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Analysis of the Influence of Inverter Time Harmonic Current on the

Performance of Permanent Magnet Shielded Motors

CHI Lei” , LI Ming, WANG Rong
( College of Control Science and Engineering, Bohai University, Jinzhou 121000, China)

Abstract: [ Objective] Permanent magnet shielded motors
are widely used in fields that require high sealing and
stability. These motors are typically powered by inverters, but
the time harmonic currents generated by the inverter can lead
to a deterioration in motor performance. Therefore, an in-
depth study of the impact of time harmonic current on motor
performance is essential for optimizing motor design and
ensuring stable operation when powered by inverters.
[Methods] A finite element method was employed to model a
permanent magnet shielded motor with a rated power of
1.5 kW and a rated speed of 9 000 r/min. This study
compared and analyzed the eddy current losses in the
permanent magnets, shielded sleeve losses, torque
characteristics, efficiency, and power factor of the motor
under excitation from 5th and 7th order time harmonic
currents with different amplitudes. Different materials for the
shielded sleeve were also considered. [Results] Simulation
results showed that the injection of harmonic excitation
significantly affected the motor losses. As the harmonics order
and amplitude increased, both the eddy current losses in the
permanent magnets and the losses in the shielded sleeve
showed an upward trend. Notably, when using SUS430
shielded sleeves, the increase in eddy current losses was the
largest due to its higher electrical conductivity and magnetic
permeability. The harmonic current had little effect on the
average torque, but the torque fluctuation grew significantly
with increasing harmonic order and amplitude. The SUS430

material, due to its high magnetic permeability, effectively
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reduced the magnetic resistance in the magnetic circuit,
thereby minimizing torque fluctuation. The power factor of the
motor showed minimal variation, while the efficiency
gradually decreased as the harmonic amplitude increased.
[Conclusion] This study reveals the effects of time harmonic
currents caused by inverter power supplies on the performance
of permanent magnet shielded motors, including increased
eddy current losses in the permanent magnets and shielded
sleeve, greater torque fluctuation, and reduced efficiency. It
not only provides theoretical basis for optimizing the design of
permanent magnet shielded motors and for harmonic
suppression, but also offers valuable insights into improving
the performance and reliability of permanent magnet shielded
motors in practical applications.
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Tab.1 Parameters of permanent magnet shielded motor
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Bk 6
FE T PR R A/ mm 0.5
¥ PR R A/ mm 0.5
ETFIME/ mm 107
BT hME/mm 49.5
HE SR/ e 450

E1 BAERTER
Fig.1 Finite element model of the motor
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Tab.2 Excitation settings
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Tab.3 Physical properties of shielded sleeve materials

. ZHUE
E L EA S
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Fig.2 Rated current of motor with different shielded

sleeve materials
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Tab.4 Effect of time harmonic current on eddy

current losses in permanent magnets
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Fig.3 Effect of time harmonic current on the eddy

current density of shield sleeve
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Tab.5 Effect of time harmonic current on shield
sleeve losses
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Fig. 4 Effect of time harmonic current on torque
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Fig.5 Effect of time harmonic current on torque

fluctuation
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Tab.6 Impact of time harmonic current on efficiency

and power factor

AR Casel Case2 Case3 Cased Case5
WHE/ % 53.65 5349 5329 53.57  53.42
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Fig.7 Comparison of no-load back EMF simulation

and measured waveforms
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