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Influence of Additional Air Gap in Stator Tooth-Yoke on the Acoustic

Performance of Spoke-Type Permanent Magnet Synchronous Motors
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(1. School of Electrical and Automation Engineering, Nanjing Normal University, Nanjing 210023, China;

2. Jiangsu Key Laboratory of 3D Printing Equipment and Manufacturing, Nanjing 210042, China)

Abstract: [ Objective ] To address the issue of
electromagnetic vibration and noise in spoke-type permanent

( STPMSM ), this study

investigates the impact of additional air gap between the stator

magnet  synchronous  motor

teeth and yoke on the acoustic performance of STPMSM. The
aim is to reduce electromagnetic vibration and noise by
designing an optimal additional air-gap structure. [Methods]
Firstly, a finite element model of the STPMSM was developed
to analyze its electromagnetic field characteristics. The
electromagnetic force was decomposed into radial and
tangential components using the Maxwell stress tensor method
and two-dimensional Fourier transform to examine its
spatiotemporal distribution. Then, a 10-pole 12-slot STPMSM
test platform was constructed to simulate vibration and noise
responses under actual operating conditions. Modal analysis,
hammer response experiments, and frequency response
function measurements were conducted to validate the
simulation results. Finally, a comparative study was
performed between uniform and non-uniform additional air gap
structures, evaluating the effects of triangular and convex
tooth-yoke  separation  structures on overall acoustic
performance. [ Results] Both simulation and experimental
results demonstrated that introducing an additional air gap

between the stator teeth and yoke reduced the motor’s sound

pressure level by approximately 2.3 dB. Finite element

BETIE : 2024 11558 HFFEFHIF QIR H (KYCX24_
1872)
2024 Jiangsu Province Graduate Research Innovation Project

(KYCX24_1872)

analysis revealed that the dominant radial force components
corresponded to specific spatial harmonics, aligning with
actual noise frequencies. Although the non-uniform additional
air gap introduced new spatiotemporal components of
electromagnetic force, its impact on overall acoustic
performance was negligible. Furthermore, the stator with a
triangular  tooth-yoke  separation  structure  exhibited
significantly better noise reduction performance than the
convex structure. [Conclusion] This study confirms that the
additional air gap effectively reduces electromagnetic vibration
and noise in STPMSM. The difference in acoustic
performance between uniform and non-uniform air gaps was
not significant, while the triangular tooth-yoke separation
structure demonstrated superior noise reduction capabilities.
Furthermore, optimizing additional air gap parameters using
genetic algorithms can further enhance acoustic performance,
offering new insights and methodologies for motor noise
control.

Key words: spoke-type permanent magnet synchronous
motor; additional air gap; tooth-yoke separation structure;

acoustic performance
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Fig.2 Noise waterfall chart under rated load conditions
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Tab. 6 First four stator circumferential mode

shapes and frequencies
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FE 8 iR, Hor @ TR S P B T
FER M DR 254, HOCHE RO S 803k 1
N, R, BRI E RN 0.5 mm, 2 ZJEHE N

0.1 mm,

8 STPMSM ##h (KIS BRXETF)

Fig. 8 STPMSM topology ( tooth-yoke separation stator)
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Fig.9 Sound pressure level curves of STPMSM

with and without additional air gap
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E 10 BXMNSEEREERZEEESE
Fig. 10 Radial magnetic flux density harmonic

components with and without additional air gap

11 ARMmMSEYIn#HBEZEEEESE
Fig. 11 Tangential magnetic flux density harmonic

components with and without additional air gap
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Fig. 12 Spatial orders of electromagnetic force density
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Fig. 13 Spatiotemporal spectrum of radial electromagnetic

force at 3 000 rpm
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Fig. 14 Numbering of additional air gaps
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Fig. 15 STPMSM uniform and non-uniform additional
air gap sound pressure level curves
(Q1=0.1 mm, others=0.2 mm)
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Fig. 16 Spatiotemporal spectrum of radial electromagnetic
force with non-uniform additional air gap
(Q1=0.1 mm, others=0.2 mm)
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Fig. 17 Variation of sound pressure level in STPMSM

as the number of 0.1 mm additional air gaps increases
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Fig. 18 Variation of second-order spatial electromagnetic
force density as the number of 0.1 mm additional

air gaps increases
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Fig.19 Two types of tooth-yoke separation

stator structures
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Fig. 20 Key dimensional parameters of additional
air gap
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Tab.7 Acoustic performance comparison
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