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Abstract: [ Objective ] To address the issue of high-
amplitude and low-order harmonics in the magnetomotive force
of fractional slot concentrated winding ( FSCW ) induction
motors, this paper proposes three different harmonic
suppression schemes: dual Y-shaped winding, star-delta
winding, and specific subharmonic suppression winding,
aiming to suppress non-dominant pole harmonics. [Method ]
First, the basic principles of the three harmonic suppression
schemes and the distribution patterns of magnetomotive force
harmonics under different pole-slot combinations were
analyzed. Second, the relationship between the winding
distribution factor for each harmonic and the number of turns
in different schemes was derived. Then, the theoretical
calculation of the suppression effects on the magnetomotive
force of various harmonics under different harmonic
suppression schemes was carried out. Finally, a 2D finite
element model of the FSCW induction motor was established ,
and the electromagnetic characteristics of the motor under
different schemes were compared and analyzed. [Results]
Simulation results show that the three harmonic suppression
schemes can effectively

suppress non-dominant  pole

harmonics, reducing torque ripple and motor core loss.
However, there are significant differences between the

schemes. [ Conclusion] Considering the characteristics of
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different harmonic suppression schemes, this study provides a
reference for the selection and design of harmonic suppression
schemes in future motor applications.

Key words: fractional slot concentrated winding; induction
motor;  harmonic

suppression;  magnetomotive  force;

electromagnetic characteristic analysis
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Concentrated Windings
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Fig.1 Star diagram and axis position of 11 pole pairs

of electromotive forces in stator and rotor
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Fig.7 Star diagram of slot electromotive force in the

original winding and harmonic suppression winding
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Fractional slot concentrated windings ( FSCWs)
are widely used in many fields due to their high
power density, high efficiency, and compact size.
However, the special spatial distribution of FSCW
leads to the generation of rich harmonic components
in the air gap, which significantly affects the
performance of the motor. Therefore, it is crucial to
select the appropriate harmonic suppression scheme
that meets the motor’s electromagnetic performance.

This paper proposes three different harmonic
suppression schemes: dual Y-shaped windings, star-

delta

suppression windings, focusing on suppressing the

windings, and  specific  subharmonic
7th harmonic, which has a higher amplitude in the
winding. Using an FSCW induction motor with 24
stator slots and 18 rotor slots as a model, a 2D

established

Through theoretical calculations and finite element

simulation model was in  Maxwell.
simulations, the electromagnetic characteristics of the
three harmonic suppression schemes were compared
and analyzed from five perspectives; air gap
magnetic flux density, rotor induced electromotive
force, inductance parameters, electromagnetic
torque, and motor losses. The conclusions are as
follows :

The dual Y-shaped

harmonics by shifting a specific mechanical angle;

winding  suppresses

the star-delta winding suppresses harmonics through
angle shifts and a special winding structure; and the
specific subharmonic suppression winding suppresses
harmonics by adjusting the magnitude and direction
of the 7th harmonic magnetomotive force at the
dominant pole on the axis.

All  three
effectively suppress the 7th harmonic; the star-delta

harmonic  suppression  schemes
winding achieves the best suppression of both the 7th
and 5th harmonics, but the amplitude of the 11th
harmonic at the dominant pole decreases the most;
the specific subharmonic suppression winding almost
completely suppresses the 7th harmonic and also
partially suppresses the 5th harmonic; the dual Y-
shaped winding suppresses both the 5th and 7th
harmonics.

All three schemes sacrifice part of the main flux
to achieve harmonic suppression, but the reduction
in main flux leads to a decrease in the average
electromagnetic torque, while harmonic suppression
reduces torque ripple.

The electromagnetic characteristics of the motor
differ under different harmonic suppression schemes.
In motor design, considerations such as torque ripple
ratio, motor losses, and winding complexity can be
comprehensively evaluated based on the required

conditions.
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