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Abstract

The purpose of this paper is to develop a high-speed permanent magnet synchronous motor for a
fuel cell air compressor with a rated 10 kW, maximum speed of 100,000 rpm. Aiming at the exces-
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sive centrifugal stress of permanent magnet motor at ultra-high speed, the permanent magnet ten-
sile magnetization deformation and the torsion resonance of slender rotor at high speed, this pa-
per focuses on the design and calibration of high-speed rotor system. The effect of the sheath sur-
plus and thickness on the stress strain of the rotor component is studied by finite element analysis,
and the optimal surplus and the sheath thickness between the permanent magnet and the sheath
are determined. The results of high speed modal analysis of the rotor system show that the first and
second critical speeds of the rotor system are much greater than the highest operating speed of the
motor, designed motor rotor system will not have torsional resonance phenomenon at high speed.
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Figure 1. Assembly diagram of permanent magnet and sheath
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Table 1. Calculation results of equivalent stress of permanent magnet and sheath under different interference

# 1 TRSEETHKEE. FEFYUNNHELSR

i TR RN 1/MPa {RAPE RN J1/MPa
i & & /mm
e/ ME RAE e/ ME i KE

0.06 56.46 99.03 299.4 3229
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0.10 58.25 104.10 400 456
0.12 59.42 107.92 473.9 537.9
0.14 61.32 110.34 548.1 628.6
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Figure 2. Variation of equivalent stress of sheath under different interference
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Table 2. Calculation results of equivalent stress of permanent magnet and sheath with different sheath thickness
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Figure 3. Equivalent stress variation of permanent magnet and
protective sleeve under different sheath thickness
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Figure 4. Von Mises stress distribution of rotor system (unit: MPa)
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Figure 5. Maximum deformation of rotor at different speeds
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Figure 6. Displacement nephogram of rotor system (unit: mm)
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Figure 7. Nephogram of first four natural frequencies and vibration modes of rotor (unit: mm)
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