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The magnetic flux waveform in induction motors and the output
voltage waveform in synchronous generators are of particular
importance as the most influential factors in the two operating modes
of AC electrical machines, which are usually quasi-sinusoidal and have
numerous harmonic components. The most important effects of
harmonic components include changing the operating point,
increasing core losses, increasing noise and vibration, increasing
torque ripple, and also reducing the stability of electrical machines.
One solution to improve the performance of electrical machines is to
reduce or eliminate the amplitude of disturbing harmonics. In this
paper, the conventional winding structure in alternating current
electrical machines will be examined and the amplitude of harmonics
will be evaluated. In order to attenuate or eliminate the disturbing
harmonics, a new design based on a four-layer winding scheme, based
on a combination of conventional winding designs (one and two
layers) and a three-layer winding scheme, has been proposed. In the
proposed design, the winding is based on a fractional pitch and using
achange in the number of turns and the position of the coils. To verify
the proposed design, ANSYS MAXWELL software has been used to
measure the magnetic flux, induced voltage, and torque ripple for two
three-phase, two poles, 200-watt induction motors. The results
obtained from these two motors in the simulation indicate that the
motor performance is improved using the proposed design.
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EXTENDED ABSTRACT

Introduction

Reducing torque ripple in induction motors and sinusoidalizing the induced voltage
waveform in synchronous generators are important goals for designers of alternating
current (AC) electrical machines. To achieve this goal, the magnetomotive force (MMF)
waveform must be sinusoidal or quasi-sinusoidal, which makes it impossible to achieve
the design goals due to the presence of various harmonics. With a general review of the
MMF waveform, it has many odd harmonic components, and several methods have been
proposed to eliminate or reduce them. Typically, the winding function is used to
investigate the harmonic components in the winding of AC machines. The approach and
performance of the winding function in AC machines have been investigated in several
papers. The analysis of different winding structures using the winding function for AC
machines has been evaluated in various references. One of the important applications of
the winding function is fault detection in induction motors. Typically, the windings used
in AC machines are single or double layer and full pitch or fractional pitch. To improve the
performance of induction motors, one method is to use a new design in the stator winding
structure by changing the shape of the stator slots and the number of turns of the coils. It
is also possible to replace the single- and double-layer winding with a three-layer winding
structure, with the aim of reducing and eliminating harmonic components in induction
motors and synchronous generators. In this method, the use of windings with different
numbers of turns in each slot is proposed.The use of concentrated windings is common
in permanent magnet (PM) machines. Furthermore, numerous articles have been
presented on various types of PM machines by changing the shape and material of the
magnets to reduce torque ripple and make the induced voltage sinusoidal. One of the
major problems in induction motors is noise and fluctuations, which must be minimized.
In this regard, to reduce these parameters, an analysis was conducted on the winding, and
methods were presented.In general, to eliminate harmonic components in AC electric
machines, it has been proposed to design multilayer windings, use special barriers in the
stator teeth, introduce a special mathematical function, and design the stator with
windings of different slots. In the present research, different conventional types of stator
windings of AC electric machines were investigated, focusing on the MMF waveform and
conducting a Fourier analysis. The harmonic components of each waveform were
obtained, and then their THD was calculated. In order to reduce the amplitude of
harmonic components, reduce iron losses and increase efficiency and reduce torque
ripple in induction motors, a four-layer winding design was proposed instead of single
and double-layer windings. In this design, a combination of two- and three-layer windings
with short-pitched winding was used. Then, the winding function, the expanded diagram
and the MMF waveform were introduced, and a general comparison was made between
them. To verify the proposed design compared to the conventional design, an induction
motor with a similar structure was considered for simulation in the ANSYS MAXWELL
software, and after examination, the results obtained indicated the superiority of the
proposed design over the conventional design. Finally, the simulation results were
examined.
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Methodology

The proposed winding structure is based on a combination of conventional winding (one
and two layers) and three-layer winding. In this design, a short-pitched winding was used
and the number of turns in each slot was different. To investigate and compare the winding
structure of the proposed design with the conventional design, the winding function was
used. After drawing the winding function, the harmonic components were obtained based
on Fourier analysis and their THD was calculated. The obtained THD value indicated the
superiority of the proposed design; the induction motor simulation was performed in
ANSYS MAXWELL software for the proposed and conventional designs. The waveforms of
output torque and induction voltage were obtained and compared in the two designsThe
results of static and no-load tests show that the manufactured electromotor has similar
values to the original sample and is in a better condition in a number of cases. Figure 2 shows
the motor produced.

Results and Discussion

To compare the proposed design with the conventional design, the torque changes were
obtained in ANSYS Maxwell software and are shown in Figure 1. At an equal mechanical
load, the torque distortion in the conventional design motor was greater than that of the
proposed design.
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Figure 1. Induction motor torque.
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Conclusion

The performance of induction motors is of particular importance due to their wide
application. Among the issues under consideration was torque ripple. The torque distortion
factor should be close to zero. To achieve this goal, the harmonic components of the
magnetic flux or MMF waveform should have a maximum value for the fundamental
component and zero or a minimum for the other components. In the current study, the
conventional winding structure of one and two layers, as well as full and fractional pitch,
was studied, and then their harmonic components were calculated using Fourier analysis.
To reduce the amplitude of the disturbing harmonics, a four-layer winding design was
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proposed and its harmonic components were obtained. In induction motors, due to the
importance of the 5% and 7t harmonic components, the focus has been on reducing them.
In the proposed design, compared to the conventional design, the amplitude of the 5t
harmonic relative to the fundamental component decreased from 1.146% to 0.33 % and for
the 7% harmonic from 0.62% to 0.13 %. To verify the proposed design compared to the
conventional design, a simulation was performed in ANSYS MAXWELL software and its
results were evaluated. In the proposed design, the waveform of the induced voltage had
less distortion than the conventional design. In addition, the torque distortion factor in the
four-layer induction motor was much lower than that of the two-layer induction motor,
which indicates the better performance of the proposed design (33.04% versus 60.24%).
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