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Abstract: A large number of non-dominant pole-pair
harmonics are present in fractional slot concentrated winding
(FSCW) induction motors, resulting in high torque ripple
and core losses. To address this problem, a FSCW doubly-fed
induction motor with a 15-slot stator and 18-slot rotor was
used to study the torque characteristics and core loss
characteristics of this type of motor. Firstly, the structure and
working principle of FSCW doubly-fed induction motor were
introduced, and the stator current equation under doubly-fed
operation was derived. Secondly, the sum of self-inductance
and mutual inductance of the first n harmonics of the stator
and rotor under a specific pole-slot fit was calculated using
the winding function method and turns function method.
Then, the electromagnetic torque was theoretically calculated
based on the virtual displacement method, and the results
were compared and analyzed with the finite element simulation
results as well as the experimental measurement results.
Finally, the

torque  characteristics and core loss
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characteristics under different operating conditions were
analyzed, revealing the variation patterns of electromagnetic
torque ripple frequency and core losses at different slip rates.
Specifically, the torque ripple frequency increased as the slip
rate decreased, while core losses decreased with the reduction
in slip rate.

Key words: fractional slot concentrated winding; doubly-fed

induction motor; electromagnetic torque; core loss
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In recent years, permanent magnet direct drive
systems and doubly-fed systems have become the
mainstream technologies for high-power wind power
generation systems. However, as wind turbine
capacity increases, the growing size of motors limits
the installation and configuration of permanent
magnet direct drive systems. Applying fractional slot
concentrated winding (FSCW) in doubly-fed systems
not only achieves direct drive control, but also
effectively reduces motor size and improves power
density.

To address this issue and accurately analyze the
electromagnetic torque and core loss characteristics of
this type of motor under different operating
conditions, an FSCW doubly-fed induction motor
with 15 stator slots and 18 rotor slots was used as the
research object in this paper. First, the structure and
working principle of the FSCW doubly-fed induction
motor were introduced. Next, the stator and rotor

doubly-fed

considering the dominant pole-pair magnetic field,

voltage equations under operation,
were formulated. These equations were solved using
Laplace transformation to obtain the stator current
equation. The winding function method and the turns
function method were introduced to analyze the sum
of self-inductance and mutual inductance for the first
n harmonics of the stator and rotor in the FSCW
induction motor with specific pole-slot
configurations. Then, based on the theory of virtual

displacement, the electromagnetic torque of the

FSCW doubly-fed induction motor was calculated and
separated into Lorentz force torque and reluctance
torque. The electromagnetic torque and core loss
characteristics of the FSCW doubly-fed induction
motor under different operating conditions were
analyzed using the finite element method ( FEM).
An experimental prototype platform for the
FSCW doubly-fed induction motor was established,
where a three-phase symmetrical voltage excitation of
40 V/50 Hz was applied to the stator side, and a
three-phase symmetrical current excitation of 1 A/
50 Hz was applied to the rotor side, controlled by an
Rtunit rapid prototype development controller and a
fully controlled three-phase bridge inverter. Using a
prime mover to drive the FSCW doubly-fed induction
motor at a slip rate of 0.3, the electromagnetic torque
and core loss were measured.
under slip rate

In  conclusion, specific

conditions, the comparison between theoretical
electromagnetic torque and FEM results showed that
the average torque and torque ripple error were

7.5% , while the

experimental measurements showed that the average

within comparison  with
torque and torque ripple error were within 15%. The
core loss experimental values were within 7% of the
FEM results. Based on the FEM analysis, it was
concluded that the torque ripple frequency increased
as the slip rate decreased, and the average core loss
without

decreased with decreasing slip rate,

considering rotating magnetization effects.
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