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Abstract

Permanent magnet synchronous motors are widely used in fields such as new energy vehicles due
to their advantages of high efficiency, high power density, low noise, and high-precision control.
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With the continuous development of high-speed motor technology, the demand for higher speed
torque further exacerbates the risk of rotor failure, manifested as phenomena such as rotor yoke
single piece protrusion and magnetic bridge fracture. As the core component of the electric drive
system, the thermal mechanical coupling stress analysis of the motor rotor and the determination
of the dominant failure load have guiding significance for the design of automotive drive motors. By
establishing a rotor model of a permanent magnet synchronous motor and conducting temperature
field simulation and stress field simulation analysis, the thermal mechanical coupling stress of the
rotor was obtained. At the highest dynamic operating speed of the motor in this paper, the mechanical
stress of the rotor was 121.35 MPa, and the thermal mechanical coupling stress was 142.42 MPa, of
which mechanical stress accounted for 85.21%. The main load causing the failure of the motor rotor
was identified, laying the foundation for the design of high-speed and high-power vehicle drive motor
rotors in the future.
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Table 1. Motor dimensional parameters
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Figure 1. Three dimensional finite element model of motor rotor
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Figure 2. Operating conditions of the motor
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Table 2. Material parameters of each part of the motor rotor
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Figure 3. Losses of various components in the rotor
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Figure 5. Distribution of rotor temperature field
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Figure 6. Distribution of thermal stress in the rotor
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Figure 7. Mechanical stress distribution diagram of rotor
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Figure 8. Distribution of thermal mechanical coupling stress in the rotor
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