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Abstract: In recent years, permanent magnet synchronous motors (PMSM) have been widely used in the
electric vehicle industry because of their high efficiency and energy saving. However, the high frequency noise of
motors has become a key factor limiting the development of PMSM. Therefore, a multi-physics simulation model
with capable of electromagnetic noise prediction was established, and the effectiveness of the established
simulation model in predicting and evaluating electromagnetic noise was verified. In addition, a rotor step skewing
model which can affect electromagnetic noise was proposed, and the influence of the skewing angle on
electromagnetic noise was investigated in detail. By studying the spectral characteristics of the low-order radial
magnetic force which has a great influence on electromagnetic noise, the distribution of electromagnetic noise
characteristics for the PMSM with or without the rotor step skewing was compared and analyzed. The experimental
results show that the spectra of radial force density are different under different oblique polar angles. The SPL of
the rotor segmented slant pole motor in the frequency range is higher than the SPL of the rotorless stepped slant
pole motor. The constructed multiphysics simulation model is a good predictor of electromagnetic noise.
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Fig.2  Structure of segmented oblique pole rotor
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Fig. 3 Multiphysics simulation model
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Fig. 4 Magnetic flux distribution load at rated speed
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Fig. 5 Spectral distribution of radial magnetic force at

different positions along the circumference

2.2.2 AN[EIRMR A A [

7 PMSM (1 L iE BT, RS 5 B AR A
o T8 ML TAERT %5 d 5 08 T o #H Z 18] 19
W R T AR A&l 6 R . Al b
SRR B o B, O B A 3 Bo U s A
ANTR] AR A, X 5 R A7 R 26 0L T T RHE 1Y)
RO, AT DU RCH 1) 55 1A 3 IO ks Kk e (] 20 v
BLIFE S .

Ko Ry — ik

Fig.6 Two-dimensional cross section of inclined pole rotor
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of different oblique polar angles
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Fig.8 Finite element model of stator core and winding structure
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Tab.1  Stator core and winding parameters
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Tab. 2 Comparison of simulation and test results

BAAR BESIR BIEAYH, XS Hz  HI R 22

1 S 742.9 702.6 5.7%
2 & 969.3 959.7 1.0%
3 vV 20133 19342 4.1%
4 & 3147.8 32495 3.2%
5 (] 6 192.4 5770.3 7.4%

(a)iE THRL L

K9 B
Fig.9 Modal test

(b)HLAILAL 4

0.15

/(g N")

0.05

i

0.00 ; . . ; . —
0 1 2 3 4 5 6
#i%/kHz
P10 AL 1 a2 ) 2
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