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Optimized Rotor Design for Permanent Magnet Assisted Synchronous

Reluctance Motor with Low Torque Ripple
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Abstract: To address the issue of high torque ripple in
permanent magnet assisted synchronous reluctance motor
( PMA-SynRM ), a multi-objective optimization design
method based on the non-dominated sorting genetic algorithm
IT (NSGA-II) was proposed. First, the basic structure and
working principle of the PMA-SynRM were introduced. Next,
the rotor structure of the PMA-SynRM was improved by
constructing air barriers and designing asymmetric auxiliary
slots. Then, sensitivity analysis was conducted to identify the
parameters that had the most significant impact on the
optimization objectives of the PMA-SynRM, and mulii-
objective optimization was performed using NSGA-II. The
optimal topology was selected from the generated Pareto front.
Finally, the torque performance of the optimized motor was
compared with that of the initial motor using finite element
analysis software. Simulation results showed that the
performance of the PMA-SynRM optimized through NSGA-II
was significantly improved.
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Tab.1 Basic parameters of PMA-SynRM

EICA BHE
Mk HEEL 436
LI/ kW 0.6
BUERES/ (romin!) 1 500
ETHME/mm 120
FEF AR/ mm 77
HF N L/ mm 20
AR/ mm 0.35
) B/ mm 80
LRI KL 43

B 1 PMA-SynRM & EE

Fig.1 Cross-section diagram of PMA-SynRM
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Torque Ripple
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Fig.2 Space vector diagram of PMA-SynRM
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Fig.3 Rotor parameters model of PMA-SynRM
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Fig. 4 Auxiliary slot of rotor
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Torque Ripple

Bl 5 PMA-SynRM & BrfE{LiREE
Fig.5 PMA SynRM multi-objective optimization

flowchart
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Tab.2 Range of parameters to be optimized

EL e SHUE SHA R ZHUE
w,;/mm 8~12 0,/(°) 35~42
w,/ mm 6~10 0,/(°) 30~35
w3/ mm 5~9 05/(°) 25~30
h,/mm 3~5 0,/(°) 10~20
h,/mm 2~4 a/(°) 10~40
h3/mm 2~4 MR,/ mm 0.5~0.8
h,/mm 1~3 MR,/mm 0.8~1.1
W,,/mm 2.5~5.5 MR/ mm 1.1~15
W,/ mm 2.5~5.5 B,/ (°) 15~20
W/ mm 2.5~5.5 B,/ (°) 25~30
W/ mm 2.5~5.5

3.3 REESH

W T RIS EE A FEILAL B iR 7R

M FRPR AN RS | AR REOCR TR E A

TR LR G REUESSIR, 258 RBUZHEELS,,,
TE SN

Seom = A4 ‘Srm ‘ + A, ‘SK‘_ip ‘ + A, ‘Srmg ‘

(7)
A+ A, +A,=1

eS8, S M, R T, K, FT, R
TR, A, FUA, 22900 T, K, 1T,
EEY

7 [ 3 PMA-SynRM (= 5% %8 ik 2 i 4 Pk 25 7™
TR MR A A 1 SRR AR SOBE AL R, B
04,0, BEEN 0.2, BETHSEN REE A 4h
Rk 3 fE 6 Ui,

%3 BHREESWER

Tab.3 Parameter sensitivity analysis results

SR St Sk St Seom
w, -0.177 -0.274 -0.129 0.206 2
W, 0.29 0.209 0.306 0.260 8
ws -0.104 -0.092 0.217 0.121 8
hy -0.174 -0.128 -0.025 0.125 8
h, -0.281 -0.294 -0.183 0.266 6
h -0.245 -0.34 -0.197 0.273 4
hy -0.315 -0.301 -0.202 0.286 8
Wy -0.022 0.057 -0.024 0.036 4
W 0.087 0.085 0.044 0.077 6
Wi 0.015 0.062 -0.045 0.039 8
Wy -0.038 -0.027 0.009 0.027 8
0, -0.121 -0.135 0.025 0.107 4
0, -0.167 -0.114 0.046 0.121 6
05 -0.337 -0.206 -0.251 0.267 4
0, -0.041 0.203 0.138 0.125 2
o -0.06 -0.069 -0.071 0.065 8

MR, 0.103 0.064 0.154 0.097 6
MR, -0.028 -0.028 0.117 0.045 8
MR, 0.016 -0.019 0.195 0.053

B, -0.173 -0.147 -0.182 0.164 4
B, -0.226 -0.036 -0.197 0.144 2

AR 3 S, WM, £ )2 7K 0 14 0 58 B2
(w, v, Flawy) 452 KRR B S BE (hy chy chy F
hy) HEBEA G AR (6,.0,.0, F1 6,) LI KA f £
(B, \B,) MILRE RELER &, NI IE R X Le i 1T 5
BT 22 HERLAL , 1 AS o 3 2 50000 6 00 3 4o 2
SHEACHATHE .
3.4 ZHRMEKL

T NSGA- 11 %} PMA-SynRM #4752 H AR
o NSGA- IR P Al SZ B HE e, R B A
FRFEMLHFIRG S0 B S ms , DARRAIRARL 52 20 B,
PO E . NSCA- LRI 7 FiR, 3R
=4k Pareto RV RN 8(a) FT7n ,, —4E Pareto i
TR R 2 KK 8(b) ~ & 8(d) Fis

W FIR FERISEOT LT 2 B AR
b, 25575 TR R WS- Y55 T, A A8 o i ik
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Beo RHESWMEREAE

Fig. 6 Histogram of sensitivity analysis results

B 7 NSGA-TiREE
Fig.7 NSGA-1II flowchart
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Fig. 8 Pareto solution set
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Torque Ripple

41 76.52 V 83.23 V 81.64 V F180.61 V, S5{4LTT
AL, 20 = Fhd B A AL 5 182 285 L sh #4331
PET 8.77% .6.69% F1 5.35% .

®4 HUBSBMBESHLE

Tab.4 Initial and optimized values of parameters

SRR YT ZHR =
PRALHT AL
w,/mm 10 8
w,/mm 8 8
w3/ mm 6 8
h,/mm 4 3.5
h,/mm 3 3.5
h3/mm 3 2.5
hy/mm 2 2
W /mm 4 5
Wi/ mm 4 3.5
W5/ mm 4 3.5
W/ mm 4 3.5
0,/(°) 38 40
6,/(°) 33 34
05/(°) 26 27
0,/(°) 16 15
a/(°) 17 20
MR,/mm 0.5 0.6
MR,/mm 0.8 0.9
MR;/mm 1.1 1.2
B/ (°) 17 18
B,/ (%) 27 26

E9 BHMNEERERENESHE
Fig.9 Magnetic density cloud map and magnetic field

line distribution map of the motor
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66.89% .63.76% F1 53.48% |

P 12 gy ey i AL ) T4 o = o 28 B e 5
R OLAL IS B LB D MR RE DT . K 12

10 REHBER

Fig. 10 Back electromotive force waveforms

B 11 REHBERESHT
Fig. 11 Harmonic analysis of back electromotive force
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19.35 mN-m F124.85 mN-m 7] I AL )5 9 PMA-
SynRM [ A 2 5 43 0l B AIG 1 40..04% ,38.41%
F120.91% .,

B 12 BRI EERE R A
Fig. 12 Comparison diagram of cogging torque

waveforms of motor
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3.97 N>m,3.94 N-m F13.96 N - m, ¥ ¥ ik 2l )
31.68% 43|/ NE] 10.79% (13.94% F1 14.45% |,

13 ERREEEFE R FEXTEL
Fig. 13 Comparison of electromagnetic torque

waveforms
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Tab.5 Comparison of motor optimization results

AXFHR XK 2 XK 4
WO WD DI

SRR WREAL

7./(Nem) 3.86 3.97 3.94 3.96
T./% 31.68 10.79 13.94 14.45
T,/(mN-m)  31.42 18.84 19.35 24.85
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& % x o
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Permanent magnet assisted synchronous
reluctance motor ( PMA-SynRM ) is widely used in
applications such as electric vehicle drive motors, air
conditioner compressors, fans, and household
appliances due to its high saliency ratio, wide speed
range, high efficiency, and low permanent magnet
usage. By incorporating a small amount of permanent
magnets into the air barriers, PMA-SynRM
effectively reduces motor costs and dependence on
rare earth resources.

This  paper proposed a  multi-objective
optimization design method for PMA-SynRM based
on the non-dominated sorting genetic algorithm 11
(NSGA-IT ), focusing on improving the average

torque, reducing torque ripple, and minimizing

Fig.1 Model of PMA-SynRM

cogging torque. First, the model of PMA-SynRM was
constructed, as shown in Fig.1, and the rotor
structure  of PMA-SynRM  was improved by
constructing air barriers and designing asymmetric
auxiliary slots. Then, sensitivity analysis was
conducted to identify the parameters that significantly
affect the optimization objectives of PMA-SynRM,
followed by multi-objective optimization using NSGA -
IT to select the optimal structural parameters for the
motor’s performance. Finally, a comparison of the
torque performance between the optimized motor and
the initial motor was conducted using finite element
analysis software, with results shown in Tab. 1.
Simulation results demonstrated that the optimized
motor with asymmetric auxiliary slots achieved higher
average torque, lower torque ripple, and reduced
cogging torque.
Tab.1 Performance comparison of motors with

different structures

Symmetric  Symmetric

Parameter Original Asymmetric
2 auxiliary 4 auxiliary
name motor auxiliary slot
slot slot
T,/ (N+m) 3.86 3.97 3.94 3.96
T./% 31.68 10.79 13.94 14.45
T../(mN-m) 31.42 18.84 19.35 24.85

cog

S8
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