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Introduction

In recent years, with the rapid development of electric vehicles, more and more attention
has been paid to the NVH issues of electric vehicles. Therefore, the vibration and noise of the
motor have attracted much attention. To solve the problems related to vibration and noise of
the motor, a finite element model (FEM) equivalent to the actual structure is needed to facilitate
subsequent analysis and research. Although research on motor vibration has been ongoing for
many years, because the motor stator is made of multiple silicon steel sheets laminated, it is
more complex than other integrally formed structures, which can easily lead to considerable
errors between simulation results and experimental data. [1]. Chai et al. [2] approximated the
stator of the permanent magnet synchronous motor as a continuous solid with composite
material, and evaluated the equivalent elastic coefficient of the stator material according to the
Voigt-Reuss equation, and then used FEA and EMA to verify the consistency between the two.
If the stator material is assumed to be orthotropic materials during finite element analysis, there
will be a high consistency between the material parameters of the finite element model and the
material parameters of the actual structure [3, 4].
Modeling and modal analysis

To obtain a FEM that is equivalent to the actual structure, this study uses modal verification
to test the validity of the FEM. First, the geometric model and FEM of the stator and rotor of a
motor are established, as shown in Fig. 1 and 2, respectively. The commercial software ANSYS
Workbench is used to conduct FEA of the model, and the modal parameters are obtained.
Material properties of rotor and stator cores includes that the Young's modulus is 180GPa,
Poisson ratio is 0.3, and mass density is 7600 kg/m3 Next, we conducted an experimental
modal analysis (EMA) of the rotor and stator. The rotor and stator was suspended to simulate
the free boundary, as shown in Fig. 3. We then used a moving impact hammer and a fixed
accelerometer to conduct experiments to obtain the modal parameters of the rotor and stator.
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From the results of modal identification, there is a large error between the natural
frequencies obtained from FEA and ones through EMA in the 31, 4t 7th 11t and 13" modes
corresponding to stator, with the maximum error as high as 39.81%, while the 17t, 18th, 21st,
and 22" modes corresponding to rotor, with the maximum error as high as 88.70%. The reason
for this phenomenon may be that the rotor and stator is assumed to be an isotropic material in
FEA. However, the actual structure is made of multiple laminated silicon steel sheets and is not

an integrally formed structure. Therefore, assuming
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Conclusion

To obtain a finite element model of the rotor and stator that is equivalent to the actual
structure, this study conducted FEA and EMA respectively. According to the results, the
following two points can be summarized:

1. Since the rotor and stator is made of laminated silicon steel sheets, setting the rotor and

stator as isotropic material in the FEA cannot obtain a model equivalent to the actual structure;

in the future, the isotropic material will be corrected to be positive based on the literature. Using

anisotropic materials makes the natural frequencies between FEA and EMA more consistent.

2. Due to insufficient measurement freedom, the measurement freedom cannot describe high-

order modal shapes (corresponding to stator) and results in a low MAC value. In the future, the

measurement freedom can be adjusted or increased to obtain a more complete mode shapes.
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