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Abstract
The new energy vehicle industry has become increasingly popular due to the constant mention of
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sustainable development and the strong advocacy for clean energy worldwide. Permanent magnet
synchronous motors (PMSM) have replaced traditional engines as the preferred drive system for
new energy vehicles due to their simple structure and excellent performance. The modal and vi-
bration characteristic analysis of a permanent magnet synchronous motor has important refer-
ence value for subsequent design, as electromagnetic excitation vibration not only affects driving
comfort but also vehicle safety. This paper describes the use of Solidworks, a 3D modelling soft-
ware, to simplify the modelling of an automotive permanent magnet synchronous motor. The sim-
plified model is then imported into Ansys, a finite element simulation software, to perform modal
analysis of the structure and overall model. Finally, the vibration response of the permanent
magnet synchronous motor is analyzed and calculated under actual working conditions.
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Figure 1. Schematic diagram of simpli-
fied model of terminal sheet metal part
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Table 2. Material properties of stator cores
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Figure 2. Schematic diagram of simpli-
fied stator core model
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A: Modal

Total Deformation 7
Type: Total Deformation
Frequency: 628.65 Hz
Unit: mm

202111418 15:29

10.564 Max
9.8559
9.1482
84405
7.7329
7.0252
6.3175
5.6098
4.9021
4.1944 Min

(a) 121 2 Fir A 629 HZ

A: Modal
Total Deformation 11 _
Type: Total Deformation 3 \\\\\\\‘\\K\
Frequency: 1684.3 Hz SRRARNNY
Unit: mm
2021/11/18 15:29

12.857 Max
11.619
10.38
9.1414
7.9028
6.6642
54256
4.187
2.9484
1.7098 Min

(b) 21 3 iz 1684 HZ

A: Modal

Total Deformation 15
Type: Total Deformation
Frequency: 2993.5 Hz
Unit: mm

2021/11/18 15:30

17.749 Max
15.801
13.852
11.903
9.954

8.0052
6.0563
4.1075
2.1586
0.20976 Min

A: Modal

Total Deformation 19
Type: Total Deformation
Frequency: 4279.1 Hz
Unit: mm

2021/11/18 15:30

25083 Max
22.324
19.564
16.805
14.045
11.286
8.5267
5.7673
3.0079
0.24856 Min

(d) 121 5 s 4279 HZ

Figure 3. Stator core radial modal analysis results
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Figure 4. Schematic mesh delineation of per-
manent magnet synchronous motor casing
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Table 3. Comparison of model frequencies for different thicknesses of chassis
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A: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 1125.6 Hz
Unit: rmm

2021/11/18 15:33

A: Modal

Total Deformation 9
Type: Total Deformation
Frequency: 2665. Hz
Unit: mm

2021/11/18 15:34

359.73 Max

529.97 Max
31977 471.09
279.8 412.2
239.83 353.31
199.86 29443
159.88 235.54
119.91 176.66
79.942 1777
39.971 58.886
0 Min 0 Min
(@2 [r (b) 3 B
A: Modal A: Modal

Total Deformation 11
Type: Total Deformation
Frequency: 3297.3 Hz
Unit: mm

202111118 15:35

Total Deformation 15
Type: Total Deformation
Frequency: 53994 Hz
Unit: mm

2021/11/18 15:34

612.49 Max 927.67 Max
542.79 824.59
47494 72152
407.1 61845
339.25 515.37
271.4 4123
203.55 309.22
1357 206.15
67.849 103.07

0 Min 0 Min

()4 Br (d)5 B

Figure 5. Stator system modal analysis results
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Figure 6. Stator system modal analysis results
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Figure 7. Comparison of radial modal results
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Figure 8. Schematic diagram of motor electromagnetic force and torque loading

& 8. AR DR IEME TEE

FERHLAPFEIEE — NS5, I Ansys 73 73 7 75 2 DI T 7E S 80N 2 T 2 S A0 x Bl y AR
SN FE R AN 9 B, x BAT y BRI AR TR MR a0 10 B

DOI: 10.12677/mos.2024.133229 2522 A ()


https://doi.org/10.12677/mos.2024.133229

£
R
I
4
G

3.2642¢+5
7.9083¢+5

&

£ 1.9159%+5

£ 46417

11246 b

tude(mm,

= 4
E‘ 2724.5
= 660.05 b

159.91
38.742

| e

T T T T T
0 1000 2000 3000 4000 5000 6000
Frequency(Hz)

(@) x Hhins

1.416¢+6
3.5903¢+5

o

91035

£ 23083

=2

g 58528

T T T T t
0 1000 2000 3000 4000 5000 6000
Frequency (Hz)

(b) y s 52

Figure 9. Schematic diagram of motor electromagnetic force and torque loading
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Figure 10. Amplitude of load vibration deformation of motor sidewall
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