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Abstract:

Introduction: This research presents a novel improved asymmetric pulse width modulation
technique for increasing the efficiency of a capacitor-powered, pulse width modulated
(PWM) AC chopper-supplied induction motor. It uses a water cycle optimization technique
based on evaporation and incorporates 4 distinct pulses in each quarter cycle. It is compared
with the standard method of sinusoidal pulse-width modulation. Power quality is defined by
properties such as input power factor, efficiency, and total harmonic dispersion of voltage
and current. Simulation results yields better response for the proposed method when
compared with the conventional technique.

Objectives: The goal of the study is to minimize total harmonic distortion of voltage and
total harmonic distortion of current while optimizing power factor and efficiency in order to
improve power quality metrics. This paper focuses on obtaining the optimal switching angles
by an evaporation-based water cycle algorithm.

Methods: The pulses in the enhanced asymmetrical pulse width modulation approach have
varying widths while maintaining quarter cycle symmetry. The switching on angles and
switching off angles is varied. The proposed enhanced asymmetrical pulse width modulation
by evaporation-based water cycle algorithm and conventional sinusoidal pulse width
modulation technique is compared.

Results: The simulation results show that performance parameters by proposed technique is
better compared to conventional technique. The controlling techniques implemented for
PWM AC chopper are sinusoidal pulse width modulation and enhanced asymmetrical pulse
width modulation by evaporation based water cycle optimization algorithm.

Conclusions: This paper discusses novel optimization algorithm for the speed control of
capacitor run induction motor with improved parameters. The performance enhancement
parameters taken into account total harmonic distortion of current, total harmonic distortion
of voltage, efficiency and power factor. This work can be compared with the other techniques
like particle swarm optimization, cuckoo search optimization and proposed technique for the
enhanced asymmetrical pulse width modulation for capacitor run induction motor.

Keywords: Evaporation based water cycle algorithm, Efficiency, Asymmetrical pulses,
Switching angles

1. Introduction

High power factor during operation is an inherent benefit of the capacitor run induction motor. In
industry, fans are used to circulate air within buildings, and speed control is essential. The industrial
specifications need high power quality for efficient operation [1]. The power quality parameters are
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good power factor above 0.8 and the harmonic distortions should be below 5% as per the IEEE standard
[2]. The literature lists several methods for controlling the speed of an ac to ac converter, including
integral cycle control, ac voltage controllers, single and other practices followed [3]. Comparing the
modern techniques to other methods mentioned in the literature, the former performs better.

The novel ac to ac converter is proposed to minimize the sag and swell problems [4]. Compared to the
conventional type the shoot through problem is not possible as both the switches can be turned on [5].
Validation and application of the simulation and experimental results to various industrial applications
are done [6]. The teaching learning optimization approach is used by the PWM AC chopper to lower
the output voltage's harmonic. The intended output voltage serves as the basis for the objective
function, and the switching angles are chosen to minimize total harmonic distortion. The simulation is
carried out by PSIM software to validate the result [7].

The multilevel inverter by Taguchi design approach is used to choose the parameters for genetic
algorithm for the design of switching angles. The simulation is validated with PSIM software and the
result shows that %THD is 15% or more for the odd harmonics and need to reduce to lesser value for
better operation [8]. Solar powered induction motor control utilizes the PWM control for reducing the
total harmonic distortion of current [9]. The carrier frequency is inversely proportional to the harmonic
distortion. The simulation is incorporated using MATLAB and experimental analysis is not included
for validating the result [10].

2. Objectives

This article compares the recommended practices, which incorporates a proposed technique, with the
traditional controller. Enhancement of recommended practices is a new method of removing output
voltage harmonics. For capacitor-run induction motors, various optimization techniques are included
to improve performance under various loading scenarios.

For applying the increased asymmetrical pulse width modulation strategies, the literature provides the
following methods: whale optimization algorithm, genetic algorithm, meta-heuristic approach, and
bacteria foraging optimization [11]. This work is divided into four sections: section 3 controls the
induction motor that is run by a capacitor and details the mechanism for the water cycle that relies on
evaporation and section 4 contrasts the results of the proposed approach with those of the conventional
system. An induction motor with a fixed capacitor has a fixed capacitor for both initial and continuous
operation. The main application with the necessary control is required for domestic fans utilized in
industry and household applications.

3. Methods

Using a PWM AC chopper, capacitor run induction's performance is improved under sinusoidal pulse
width modulation control [12]. A primary IGBT device and a series of combinations with four diodes
are used in this topology. Through the main switch S1, the load current passes through both the positive
and negative half cycles. Due to the inductive nature of the motor load, adequate freewheeling action
is necessary for energy dissipation. Thus, supplemental switch S2 is used to dissipate power throughout
the positive half cycle and the negative cycle. It is necessary to generate the triggering signal for both
the freewheeling switch and the main switch. During the positive half cycle, electricity passes through
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diode D1, switch S1, diode D4, run the induction motor connected to the capacitor, and then return to
the supply. The current passes via the capacitor, the induction motor, diode D3, switch S1, diode D2,
and the linked supply voltage during the negative half cycle. The freewheeling action travels through
the following paths throughout the positive half cycle: load, D3', switch S2, D2', and load again. The
motion of freewheeling passes through the load path, D1', switch S2, D4', and back to load during the
negative half cycle.
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Fig. 1 - Induction motor driven by a capacitor supplied PWM AC chopper.

Pulses in symmetrical pulse width modulation have the same width and preserve full-cycle symmetry
[13]. The harmonics in the waveform are mathematically illustrated by the Fourier series; the harmonic
frequency component is separated using Fourier transforms [14]. The non-linear harmonic elimination
equation can be solved numerically using techniques such as the Newton Raphson method [15]. The
solution takes more iteration till it converges to reduced harmonic frequency components. Hence
different optimization techniques are evolved for solving these constraint problems [16]. Various
techniques, including genetic algorithms, particle swarm optimization, bee colony optimization, and
artificial intelligence techniques, are employed in harmonic elimination procedures. Assume that there
are N pulses. G1, G2, G3, G4, and H1, H2, H3, H4 are the switching moments that turn the device on
or off respectively. The output voltage expressed in the Fourier series is given as

V, =42V, YO+i(YpSin(pa)t)+YpCOS(pa)t) 1)

p=1
Where p=1,2,3...

When all parts are removed, the output voltage can be written as
V, =v2V, > (Y,Sin(pet) (2)
p=1

Wheren=1,3,5....

The expression for the fundamental quantity Y1 is

(3)

Y, ==>|H,-G, -

T

1d Sin2H, —CosZGq}

The expression for the Harmonic Quantity Yp is
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Sin(p-1)H, -Sin(p-1)G, B Sin(p+1)H, -Sin(p+1)G,

1

Y, ==> p-1 p+1 (4)
T'm

Where p=3,5,7...

The output voltage and current's total harmonic distortion is provided as [17]

THD == (6)

A suitable formulation is required to lower the total harmonic distortion at the output. The ideal
switching angles provide the pulses required for the ac chopper's improved asymmetrical pulse width
modulation. The provided objective function is as follows:

I\ﬁl,ian G= \/l(cl _Vref )2 +C32 +C52 +"'C”2J (7)

The goal function's constraint is stated [11]
0<A <B/ <4..< A  <B <B,(8)

A quarter cycle comprises N=4 pulses, Vref is the reference output voltage. Switching instants are
turned on and off by A and B. The greatest 90-degree switching angle is known as Bmax. The boundary
switching angles are represented by T, and for each set of pulses, the boundary is 22.5 degrees.

The fundamental concept of the evaporation-based water cycle algorithm relies on rivers and streams
flowing into the sea as a recurrent process [18]. Assuming a specific location experiences rainfall, the
first population of streams is created at random. The sea is chosen as the stream with the lowest objective
function and the best value. Directly into rivers or the sea go the other values of streams. The water
from the stream is absorbed by the sea or river. The many streams determine how much water is
transferred. Stream flow provides a better answer for the minimum objective function than rivers do,
and this can be traded for an accurate result [19]. In this sense, the optimal option also involves
exchanging the river and the sea. In order to prevent the objective function minimization becoming
convergent too soon, the evaporation operator is implemented. Drizzle is produced in streams and rivers
by the evaporation process that takes place in the sea [20]. By creating new streams and rivers near the
sea, the drizzle ensures the best possible result. Therefore, the stream and river's location is changed to
look for. The algorithm steps are discussed below

step 1: Select the Nsr, dmax, Npop, iteration number, and Pareto archive size as the search space's
starting parameters.

step 2: Select the starting population size at random for rivers, streams, and seas.
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step 3: calculate the objective function for each stream.

step 4: find the answers for the initial random population by storing them in the Pareto archive, then
determine the crowding distance to choose the rivers and sea.

step 5: find the flow concentration of rivers and sea by using the governing equations for calculating
the crowding values.

Obj, =FF, —~FF,.., n=123..,N_ (9)

(10)

Obj, N

Nsr

" 0bj,
n=1

NS, =round n=123..,N,

Streams

stage 6: The new position streams may flow directly to the sea, and the associated equation indicates
that exchanging the positions of the sea with the stream yields the least objective function.

Yt+1 =Yt

Stream Stream

+rand *C* (Ystea _Ysttream) (11)

stage 7: The equivalent equation is as follows: the new position streams flow into the rivers and swap
the locations of a river with stream to obtain the minimum objective function.

Yt+l =Yt

Stream Stream

+rand *C *(Yngver _Ysttream) (12)

stage 8: The new position river flows into the sea and exchange the locations of the sea with river gives
minimum objective function as the corresponding equation is

Yarer = Yauer +1ANA *C* (Yoo — Yaer) (13)

River River
The rand is the random value from zero to one.

stage 9: When the evaporation condition dmax is met, the rainy process begins. Determine the new
location with the lowest value by calculating the goal function. The Pareto archive is updated and the
higher values are removed.

step 10: Find each Pareto archive's crowding distance and remove the lowest values. Step 6 will be
followed if the convergence condition is not met by the newly chosen locations for the rivers and sea.

Table 1 The ideal angles for switching
VO Gl H1 G2 H2 G3 H3 G4 H4
100 12.03 225 2591 27.14 47.67 57.56 88.65 90
120 1298 21.48 23.86 33.02 64.37 66.45 875 90

140 152 20.22 3991 4251 48.13 53.95 68.66 90
160 187 16.06 32.34 37.94 45.08 67.21 7218 90

180 9.73 18.41 43.79 4420 52.06 58.27 75.40 90
200 2.74 17.06 29.82 3184 57.19 67.34 7150 90

4, Results
MATLAB software is used to compute the proposed algorithm.
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The following is a list of the parameters used.
Population size: 50

Number of rivers and sea: 4

Evaporation condition constant: 1e-5
Maximum number of iterations: 100

Table 2 presents a comparative analysis between the conventional technique, artificial bee colony
algorithm-based methodology, and modern technology. It suggests a proposed method for an output
voltage of 160V. The goal function's convergence attained after various iterations. There were 100
iterations in the outcome. Figure 2 displays the objective function after it has been decreased to a value
of 0.518%. Efficiency, power factor, and total harmonic distortion are the benchmarks for performance
improvement.

Table 2 Relative evaluation of several methods
Approach %THDv %THDi Power factor

EEWCA 1.25 0.82 0.93
BCO [5] 16.15 16.15 0.81
SPWM 22.66 11.62 0.83

512

Funclion Values
2

10 20 30 40 50 B0 70 a0 90
Number of terations

Fig. 2 - Convergence diagram for several repetitions.
5. Discussion

The suggested method has a total harmonic distortion current of 0.77% at 180V, compared to 17.8%
for the standard methodology. The suggested algorithmic approach is 17.03% less complex than the
traditional method. For the suggested approach, the total harmonic distortion current is within the IEEE
standard limit. Figure 3 illustrates how the reduced current harmonic distortion results in the least
amount of losses.
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Fig. 3 - %THD current for the suggested method and the traditional one.

The suggested technology has 1.12% overall harmonic distortion voltage at 180V, compared to 20.5%
for the conventional method. When compared to the conventional technique, the total harmonic
distortion voltage of the suggested technique is 19.38% lower. The total harmonic distortion voltage

for the suggested approach, under various loading conditions, is within the IEEE standard limit is
shown in figure 4.

— T

ge THD

AP A0 A0
Output Voltage in Volts
- EEWCA - SPWM

Fig. 4 - % THD voltage for proposed and conventional technigue.

At 180V, the evaporation-based water cycle algorithm has a efficiency of 76% compared to the
sinusoidal pulse width modulation technique of 67%. It infers that the evaporation-based water cycle
algorithm technique has 9% more efficiency compared to the sinusoidal pulse width modulation
technique. The proposed method is better when compared to the conventional method for the capacitor
run induction motor is shown in figure 5.

_

THD

R 0 o
Output Voltage in Volts
= EEWCA - SPWM

Fig. 5 - %Efficiency for proposed and conventional technique
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At 180V, the evaporation-based water cycle algorithm has a power factor of 0.93 compared to the
sinusoidal pulse width modulation technique of 0.86. It infers that the evaporation-based water cycle
algorithm technique has 0.07 more power factor compared to the sinusoidal pulse width modulation
technique. The more power factor leads to distortion less operation of capacitor run induction motor is
shown in figure 6.

Power factor

3 5 0 y o
s A0 A& &0 1

Output Voltage in Volts
— EEWCA - SPWM

Fig. 6 — Power factor for proposed and conventional technique
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