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Analysis of the Influence of Different Rotor Topology Structures on the

Performance of Interior Permanent Magnet Synchronous Motors

LI Jicheng® , WANG Aiyuan, WANG Chengmin, YIN Shixiong
(School of Electrical Engineering, Shanghai Dianji University, Shanghai 201306, China)

Abstract: In order to investigate the effects of different rotor
topologies on the electromagnetic and noise performance of 8-
pole 48-slot interior permanent magnet synchronous motor
(IPMSM ), finite element models of interior permanent
magnet synchronous motors with single-layer non magnetic
bridge, single-layer magnetic bridge, double-layer non
magnetic bridge, and double-layer magnetic bridge rotor
topologies are established. Except for the rotor topology, the
stator topology, permanent magnet usage, and other
conditions of the four types of motors are completely the
same. Firstly, the electromagnetic performance and noise
performance of the motor are analyzed theoretically.
Secondly, the finite element models of four kinds of motors
are established, and the electromagnetic performances of the
four kinds of motors, such as salient pole rate, output torque,
torque ripple and no-load back EMF harmonic distortion rate
are compared and analyzed, and the modal analysis of the
four kinds of motors is carried out. Finally, the vibration
response and noise characteristics of the four kinds of motors
are compared. The results show that the interior permanent
magnet synchronous motor with a double-layer rotor structure
with a magnetic isolation bridge has the best electromagnetic
performance, and its noise reduction effect is also the best.

Key words: interior permanent magnet motor;
electromagnetic performance; radial electromagnetic force
density; electromagnetic vibration noise; finite element

analysis
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Fig. 6 Output torque of a, b, ¢, d

®3 BEYBEHEEMEEKD
Tab.3 Output torque and torque ripple of each motor

FLAL T,/ W K,/ %
a 119.75 4.58
b 112.19 4.82
c 118.91 3.61
d 120.93 2.82

Wi 7 o, 7E5453 0~ 10 000 t/min F, 1AL
o P H P R R 9 R B R ) R/ DA s
AU d e a b, 5 IE 6 FIZE 3 it
Ze—2.

E7 HHENESREETHHEE
Fig.7 Output torque of four types of motors at
different speeds

P 8 S DU ALY 2 28052 FL ANy PR e e L
ARHREE IR o IR AE 3R HL S STl R I
MR B ) — I PERES R I M AL A sy
FELATL A M P R A A8 P T A e R 5 4 D Wb 7 %
MR, WAL 038 A7 B INARSE o 3 I W 72 2R ] LA
Fn lg(25) 8D

nrms

THD =

x 100% (25)

SHL THD IS, U, Ry 7 AR
(0, WP, 2 (25) 4, 1
LN 4 5. I3 4 T I bl o

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



BE R, A N EAOKRER D LA R % 7 Fh DS AL o i ML R 1) 52 ) 23 A

LI Jicheng, et al: Analysis of the Influence of Different Rotor Topology Structures on the Performance of Interior

108

Permanent Magnet Synchronous Motors

cbd AR TR I IR AR AR AR, FLARE TR K

THir o

B8 ZFHRBHEWIEESE
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RS IIHTIE ST R LA [6] FELRE ) RN 75 (0
FOPBR, Py Y LA 1) HL R ) IR S TR
W SRR ) EL AL 5 6 11 A7 A3 A [ FRURIE ) 5
JE T ) AR A () BRAH T IR 2 f i L7 A 4

S 7 B T 3 5 825 9 49 4905 o
V7R 1 L ) 1 S 333.33 Hiz,
PRI HURE ST 56 2 ,4.6.8.10 YOI B K, 5
TR 2.3 YA BT B350 B A2 i
BT 2.6 YR TR 26 R TR A 7T B
SRR,

E 10 SKBE#ZFERSEITT
Fig. 10 Comparison of harmonic content of air gap
magnetic density
RS FEESEEEERBTE
Tab.5 Harmonic distortion rate of radial air gap

magnetic density

FLAL THD/%
a 26.13
b 27.04
c 21.38
d 17.63

A BRICAT T AR B R HL a AYAE 1) FERE 1
=Y oA A 12 [, R T 245 2] f AL
b.c.d AR G = 4oy AR, @ XL a
b e .d FIAE ] HEL R 1 = 4 o3 A1 PR A b e e L
f AR 13, WNEL 13 il LIE A 14,16,
18 Wik iR AR /N HAH 22 A K, Bl ab.c.d
55 2.6 .8 10 12 YIS I IR AE AR YR s/, FLATL b
a.c.d (1 4 YOB IR AR /N, BRRE, B
Hloa.b.c.d AR HI 55RO TR, AL d 1Y
Mg 7 1) 555 S8R A o
2.5 BRESH

M LR AT A BALE AR T RE S
AR SRR H AR S N . FAL a 4R B8
W A A FROCAR AL AN P 14 F7R, i AL boe d
(R IR 7 T ) A PR TR UL, 7 AR —— 51 %6
it A BRIC EAS R AL a b e .d (4R S0k
FME RS Q] 15 FNEL 16 fros, B f 380, 2 £%
BRI 6 A5 45143 0 72 RS 1 2 [y A A0 3

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HUHLSHEHIN 25 514, 452
Electric Machines & Control Application, Vol. 51, No.2, 2024

109

B 11 EFESHERRE

Fig. 11 Natural frequency of stator mode
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Fig. 12 Radial electromagnetic force density of motor a
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Fig. 14 Finite element model for vibration and noise

calculation of motor a
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In order to investigate the effects of different
rotor topologies on the electromagnetic and noise
performance of 8-pole 48-slot interior permanent
magnet synchronous motor (IPMSM) , finite element
models of interior permanent magnet synchronous
motors with single-layer without flux barrier, single-
layer with flux barrier, double-layer without flux
barrier and double-layer with flux barrier rotor
topologies structure are established ( as shown in

Fig.1). Except for the rotor topology, the stator

topology, permanent magnet usage, and other
conditions of the four types of motors are completely
the same. Firstly, conduct relevant theoretical

analysis on the electromagnetic performance and

noise performance of the motor. Secondly, finite

types

established, and their electromagnetic performances

element models of four of motors are
such as flux linkage of d-axis, flux linkage of d-axis,
saliency, output torque, torque ripple, and no-load
back electromotive force are compared and analyzed.
Finally, modal analysis is conducted on the motor,
and the noise performances of the motor such as
radial electromagnetic force, vibration acceleration,

and sound radiation power are compared. The results

show that the built-in permanent magnet synchronous
motor with double-layer magnetic isolation bridge has
the best output performance, with the highest and
most stable output torque. The modal analysis results
indicate that the harmonic frequencies of the radial
electromagnetic force of the four types of motors differ
significantly from the natural frequencies of the stator
mode, so the motors in this paper will not generate
resonance. The noise analysis results indicate that
the built-in permanent magnet synchronous motor
with double layer magnetic isolation bridge has the

best noise reduction effect.

Fig.1 Cross sectional view of motor

S11

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



