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Abstract: The intensification of competition in the field of
new energy vehicles has raised the requirements for the noise,
( NVH)

performance of drive motors. The eccentricity of the air gap

vibration, and acoustic vibration roughness

may also cause vibration and noise problems in the vehicle
motor. This article takes a permanent magnet synchronous
motor with a rated power of 35 kW as the research object, and
uses a combination of analytical and finite element simulation
methods to analyze the effects of rotor dynamic eccentricity
and rotor static eccentricity on the electromagnetic force
characteristics of the vehicle motor. And a finite element
modal simulation model of the motor structure is established,
accurately analyze the working mode of the vehicle motor.
Based on acoustic simulation analysis, the influence of
eccentricity and static

different degrees of dynamic

eccentricity on the electromagnetic noise  spectrum
characteristics of two key working points of vehicle motors is
analyzed. Finally, the correctness of the theoretical analysis
is verified through motor noise testing experiments in a semi
anechoic room.

Key words: permanent magnet synchronous motor for
vehicle; rotor eccentric; electromagnetic force; NVH
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Fig.1 Schematic diagram of rotor eccentricity
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Fig. 6 Unbalanced magnetic pull and eccentricity curve
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Rotor eccentricity fault is one of the common
faults in motor operation. The eccentricity inside the
motor is very complex. Due to factors such as
machining errors and unbalanced excitation, the
motor may experience rotor eccentricity. As shown in
Fig. 1, the most common eccentricity faults during
motor operation are divided into static eccentricity,
dynamic eccentricity, and mixed eccentricity, with

dynamic eccentricity and static eccentricity being the

two most important types.

Change in
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Fig.1 Schematic diagram of rotor eccentricity

At present, the focus of literature research on
the impact of eccentricity on electromagnetic force is
on the analysis of the generated air gap and
unbalanced magnetic pull. There is a lot of research
on the eccentricity problem of asynchronous motors,
but there is less research on the eccentricity problem
of built-in permanent magnet synchronous motors and
the impact of eccentricity on NVH performance.

At present, the research progress and depth in
the field of new energy vehicle motors are increasing
day by day, and people are increasingly choosing
vehicles. Al

performance need to be strictly controlled. In some

new energy aspects of motor
extreme driving processes, the motor will be in peak

power state for a period of time, so it is necessary to

analyze the NVH performance of the motor in peak
power state. If the performance of the motor can meet
the requirements under peak conditions, it can also

meet the requirements under rated conditions.

Rotor eccentricity

Static eccentricity Dynamic eccentricity

The impact on the
electromagnetic
force of the mator

JVH performance

Fig.2 Analysis flow chart

This article takes a 6-pole 36 slot rated power
35 kW permanent magnet synchronous motor for
vehicles as the research object. The analysis process
is roughly shown in Fig.2. The combination of
analysis and finite element simulation is used to
analyze the effects of rotor dynamic eccentricity and
rotor static eccentricity on the electromagnetic force
characteristics of the motor. A finite element
simulation model is established of the motor and
accurately analyzed the working mode of the
automotive motor. Based on acoustic simulation
analysis, the influence of different dynamic and
static eccentricities on the frequency spectrum
characteristics of electromagnetic noise at two key
operating points of automotive motors is analyzed.
The correctness of the theoretical analysis is verified
through motor noise testing experiments in a semi

anechoic chamber.
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