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RESEARCH ON VIBRATION AND NOISE GENERATION

MECHANISM AND SUPPRESSION METHOD OF SPOKE-

TYPE FLUX-CONCENTRATING PERMANENT MAGNET
SYNCHRONOUS MACHINE

ABSTRACT

Spoke-Type Flux-Concentrating Permanent Magnet (STFC-PM)
machine have shown a wide range of development potential in the new
energy vehicles (EVs) industry due to high air-gap flux density and high
power density. However, high air-gap flux density is prone to serious
electromagnetic vibration noise problems, which reduces the comfort of
riding in new energy vehicles. Therefore, how to investigate and suppress
the electromagnetic vibration and noise of such machines has gradually
become the focus and difficulty for relevant experts and scholars. In this
paper, a 12-slot/10-pole STFC-PM machine is investigated as the research
object. The generation mechanism of radial electromagnetic forces is
revealed based on the magnetomotive force (MMF)-permeance method,
and the air-gap magnetic field and spatiotemporal characteristics and
sources for the electromagnetic force harmonic components are analyzed
in depth. On this basis, the vibration noise characteristics and suppression

measures are studied. The main research contents include:
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Firstly, the MMF mathematical model of PM machine is constructed,
and the distribution of air-gap magnetic field under different operating
conditions is derived. The Maxwell stress tensor method is employed to
derive an analytical model characterizing the radial electromagnetic force,
and the sources of spatiotemporal order harmonics are classified and
summarized. Finite element is employed to investigate the spatiotemporal
distribution characteristics of radial electromagnetic forces and harmonic
distribution patterns under different operating conditions, providing basic
support for the suppression strategy of electromagnetic vibration noise.

Secondly, a multi physics coupling simulation model of
electromagnetic-structure-acoustic for PM machine is established, and the
combined modal shapes and natural frequencies of stator core and housing
are analyzed. Based on the modal superposition method, the vibration
characteristics under no-load and load conditions and the noise distribution
at different speeds operation are studied. The results show that the motor
amplitude and sound pressure level reach the maximum value at 2fy, the
machine amplitude and noise reach their maximum values. With the
increase of the speed, vibration and noise will further intensify, especially
the part of the speed exceeding 6000r/min.

Then, in response to the problem of high vibration noise at high speeds,
two suppression methods are proposed: stator tooth chamfering and rotor

slotting. A comprehensive investigation is conducted on the influence of
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different methods on magnetic flux density harmonics, low-order radial
electromagnetic forces, and vibration characteristics, and electromagnetic
properties of the optimized structures are compared. The results show that
the open slot design exhibits higher torque capacity due to the reduction of
end leakage flux, but there are issues with high torque ripple and excessive
noise. The use of stator tooth chamfering structure reduces vibration and
noise by 11.1% and 6.64%, respectively. Verified the effectiveness of the
proposed suppression method.

Finally, a vibration and noise experimental platform was established
to conduct basic electromagnetic performance and vibration-noise tests on
the prototype. The results demonstrated a high degree of consistency
between the experimental data and finite element analysis results, which
validated both the accuracy of the finite element method and the
effectiveness of the proposed suppression approach. This study addresses
the NVH issues caused by high air-gap flux density in new EVs, improves
electromagnetic performance and enhances ride comfort, thereby
providing reference value for promoting the development of new EVs.

Shu Haolin (Electronic Information)

Supervised by Professor Jiang Ming

KEY WORDS: spoke-type permanent magnet machine, radial

electromagnetic force, modal analysis, rotor slotting, vibration noise
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