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Reduction of Pole Frequency Vibration in Surface-Mounted Permanent

Magnet Synchronous Motors Based on Axially Unequal Width

Pole Structure
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(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: In order to solve the pole frequency vibration
problem of a 10-pole and 12-slot surface-mount permanent
magnet synchronous motor, a weakening scheme of the pole
structure with axially unequal width is proposed. This scheme
can effectively reduce the extreme frequency vibration of the
motor under the premise of ensuring the torque density of the
motor. Firstly, based on the Maxwell stress tensor method,
an analytical expression for the radial electromagnetic force of
the motor is derived, and a model of the electromagnetic force
acting on the stator teeth of the motor is established.
Simultaneously, factors contributing to the generation of pole
frequency electromagnetic force harmonics in the prototype are
analyzed. Then, through finite element simulation analysis,
the basic mechanism of reducing pole frequency
electromagnetic force by using the magnetic pole structure
with axially unequal width is explained. And comparison
analysis of the motor’ s electromagnetic performance and
vibration acceleration before and after optimization is
conducted. Finally, the results show that the polar structure
with axially unequal width can effectively reduce the
harmonics and vibrations of the polar electromagnetic force
while maintaining the torque density of the motor, which
confirms the effectiveness of the optimization scheme.
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Fig.1 Schematic diagram of cross-section of surface-
mounted permanent magnet synchronous motor
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Tab.1 The basic parameters of permanent magnet

synchronous motor

BiE T/ W 63
WE R/ (romin ") 4000
BERHE/(Nom) 0.15
HE LT A 3
&3 10
% 12
[T EX ' 0.86
AR KJE/mm 45
FE F4ME/mm 40
E TN/ mm 25
% FHME/mm 22.7
TR A B SmCo28
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Tab.2 Radial electromagnetic force density

spatiotemporal characteristics
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Fig.2 The integral area of one tooth
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Fig.3 Air-gap magnetic flux density
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Fig.4 Radial electromagnetic force density
MR o PR FTLIE AR =2 IR A o 2 5 %
SR DX, DRI A L g 5 B e s S, K
51 A LA AR L R ) AR IR Bl o T — 2284k
AR A AR ML E 514 38, S BOR ALY E
TRARE) . P, ) B AL 22 1) o
AL R A [ FEL B s R R gl T A S HI) s A

B S5 m#Nm%R FFT &1

Fig. 5 Electromagnetic force curve and FFT results
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Fig. 6 The 3D structure of axially unequal width

magnetic poles
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Fig.8 The air-gap magnetic flux density curves under

the combined action of three magnetic poles
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Fig. 11 The comparison of electromagnetic forces of the
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Fig. 12 Teeth tangential moment of teeth and its FFT results
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Fig. 13 The curves of electromagnetic torque
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Permanent magnet synchronous motor ( PMSM )
is extensively employed in underwater vehicles and
ship propulsion systems due to its simplicity, high
power density, and efficiency advantages. However,
the increasing demand for stealth in underwater
propulsion equipment, coupled with the inherent low-
frequency vibration noise generated by PMSMs during
operation, which poses challenges. Among these
challenges, pole frequency vibration of the motor
stands out as particularly significant in the low-
frequency domain. Consequently, mitigating the pole
frequency vibration of the motor becomes essential.

A method

vibration of the motor by introducing an axially

to weaken the pole frequency
unequal width pole structure is proposed at the
paper. In this structure, the magnetic poles are
distributed axially, and the zero-crossing region of
the magnetic field is offset in the axial direction.
This offset reduces the area of the magnetic field
fills the of the

electromagnetic force density, and decreases the

zero-crossing  region, valleys
fluctuation of the electromagnetic force between its
peaks and valleys. Consequently, the peak-to-peak
value of the electromagnetic force in the region of the
electromagnetic force density valley decreases,
leading to a reduction in tooth vibration caused by
the fluctuation of electromagnetic force in this
region. Thus, the pole frequency vibration of the
motor is weakened, achieving the goal of reducing
motor vibration.

To validate the effectiveness of the proposed

magnetic pole structure, a comparative analysis is

S9

conducted based on the finite element model of the
This the

electromagnetic force and other major electromagnetic

motor. analysis  compared radial
performance parameters between the motor with new
magnetic pole structure and the one without it.
Through calculations and comparisons, it is
evident that the peak-to-peak fluctuation of the radial
electromagnetic force density in the motor with the
new magnetic pole structure is significantly reduced.
the the
electromagnetic force at the second harmonic and

fourth harmonic is reduced by 35.43% and 39.41% ,

there

Compared to original motor, radial

respectively.  Moreover, is a noticeable
reduction in vibration acceleration at key frequency
points in the motor with the new magnetic pole
structure.  Specifically, compared to the original

motor, the vibration acceleration amplitudes at the

second harmonic, fourth harmonic, and sixth
harmonic frequencies are reduced by 18.08% ,
10.02% and 45.3% , respectively. The
electromagnetic torque of the motor remains

essentially unchanged compared to the original
motor.

The comparative finite element analysis between
the motor with the new magnetic pole structure and
the original motor demonstrates that adopting an
axially unequal width pole structure effectively
reduces the radial electromagnetic force density and
pole-frequency vibration of the motor. At the same
time, also effectively ensured the electromagnetic
torque of the motor, confirmed the effectiveness of

the new magnetic pole structure.
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