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Electromagnetic optimization and vibration and noise reduction of equal
volume staggered segmented permanent magnet motor
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(1. School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. School of Electrical Engineering, Southeast University, Nanjing 210096, China)

Abstract; To improve the electromagnetic performance of the interior U-shaped permanent magnet synchronous
motor and reduce the vibration noise of the motor body, a magnet-focusing type equal volume misalignment
segmented interior U-shaped permanent magnet synchronous motor is proposed. First, the electromagnetic
performance expression of the motor such as gap magnetic flux density, no-load back-emf, and output torque, and
the expression of electromagnetic vibration such as radial electromagnetic force, vibration velocity and acceleration
are derived. Second, the effects of the separate addition of magnetic barrier structure, misalignment structure, and
Halbach magnetization structure on the electromagnetic performance of the motor are investigated. Finally, the
structure parameters are analyzed and optimized, and the electromagnetic performance, electromagnetic vibration,
and noise fluctuation of 5 types of U-shaped magnet pole permanent magnet synchronous motors are compared. The
study shows that the four added structures have a significant effect on motor performance. In terms of
electromagnetic performance, the addition of a magnetic barrier, misalignment structure, and auxiliary can improve
the motor output torque and reduce the slot torque. The Halbach magnetization can improve the output torque,
radial air-gap magnetic flux density distribution, and radial electromagnetic force distribution, and combination of
the three can improve the motor output torque. The output torque becomes more smooth, and the slot torque and
torque ripple are significantly reduced. In terms of vibration noise, the auxiliary slot structure is added to
significantly suppress the 8th and 16th harmonic amplitude of the radial electromagnetic force; the magnetic barrier
structure can suppress the low-frequency vibration of the motor, and the misalignment structure and Halbach
magnetization can suppress the high-frequency vibration acceleration of the motor, and the four structures can
significantly reduce the radial electromagnetic force the space of 8 and 16 times, and the vibration acceleration of 4
times and 6 times in time is significantly suppressed, the maximum sound pressure level and mechanical of the

motor meet the requirements of motor operation, and the rotor sample of the permanent magnet motor is machined.
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Fig.1 Motor structure
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Tab.1 Motor parameters

Wy EFS EFN SERK BTN BUERE kg

BXE /mm /mm JE/mm A/mm (remin') MR

Bl KRR BB REEA BOiA KEEEIR  BotER
MR (kgem™?) (kgem™) AL WALk

SREE/MPa ¥/ MPa

4874 270.0  161.8 0.9 160.0 7 500

NdFe35 DW315.50 7 400 7 600 0.30 0.31 =80 450




.14 - 172 S - S R | A N = =

%57 %

U 00 A8 V758 7 R 1 38 25 i T A i 44
2 K REAR R F K RE A TICE T U B R ) 4 R
1 SRR IFAE 1 S HE PR W ot 38 I G B 5 8 1 5
TRREAR U P 80 W8 A0 30 7 R AR 2 55 7 R AR 4L S 1)
& AA K Halbach Fe/8 72K,

Kl2(a) . (b) 5330 R SRR Halbach 43 B
U BG4k e WL B G S 200 A B 28 3R = 1
B 2 () i 1 2 v S BN R4 /0N, 43 A ¥ A0 FLXE
PR 2(b) o 1 Sk GBI SR RERE S5 U BB )
SEFAb e 1 5 A R P i 5 7 500 % AR R A 3 %

JE 55

A/(Wb-m™)

0.0192
0.0167
0.0141

0.0115
0.0090
0.0064

0.0039 /|| E==ly
0.0013 |[\\NSiih
-0.0013 | S
-0.0038 | [ =4
-0.0064 |7

-0.0090

-0.0115
-0.0141
-0.0167
-0.0192

2.2104
2.0631
1.9157

1.7684
1.6210
, 1.4737
- 1.3263
1.1790
1.0316
0.8842
‘ 0.7369
0.5895
0.4422
0.2948
0.1475
0.0001

(b) #iH = K

2 BUENERUEEZESS

Fig.2  Distribution of magnetic field line map and magnetic

density map
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Fig.3 Magnetic barrier parameters
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Tab.2 M1 motor parameters variation range

SH 4 SHUE AN/ mm
A 8 ~20
I 1~12
ly 2-~8

SHARMIGREINEE |, A 25 3
F g A i o DL R A bk h Atk e R LI 4,
I 4 R LLE 1, A AR O R R AR R,
WG 0.53 ~1.65 Nem, H. [, =16 mm I} 15 #ti%%
FEIR B ARAE 0. 53 N-m =5 2 L s #4631 Bl e
220 ~330 V Z ], BARAR L BT R Rk H 7 1, =
10 mm, [, =20 mm B} %5 3% )z H 2l 4 HUAS B RAE.
365 VAlE/IME 335 V., HIHLE H R 5 bl 1, A2 fk Ay



.16 - R

wOL Wk K

o

Ay,
°

% iz %57 %

W KAE N 187 N-m, f/IME N 156 N-m, AR G
THa RS, B HLEE Rk s A2 1k 5 14 il 7 o AR Ak

—ﬁo

17 370
4 Z 345 -
Z s
< R R 320 \'
ﬁ L1f- # 295 \
1 0.8 U)“( 270 \
Exl 0.5 ! I 245 ~__.
8101214161820 22081012714 16 18 20
l]/mrn [ /mm
(a) VitEHEHE (b) TEI B
180 12
g
N g
: :
# 150 = 8 /
N
130 —
_ -
8 10 12 14 16 18 20 4101214 16 18 20
l]/mm [ /mm
(c) i i sE (d) BB ik sh

B4 |, SHEURBEHIERENETL
Fig.4 Changes in motor performance when /, parameter are varies
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Fig. 19  Output torque response surfaces
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Tab.7  Optimization results of motor performance before and after
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