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Abstract

The electromagnetic vibration produced during the operation of high-speed permanent magnet
synchronous motor has an important impact on the service life and performance of the motor. The
stator and rotor structure of the motor is optimized in this paper to reduce the electromagnetic
vibration. Firstly, based on the prototype parameters, a finite element model considering the mag-
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netostriction of silicon steel sheet is established, and its multi physical field coupling vibration is
analyzed. Secondly, the change of air gap magnetic field directly affects the electromagnetic vibra-
tion of the motor. Four optimization variables are determined through analysis, and the four op-
timization variables are arranged by Taguchi method orthogonal test. Taking the kinetic energy
and elastic strain energy of motor stator core vibration as the optimization objectives, the opti-
mization design is carried out. Finally, the results show that the optimized motor can effectively
improve the electro-magnetic vibration on the basis of ensuring the electromagnetic torque by
comparing the vibration displacement deformation, vibration acceleration and vibration energy
of stator core of high-speed permanent magnet synchronous motor before and after optimization.
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Figure 1. Magnetic properties of silicon steel sheet
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Figure 2. Schematic diagram of eccentric structure of permanent magnet
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Table 1. Orthogonal test table of variable factors
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I TT R f-CaE 2/(mm) WAIRRE o 8 11 58 B w/(mm) TR AR L 5/(mm)
1 0 0.9 1.1 34
2 0 0.95 1.2 3.5
3 0 1 1.3 3.6
4 1 0.9 13 3.5
5 1 0.95 1.1 3.6
6 1 1 1.2 3.4
7 1.5 0.9 1.2 3.6
8 1.5 0.95 1.3 3.4
9 1.5 1 1.1 35
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Table 2. Electromagnetic vibration energy of the test scheme
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2 0.1890 0.2440
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5 0.1666 0.3382
6 0.1772 0.2391
7 0.1627 0.2336
8 0.1924 0.2650
9 0.1971 0.3872
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Table 3. The average value of energy at three levels of four variable factors
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Figure 3. Average value of energy at each level of each variable factor
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Table 5. Sum of squares of various variable factors and contribution rate to energy
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Figure 4. Schematic diagram of prototype structure and reference points
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Figure 5. Vibration energy of different structural schemes

5. FRIGH S RERENGEE L

Kl 6 RNRALTT G 8 T RO IRBIALRE = B Ao, 14 7 FRoRAGTT G & T 200 Ui A RUFIEE B
MR PRSI IR ST LSO, % 4 A B B WE 4 Fon. BEISE RR LS 1 LIRS F2
MR AR R O S PR R sl i Ve 30 W SRl o [RS8 A PR T H 543 B LA AT S5 B ML A T3
B394 3.9968 N'm 1 4.0143 N'm, HIMUFEAEFEAAAR, R A %KM IR, Zmnd kiR
MR e . BFENSENRAE, & 7800 1 R IR 300U BB 1 0 .

A 159x107 A 138x107
%107 x107*
14 12
12 10
10
8
8
6
6
4
4
2 2
0 0
Yo Yo
(a) JREHIRENNIFE (b) GRS

Figure 6. Vibration displacement diagram before and after optimization
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Figure 7. Acceleration comparison before and after optimization
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