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Abstract: To address the fixed air-gap magnetic field of

permanent magnet synchronous motors and the
inefficiencies of traditional electrically excited motors, a
novel parallel dual-rotor hybrid self-excited motor is
introduced. Firstly, the proposed motor utilizing the
harmonic excitation principle, it allows for flexible control
of excitation current by adjusting harmonic voltage, which
enhances speed control in medium and high-speed ranges.
Secondly, under the premise of ensuring that the power
remains unchanged, the proportion of each of the two
parts is analyzed, and then the excitation source
parameters are optimized and designed. Finally, the
performance of the proposed motor is verified by adjusting
the magnitude and direction of the excitation current and
using the two-dimensional finite element model. The
simulation results show that the proposed motor has a
good ability to adjust the magnetism, and in the case of

weak field, the amplitude of the back electromotive force
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is close to 0, which can effectively realize the speed
adjustment,
dual-rotor;

Key words: hybrid self-excited motor;

parallel; finite element model
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Fig. 2 SESM excitation schematic
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Despite permanent magnet synchronous
motors (PMSMs) have high power and torque
density due to the use of permanent magnets as

suffer from an

field,

speed range, and restricted application scenarios.

the source of excitation,

unadjustable air-gap magnetic limited
Coupled with the inefficiencies of traditional
electrically excited synchronous motors caused
by significant losses in the excitation winding,
the presence of an additional excitation system.
lower integration, and larger size, a self-excited
synchronous motor that do not require an
additional excitation system is proposed at this
paper. A hybrid self-excited motor utilizing both
harmonic excitation and permanent magnet
excitation sources is designed.

Firstly, the harmonic excitation principle of
self-excited synchronous motors, and the concept
and principle of magnetic flux adjustment in parallel
dual-rotor synchronous motors are introduced at this
paper. Based on these principles, a new type of
hybrid self-excited motor is designed, expanding the
operating ranges of permanent magnet Synchronous
motors.

Subsequently, optimizations are conducted
on key parameters that have a decisive impact on
motor performance, specifically the width of the
permanent magnet and the turn ratio between the
harmonic winding and the excitation winding.

Finally, due to the low efficiency and high

memory consumption of three-dimensional finite

element simulations, a two-dimensional finite
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element simulation is conducted using Ansys
Maxwell and Ansys Simplorer to analyze the
motor > s magnetic adjustment performance.
Based on the designed prototype model, the
simulation of magnetic adjustment performance
is carried out to obtain parameter curves of back
electromotive force and phase magnetic flux
linkage under different magnetic adjustment
states. The results demonstrate that the new
parallel hybrid self-excited motor possesses good
bidirectional magnetic adjustment capabilities,

effectively enabling speed regulation.
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