magnetic field offset effect. Therefore, the asymmetric V-
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shaped permanent magnet synchronous motor exhibits better
electromagnetic performance and lower manufacturing cost,
and has a broad application prospect in the field of electric
vehicles.

Key words: asymmetrical V-shaped structure; multi-
objective optimization; NEDC driving cycle; permanent

magnet synchronous motor
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Fig.2 Speed curve under NEDC mode
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Fig.3 Model of a double-layer V-shaped
IPM motor
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Tab.1 The main parameters of double-layer V-shaped
IPM motor
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E4 VEIPM BHEFEMSH
Fig. 4 Stator structure parameters of V-shaped
IPM motor
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Fig.5 Structural parameters of symmetrical

V-shaped rotor
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Fig. 6 Structural parameters of asymmetrical

V-shaped rotor
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Tab.2 Optimize the variables and the range of variations
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E T HiEks, /mm 5~8
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il 11 755,/ mm 1~2
FlFF (1 5/ mm 2~4
L, Web J&J#d,, ,m;;/mm 1~1.5, 1~1.5
L, WA IEEEd,, ,myy/ mm 1~2, 1~2
Ly KBTI BR 5 ,my3/mm 1~3.5, 1~3.5
Ly KEEARTEEE 4,/ mm 18.5~23.9, 18.5~23.9
L, REFaIpRd s ,ms/mm 1~1.5
Ly KRR d g ,m g/ mm 2.5~3.5,2.5~3.5
Ly KGRSO, 00/ (°) 65~70, 70~75
Ly RO, a0/ (°) 37.5~42.5
L,Web JEFd,, ,m,/mm 8~11, 8~11
L, RERIEEd,,y ,myy/mm 1~2, 1~2
Ly KBTI B d 55 ,moys/mm 1~3.5,1~3.5
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Fig.7 Optimization results of a symmetrical double

V-shaped IPM motor
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Fig.8 Optimization results of an asymmetrical double
V-shaped IPM motor
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Tab.3 Changes in model parameters before and

after optimization

E e PEALHT POR 7 E[DOE 7S
$1/mm 7 8 8
$,/mm 7 8 8
s3/mm 6 7 7
s,/ mm 14 16.0 13.4
$5/mm 1 1.5 1.5
S¢/ MM 0.5 0.5 0.5
$7/mm 1.5 1.4 1
sg/mm 3 2 2

dy ,m;;/mm 1 1 1,13
dyy ,my,/mm 1 1 1,1
d5,m;z/mm 3.9 1 29,1
dyy ,m,/mm 17.9 17.2 20.9, 20.7
ds,ms/mm 1 1 1,1
d\g ,m e/ mm 3 2.9 2,7
011,001/ (%) 140 140 70, 70
O,/ (%) 100 100 37.5, 375
d,, ,m,;/mm 9 8 11, 9.6
dy, ,my/mm 1.5 1.5 2,1
dy3 M3/ mm 3.9 2 1,1
dyy ymyy/mm 11.9 14.5 14.7, 15.3
d,s ,m,s/mm 9 2 1,1
dsg ympe/ mm 2.9 3.1 25,25
Op1 00,/ (°) 160 175 82.5, 82.5
0y 00,/ (°) 125 127.4 24.7, 29.5
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Fig.9 Symmetrical (left) and asymmetrical ( right)

rotor structures
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Fig. 10 No-load magnetically dense distribution
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Fig. 11 No-load back electromotive force waveforms
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Fig.12 FFT results for no-load back electromotive force
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Fig. 13 Load torque waveforms under rated

operating conditions
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Tab.4 Changes in motor performance before and

after optimization

ELER) Ak R AEXERR
SERIEEH/ (Nom) 5.13 5.73 6.40
AR Eh/% 5.70 3.92 4.3]
25 4L B/ V 5734 7171 80.45
NEDC %%/% 87.99  93.51  96.63
R AL 1429 1420 15.89
AW T kg 0.43 0.46 0.59
BRARB/L 1.06 1.06 1.06

AN KRR %)/ (N-m-kg™")  11.89 1249  12.57
PN ARBUE R/ (N-m- L") 4.83 5.40 6.02

2 % X o
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For electric vehicle applications, the design of
permanent magnet synchronous motors should not
their performance under rated

only operating

conditions is focused on, but also the overall
efficiency optimization in the entire driving cycle is
considered. In this paper, an optimal design scheme
of asymmetric V-shaped interior permanent magnet
synchronous motor based on the new European
driving cycle (NEDC) is proposed. The original
design that takes the geometric parameters of the
upper and lower parts of the permanent magnet as
independent  variables for detailed parametric
modeling. Futher, by setting NEDC efficiency and
torque-cost ratio as the key optimization objectives,
the genetic algorithm is used to implement deep
multi-objective  optimization for symmetric and
asymmetric V-shaped permanent magnet synchronous
motors. When the optimization completed, the best
design point is selected from the Pareto set to carry
out detailed simulation and comparison analysis of
electromagnetic performance.

the

algorithm as the optimization tool is selected. The

Furthermore , multi-objective  genetic

proposed algorithm stands out for its excellent search

ability, strong scalability, which can effectively

prevent the algorithm from falling into the dilemma of

S7

local optimum, and provides a solid technical support
for the multi-objective optimization of motors.
The load the

asymmetric double V-shaped has a higher average

optimized torque is shown
torque than the symmetrical double V-shaped under
the same copper consumption conditions. Among
them, the average torque of the asymmetric double V-
shaped is 14.66% higher than that of the symmetrical
double V-shaped, and 24.8% higher than that before
optimization. In addition, the unit permanent magnet
torque density of the asymmetric V-shaped is only
increased by 0.8% compared with the symmetrical V-
shaped after optimization, but the torque density per
unit volume is increased by 11.5%.

In the rigorous comparison, it is found that the
NEDC efficiency of the asymmetric structure is
increased by 3.33% , and the torque-cost ratio is
increased by 11.90% . Under the rated load operating
state, the average torque output of the asymmetric
double V-shaped motor is 14.66% higher than that of
the symmetrical double V-shaped motor.

Finally the results show that compared with the
traditional symmetrical structure, the asymmetrical
rotor structure has a higher torque output capability

due to the advantage of the magnetic field offset
effect.
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