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Abstract: [ Objective] Fractional slot concentrated winding
(FSCW) has the advantages of high torque density and low
copper consumption, but its rich harmonic magnetic field and
high proportion of low-order harmonics can cause torque
ripple, affecting motor stability. This study focuses on FSCW
induction motors. [ Methods] Based on the initial rotor
position, the expressions for each harmonic magnetic density
in the air gap were deduced; the influence of each harmonic
magnetic density on the total torque was qualitatively
analyzed; and Maxwell variant was applied to calculate the
electromagnetic torque of the motor. Secondly, through
mathematical analysis and finite element simulation, the
effects of the initial rotor position on the harmonic magnetic
flux density in the air gap and the electromagnetic torque of
the motor were analyzed. Finally, the prototype locked-rotor
test was carried out. [ Results] The correctness of the
theoretical analysis of the magnetic flux density in the air gap
and electromagnetic torque of the FSCW induction motor was
verified based on theory, simulation, and experiment.

[Conclusion] Starting the motor with different rotor initial
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positions can result in varying electromagnetic torque.
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Fig.1 Structural diagram of FSCW induction motor
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Tab.1 Parameters of stator-rotor FSCW induction motor
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Fig.2 Spatial position diagram of stator and rotor
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Fig.3 Harmonic vector diagrams of stator and rotor
magnetic field under different operating conditions
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Fractional slot concentrated winding ( FSCW)
has the advantages of high torque density and low
copper consumption, but its rich harmonic magnetic
field and high proportion of low-order harmonics can
cause torque ripple and affect the stability of the
motor. It is found that starting the motor with
different rotor initial positions can result in varying
electromagnetic torque.

This study focused on FSCW induction motors.
Based on the initial rotor position (as shown in
Fig.1), the formulas for each harmonic magnetic
density of the air gap were deduced, and the
influence of each harmonic magnetic density on the
total torque was qualitatively analyzed. Mathematical
analysis and finite element simulation showed that

the

of each harmonic

different initial rotor positions influenced

amplitude and phase angle
magnetic density of the air gap, leading to changes in
the motor “s average torque and torque ripple. The
5th, 7th, and 11th harmonic magnetic densities were
most significantly affected.
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Fig.1 Spatial position diagram of stator and rotor
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Maxwell variant was applied to calculate the
When the

positions were 0°, 90° and 225° (‘as shown in

electromagnetic torque. initial  rotor
Tab.1) , the total electromagnetic torque of the motor
was positive, indicating electric operation. When the

315°, the

electromagnetic torque of the motor was negative,

initial  rotor  position  was total
indicating power generation. The Maxwell variant,
which eliminated the need to select an appropriate
integration path, achieved a high accuracy with an
error rate of approximately 1.9% compared with the
simulation results.

Tab.1 Analysis of electromagnetic torque at different

initial rotor positions

Initial rotor Average electromagnetic )
Torque ripple/%

position /(°) torque /(N+m)

0 0.090 32 7.74
90 0.064 49 7.98
225 0.351 23 2.6
315 -0.155 11 6.77

The correctness of the theoretical analysis of the
air gap magnetism and electromagnetic torque of the
FSCW induction motor was verified through the
This

qualitatively analyzed the effect of initial rotor

prototype  blocking  experiment. study
position on electromagnetic torque, offering insights
for analyzing the electromagnetic torque of similar
motors. Future work could involve separating and

quantitatively analyzing various harmonic torques.
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