ISO 9001:2015 AICTE-CIl: GOLD Category Institute NAAC-'A’ Grade Institute (CGPA:3.21) MNIRF-2020 Rank Band: 201-250

SeEdash BB DepS =% aaeéeds:o, Booiid - nos omn Do, P5$a-gﬂw

~ (An Autonomous Institute under Kakatiya University, Warangal)
K | TS W (Approved by AICTE, New Delhi; Recognised by UGC under 2(f) & 12(B); Sponsored by EKASILA EDUCATION SOCIETY)

website: www.kitsw.ac.in E-mail: principal@kitsw.ac.in @ :+919392055211, +91 7382554833

TECHNIC/ - IAGAZINE

DEPARTMENT OF
ELECTRICAL & ELECTRONICS ENCGINEERING

Technical Magazine Committee:

Dr. G. Rajendar, Head of the Department, EEE Dept.

Sri. T. Praveen Kumar, Asst. Prof., EEE Dept.
Dr. G. Sunil Kumar, Asst. Prof., EEE Dept.

Technical Magazine - A.Y. 2023-2024 Page 1 of 19




CONTENTS

Details

Message by HoD

Faculty publications - Journals

Faculty publications - Conference papers

Student publications

Technical Magazine Committee:

Editor : Dr. G. Rajendar, Head of the Department, EEE Dept.

Members : Sri. T. Praveen Kumar, Asst. Prof., EEE Dept.
Dr. G. Sunil Kumar, Asst. Prof., EEE Dept.
Students Editorial Board:

V. Rajashekar Reddy  (IV/IV, B.Tech)
D. Shivani (IV/IV, B.Tech)
K. Rakesh (IV/1V, B.Tech)
R. Koushik (IV/1V, B.Tech)
G. Nikhil Reddy (ITI/TV, B.Tech)
K. Shivaram (ITI/TV, B.Tech)
Syed Nawaz (II/TV, B.Tech)
Y. Sravya (I/II, M. Tech)
G. Dhanush (I/II, M.Tech)

Technical Magazine - A.Y. 2023-2024 Page 2 of 19




Message by HoD

With great pleasure and honour I write this foreword. Indeed, this Technical Magazine has a lot to look
forward. I am happy that our department started in the year 1994 with B.Tech-EEE programme has
completed 25 years during 2019-20. During these 25 years EEE department has crossed several milestones

and contributed to society in the form of education to engineering students.

Started with B.Tech — EEE in 1994 with an intake of 60 later enhanced to an intake of 120 in the year 2012.
PG programme of M.Tech-Power Electronics was started in the year 2013. B.Tech-EEE program has been
accredited by NBA three times under Tier-II from 2011-14 and 2016-19. I am glad to inform that now B.Tech-
EEE program has been accredited by NBA under Tier-I for three years from 1st July 2019.

Faculty have contributed whole heartedly for the growth of the Department. The Department has also
witnessed the strong force of faculty. At present the Department has faculty strength 31 with diversity of
specialization, out of which 15 of them have Doctorates, 05 are pursuing PhD and 11 are with M.Tech. There
are four research groups in the department — Power Electronics, Power systems, Electrical Machines &

Drives, Control Systems and Instrumentation.

The objective of Technical Magazine is to display the research culture in the department and publications
made by the department faculty in terms of Journals / Transactions / Conference Papers during the academic

year. Also, it provides an opportunity to students to publish technical articles.

I would like to offer a word of thanks to our readers, our contributors, and our editorial board for their
support of the technical magazine and its mission: to improve the quality of research contribution and
awareness on recent trends & life-long learning among students. This technical magazine will provide a
glimpse of faculty and student contributions made during academic year 2023-2024.

Dr. G. Rajendar
HOD, EEE Dept.
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ORIGINAL COMTRIBEUTION

Optimal Gains for Control Voltage and Frequency in Standalone
Wind Energy Conversion System

. Subhash'~ - V. Rajagopal "2

Received: B Docomber 2021 F Accopied: 10 October 2023 § Published oaline: 30 October 2023

2 The Institution of Engineers (India) 2023

Abstract This article discusses about regulation of fre-
gquency and woltage of standalone wind conversion sysicm
(SWECS) to provide power for linear and nonlinear loads.
It consists of indection penerator, battery storage sysiem
(B55) connected at DT link of voltage source converter
(V5C). When the generated power is mome than the con-
sumers load demand, the extra power is diverted to BSS.
When consumer load demand excecds the penerated power,
the excess power is supplied by & BES, which regulates the
frequency of SWECS. An adaptive theory-improved linear
sinusoidal tracer algorithm comprises of tao Pl controllers
o generate active, mactive components of reference source
curments, which regulaies the terminal voltage. The control
algorithm is heart of the sysiem, and PI gains decide how
guickly it estimates source currents evaluated for the val-
ues of PI controller. The optimization technigues amre used
to obiain best-suied valees and ame applied to SWECS
to improve the power quality without using phase-locked
loop and transformations. The proposed system with con-
trol algorithm is executed in three-phase four-wine sy stem
by means of various loads for Aawlessness in harmonics of
source current, voltage at point of common coupling {(PCC)
as per IEEE-519-1992 standards. The nouwtral path current
compensation is done by star-delta transformer connecied
between PCC and WSC.

[~ ¥. Rajagopal
v o @ kitaw . ac in
B. Subhash
subashbochu@ gmail.com

Dierpartment of Electrical and Electronics Engineering,
Jawzharlal Mehru Technological University, Hyderabad, India

Derpartment of Electrical and Electronics Engineering,
Kakatiya Institute of Technology and Sciencs, Warangal,
Telangana, India
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Keywords Voltage-frequency controller (VFC) -
Standalone wind energy conversion sysiem (SWECS) -
Star-delta transformer - Induction penerator (1G] - PI
controller - Battery storage sysiem (B55) - Dragonfiy
algorithm (DA - Particle swam optimization (P50} - Ant
loin optimzation (AL

Introduction
Yoltage and Frequency Controllers

Decentralized electrical power generation systems have
been megarded a fieasible alicrnative to the main grid power
delivery to remoie places due to the considerable realistic
cost of ransmission and related losses [1]. In light of ecent
civironmental conoerns, the use of non-conventional energy
sources, which are freguently abundant in such rural arcas
and include wind, small hydro, tdal, solar, wave, and bio-
mass, has received a lot of atiention. Consumer loads can be
classificd based on their distance from the main grid, such
g mmode settlements, inkerior sikes, islands, ships, woods,
and deseris. Certain loads, such as a standalome wind tur-
bine generating sysiem that offers constant rated voltage and
frequency. should rquire a precise electrification sy stem [2,
3]. Wind energy conversion systems have come o our atien-
tion in the last decade due to their environmental benefits
and considerable contribution to the production of electrical
power in response to increased consumer demand. Power
demand varkes dramatically bebween rural. hilly places.
and densely populated urban areas. Despite the fact that the
world is powensd by electricity, there remains a significant
disparity between production and consumer demand [4]. We
ame having a significant problem fulfilling future consumer
demand for power due to a lack of fossil fuels, which is
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Certaimn Investigations on Modified Fuzzy-based
Adaptive Controller for Mitigating the Deviations 1n
Wind System

P. Sa1 Vaibhav Likith Chandra', B. Jagadish Eumar®, D. Nipun Mishnath’, M. Preetham® and K Sai Vishwas®
-Eakafiya Instibabe of Technology and ScienceElecinical and Flecronics Engsineering, Waranesl India
Email: {likithrhandra 1205, jazadesshOd8, nipumnizhnathdevulapally. preethammeslyala kpdibslansbeas1 )i gmail com

Absrecs—In the realm of wind energy systems, the quoest for opfimal conirol soratesies has led
to the exploration of immovative approaches. This stwdy delve: mio the realm of adaptive
confral, specifically focusing on 3 Modified Forry-Based Adaptive Comfroller desiemed to
miftizate deviations in wind sysftems. This confroller, a product of meticulons investigation,
harmesses the power of fozzy logic with sratesic modifications to enbance its adaptability. The
proposed controller exhibitz a remarkable ability to dypamically adpost ifs parameters,
ensoring optmmal perfemance aoross diverse operafing condifions. Throwgh nzoroos
erperimentation and analysis, the confroller's efficacy in mitizatine deviation: in wind systems
ha been established marling a Ssmificamt advancement in the goest for robust amd efficent
confrol soratezies. Benewable eperzy = an ever-changing feld and the Modified Furrmy-Based
Adaptive Controller i= a sizmificant advancement Thiz comfroller has the ability to adjost
parameters dymamically and mitigate deviations in wind systems, which improves the efficency
of wind energy systems and contributes to the broader field of adaptive control As inmovation
continmes to shape the fofure of sustainable energy, this controller serves as a testament to the
relentless purswit of a more resilient and spvironmentally comscons world

Index Terms— WELS, Fuzzy Logic, PAMSE, Furry based Adaptive Coniroller.

[. INTRODUCTION

In the dynanue arena of renewzble energy, pursmng optmal confrol statemes for wind energy systemys has
fueled a contrmous explorzhion of ventive methodologres. This research narative wmfolds with a spothght on
adaptrve control, bomines I on a proneenne solubion—the Modified Fuzzy-Based Adapiive Controller. Crafied
through a systemmatic vestigative process, ths controller emerpes as a tensfomathe sinde 1 addressang and
rectifying deiatons within wind systemns. At its conceptuzl core hes the statemic amalpamation of furry lome,
ennched with mianced modifications that amphfy its versahlity. This infroducton layvs the proundwork for an
explorzhion into the mimeames of this controller, spothghfing 1is prowess in dynammcally adaping parameters.
The study showcases the effectiveness of the controller In reducing deviations and opim=ms wind ensrgy
oystenys. I advances the field of adapine control and positions the Modified Furzyv-Based Adaptive Controller
as a key player. This infroducthion 1mates readers to a realm where mmnovaton and emaronmental consciousness
come together, minded by the tansformative power of this cutting-edge controller.

An effective method to maxomrze the acqumiton of the Maxinmmm Power Point mn a direct-driven Permament

Grgrze ID: OLGLIET 102570
O Crevse Scemipic Socey, 2024
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Hybrid attention-based temporal convolutional bidirectional LSTM
approach for wind speed interval prediction

Bala Saibabu Bommiidi® . Vishalteja Kosana' - Kiran Teeparthi’ © . Santhosh Madasthu?
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AbsTracy

Precise wind speed prediction is crucial for the management of the wind power generation systems. However, the stochastic
nature of the wind speed makes optimal interval prediction very complicaied. In this paper. a hybrid approach consisting
of improved complete ensemble empirical mode decomposition with adaptive noise (ICEEMDAN), temporal comlutional
network with attention mechanism {ATCM), and bidirectional long short-term memory network (Bi-1LSTM) 15 proposed
for wind speed interval prediction (WSIP). First, ICEEMDAM is used to pre-process the raw data by decomposing the
wind =ignal to several intrinsic mode functions. ATCH is used to reduce the uncertainty from the denoised data and extract
the important temporal and spatial characteristics. Then, Bi-L53TM is used to forecast the high-guality intervals for the
wind speed. Existing approaches observe a decline in the forecasting performance when the ime ahead increases. As a
result, the hvbrid approach is evaleated wsing 5-min, [0-min, and 30-min ahead WSIP. To evaluate the novelty of the
proposed approach, an experiment is conducted utilising wind speed data from the Garden City, Manhattan wind farm.
The experimental results demonstrate that the proposed framework owtperformed the comparison models with percentage

improvements of 36%, 47%, and 17% for 5-min, 10-min, and 30-min ahead WSIP

Keywords Temporal comalutional network - Convolutional newral network - Forecasting - Uncertainty - Wind

Introduction

Background

Fossil fuel exhaustion is causing severe climate change due
tor the fast expansion of many sectors throughout the world.
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Climate change is affecting many people arcund the world.
In Awosus] et al. (2022), the authors locked at how carbon
emissions are affected by globalization of trade, rents on
natural resources, sconomic expansion, and financial sector
development. The impact of the climatology parameters on
the COVID-19 is explained in Ahmadi et al. {2020). The
authors of Habesoflo et al. (2022) discussed the oil price’s
impact on the amount of carbon emission levels in Turkey
through financial regulation, encrgy uwse, and cconomic
cxpansion. This gains the attention of the world to clean
and endless resources such as solar energy, hydro energy,
and wind energy. tdal energy (Council 2020). Especially,
wind energy 15 the most popular renewable energy source
with rapid development all over the globe. With 93.46
GW of new global wind installations in 2021, brings the
total installed wind capacity to 837 GW. Wind turbine
regulations control and wind power sysiem dispatch are
based on the dynamic wind speed. According to the cubic
relation among wind power and speed, even a little change
in wind speed causes a noticeable rise in wind power.
Therefore, wind speed is essential for producing wind
energy. Wind speed forecasting is challenging, nevertheless,
due to the intrinsically nonlinegar characteristics of wind

ﬂ Epringer
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Outage Forecast-based Preventative Scheduling Model
tor Distribution System Resilience Enhancement

Yiyun Yao', Weijia Lin!, Rishabh Jain!, Santhosh Madasthu®, Badrul Chowdhury?, Robert Cox?

"Mational Renewable Energy Laboratory
Golden, OO, USA

{yinm yao; weijia lin; nshabh jain} @nrel gov

Absracs — Distribution system resilience enhancement is an im-
portant topic fo emsure costomers have access to power supply
during exireme events. In fact, certain weather-related extreme
events can be predicted ahead of tme. Therefore, it is important
to mvestigate how to predict grid outages wiing exireme weather
forecasts, and how outage predictions can be incorporated imto
disiribution system resilience enhancement. In this paper, a pre-
ventative scheduling model for distribution systems is proposed.
The model targets at allocating resources, especially mobile re-
sponsive resources such as mobile baclup generators and mobile
energy storage systems, to prepare for an exireme event in the
day-abhead comtext To achieve efficient resource allocation and
scheduling, a machine learning-based outage prediction moduole
is developed to predict valnerable or risky sezments of the disiri-
bution system based on historical operating records and extreme
weather event forecast. By inteprating the outage prediction re-
sulis into the scheduling model, optimal resource allocation can
be derived to help distribufion systems prepare for an npooming
event and improve resilience performance. A real distribution
feeder in North Carolina, U5, is nsed in the case sindy to validate
the proposed approach

Index Terms—Distributed energy resonrces, forecast-bazed pre-
ventative scheduoling, machine learning, outage prediction, power
system resiience, responsive resonrce allocation

I.  INTRODUCTION

Power system resilience has been a hot topic in recent years,
which addresses the power supply rehability and secunty
against logh mpact low probabiity events such az extreme
weather events and cyberattzcks [1]. As far as dismbubon sys-
tems are concermed, resithence focuses on securmgz the power
supply to end customers dunng disastrons events to pumInmze
econonuc and social losses assocated with power outages. For
typical distmbution systems that rely heavily on the upstream
transmussion system for power supply, hittle can be done on the
distnbution end to enhance resilience other than strengthenmz
the gnd due to the lack of controllable genemtion resources.

With the growimg mtegraton of distnibuted energv re-
sowrces (DERs), distmbution systems could shll have genera-
tion capabihity from thewr DEERs when there 15 2 major blackout
at their upstream transmission system. Hence, reasonable uhh-
zation of DER capability becomes a key to improving distnbu-
tion system resilience [2]. In [3], the authers formmlate an

This work was authored in part by the Naticnal Renewable Enorgy Laboratory,
by Allianca for Sustainabla Energy, LLC, for the U.5. Departmsent of Fnargy
(DOE) emdar Comtract Ko, DE-AC3I6-08G026308. This material is based npon work
4 by the US. DOES Office of Enargy Efficiency and Remewable Enargy
(EERE) undar the Solar Exergy Technologes OfEice Award Mumber DE-EEMIS337.
The views axpressed in the article do not necessarily repmsent the views of the DOE
or the U 5. Govemment The U.5. Govermmant retains and the publishar, by acceptng
the article :|'n:r peblication, acknowledges that the U.5. Govemment retains a nonex-
chagiwe, paid-ap, imevocable, worldwide license to publich or reproducs the pablished

o o g e SRR P R 4P 4 i R e e

Wmversity of Morth Carolina at Charlotte
Charlotte, NC, US A
{smadasth; b.chowdhury; robert. cox } (@humec edn

1slanding stategy in the event of hne failures m dismbution
systems, and they propose a decentralized. multi-agent system
to control the DERs. Reference [4] imvestigates the collabora-
tion of vanous DER.s and legacy devices m distnbution system
service restoration. Here, mixed-mteger, second-order cone
programmmg 1= used to model the restoration problem. The au-
thors m [3] built 2 cooptomization method, m where the repair
crew and mobile power source were jomtly dispatched for elec-
e service restoraton. In [8], the authors focus on companng
the load restoration performances using fixed and vanable time
steps. Here, the restoration mode] for the distribution system 15
a mmxed-mmfeger, linear programming (MILF) problem. Eefer-
ence [7] develops a new set of quanhitative metnics with clear
phy=ical mterpretation to comprebensively evaluate power sys-

tem resibence and mtegrate them mto power system ophmaza-

ton meodels for resibence enhancement. Belind-the-meter
DERs were controlled to mprove disimbufion system resilience
m [8]. The restoration of secondary distnbubion neterork with
distnbuted generators was studied m [9].

Crverall, existing works have explored the feasibibify of tm-
plementing DERs fo assist distnbubion system service recovery
and resithence enhancement. However, their focuses are either
on long-term planming (e.g.. znd strengthening) or real-time
DEF control. For certain extreme events such as huricane and
flood, it 15 possible to get a pretty good prediction of the event
propagation bowurs or days ahead. If thes event prediction infor-
mation can be leveraged by ufility operators, it 15 possible for
them to adjust their operating schedules and allocate emergency
responsive resources such as backup generators to the most vul-
nerable gnd segments fo improve resibence. To achieve this,
the following two questions need to be addresszed:

¢ For extreme events that can be predicted. how to effi-
ciently map the extreme event prediction fo gnd ocutage
predichon, and how to mmprove the outage predichon ac-
curacy.
With a credible cutage prediction result, what measures
can be taken to allocate responses and controllable assets
to prepare for the outage event.
To this end, the major contents and contmbutions of this pa-
per inchdes:

Auhorized licensad usea limited too Unlversity of Morih Caroling at Charlofie. Downicaded on Ogtober 02,2023 at 03:11:16 UTC from |EEE Xplore. Restriciions apply.
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5-phase Multilevel mverter for EV application
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Absiraci— The aim of this paper is to redmce the THD in 2
5-phaze mnuliilevel meniral point clamped imverter amd fo
improve the performance of the 5-phaze induction motor wsed
in EV applications. Voltage contrel of thiz 5-phaze mmlfilewvel
inverter it dome wsing three different mumlficarrier PWA
techmigues (PD, FOD, APOD). Simulation analysis is performed
wiimg Simulink with B, BL loads connecied to the mmitilevel
inverter and obizin load veltage, current waveforms, and THID
amalysis. This paper implements a better technigue for electric
vehicle comtrol uwsing a S-phase induction motor drive with a
mulfileve]l inverter system and performance amalysis of speed,
torque, and stator correnis wsimg Matlab-simolink soffware
The resuolis show that the FD modulation technigoe provides the
lowest THD performance for the system and the motor attains a
fast steady state.

Eeywords— Muoli-carrier pulse widih modulation, muliphase
multitevel imverter, newiral peoimi clamped mverter, muliphase
inducion motor, total harmonic distortion

I. INTRODUCTION

Multlevel inverters have gained widespresd popularity in
the power industry due o their ability to control hizgh veltage
and power drives with improved efficiency and redoced
electromagnetic mferference [1]. Meuwtral point clamped
(IPC) inwerters are commonly used in indusmial applications,
and multi-camer pulse widih modulation (FWA) techmigues
can further enhance the performance of WPC inverters[2]. The
nze of mmlti-camier pulse widthe modulaton techmiguoes, such
a5 phase dispesition (FLY), phase opposition and disposidon
(PODY), and alternative phase-oppositon dispesiton (APODY],
can Improve the power quality and reject common mode
voltage, a5 well as address the isswe of DWC-link capaciior
balancing in multilevel imverters. However, thess techmigues
can also result in higher Total Hammonic Distortion (THD)
compared to the PD PWM method [3]. Enhancing the THD
performance of 3 5-Phase, 3-Level MNeurzsl Point Clamped
(IWPC) inwerter is proposed in [4]. The goal is to achieve lower
THD levels in the ourput waveform of the inverter, which can
lead to improved efficiency, reduoced losses, and higher-
quality power gutput [5]-[4].

Multiphaze imverters have gained popularity in high-
power applications due to thelr advantages over single-phasa
invertars. These advantages include improved rehability,
befter ouipui waveform guality, and reduced harmmomnic
distoriton. They have 3 wide range of applications, including
hizh-power applications, mintermptible power supply (UES)
systems, high-veltage DC bansmission, variable frequency
drives, pumps, and comveyors[7]. One of the most significant
applications of multiphase imwverters is in eleciric vehicles
(EVs) where the demand for high-power and reliable elacirical
drives iz increasing. In EVs, induction motors are often used
a5 the main drive and precise speed confrol is essential for
optimal performance. This is achieved through the use of
advanced conmol techniques such as Field Oriented Control
(FOC) and Direct Torgue Control (DTC)H[E]. Addidonally,
five-phase motor drives are parficolarly sumimble fSor
applications where high-power density, high speed, and high

ralisbility are requirted such as serospace, auwtomotive, and
renewahle energy systems[9].

Multiphase motors are widely nsed due to their several
advantazes when compared to raditionzl three-phase motors
such 35 higher power demsity, improved famlt tolerance,
increased effidency, and provide greater flexibility in terms
of control which gives smoother operation. Five-phase thres-
lewel indurtion motor is 3 type of multiphaze motor consisting
of five stator windings and three lewels of woltage making
them ideal for critical applications that require high relability.
During the pext 20 years, mmltiphase motor drives hawe
atiracted and has specific applications namely, Eleciric ship
propulsion, racton (inchding elecinc and hybnd elecimic
wehicles and aircrafif 1] B{ulti-phase motors have advantages
of mmproved forgue-speed charactenisfic, reduced corment per
phase withont increasing the voltage per phase and reduced
Harmonic cwrent Multiphase indoction motor with incressed
mumbrer of phases used in many applications becanse of their
safety and relabiling]11].

Thiz paper will focus on utilizing three different mmln-
camier FWM technigues, PD, POD, and APOD, and perform
a simmlation analysis nsing zimulink with B & BL loads to
obtzin the load voltage and cwrent waveforms and THD
analysis. & 5-phase induction motor will also be modelled to
demonsmate for EV application. The results of this research
will provide msights mbo the THD performance of different
mmlti-carrier FWA techniques in WPC inverters and inform
the selection of the most effective PWA method for hagh-
power applications.

II. MULTIFHASE-MULTILEVEL IMVERTER

The topology of the three-level five-phase imverter is

shown in Fiz 1. If consists of Gve legs and each leg has four

switches which mmst be conirolled in two complementary
combinztion pairs only.

Fig 1. 3L WPC mwemner for a 3-phase load.
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ABSTRACT

Elpclte vehicles are finding wide increasing applicatien in recent years, The develepment of inverders and
segeneralion lechnolegy are adding bo the increased used of elecine vebicles. In this paper, shilling sinugoidal pulse
wiath modulation (FWH) and its impact on inverer culput waveform gquality is explored, Gur goal was to determine
whether ahifiing the modulation to the positve half eyde could reduce distortion and result in a more pristne outout
waveform, To ascertain the effectveness of this tactc, we conducied simulation anselysis with warnous control
strategies and examinsd the results, Utilising the shifted sinusoidal PWM technigue, we discoversd that Tots|
Harmonic Distorton (THD) was significanily reduced in the invarter ouiput voltage. Investigations were also
sonduscted inte the impact of variows duty cycles and modulalion frequencies on waveform guality, Shifted sinusoidal
PWM lechinigue is a workable and affordable solution becavse it integrates well with exisling systems. It is simple to
use in many different applicatons, such as audio systems, moler control, and power electronics, This strategy is very
molphul = omany differeed seclors since i may prodece precise condrel and bigh=guality cutout, To imgrove the
efficlency of the system multphase inverer i consdered, To sum up, mulliphase mverter with shiffed sinwsasddal
PWM has gven petter results, Simulation resulls of multiphase inverier operation with BL lead = demanstrated,

Keayword: - Multiphass imvarfer, Split 2ource imvarter, Sinuzsoidal PWM, Cumrent source inverter

INTRODUCTION

Powar alecironics is the offectve use of power semiconducior dovices for the conversion and
managament of elecrc power, Modemn fechnalogy & the foundation of power electroncs, which have many
applications, Power electronics converters are crucial components in the process of converting signals with
gleciric power to ather signals, An inverer is & power elecirical device that converis DC (direct current) signal b
a AC (allernate current) signal, Electric cars, contnuoes power distribubon, and battery=operaled mobile phones
are just a few of the many wses for inveriers.

Irverters can be classibed as grid=connected or stands=alone(1], Voltage sowsce inveders (VEL), currem
voltage inverters (CS]), Z-Sowrce inveriers, and guasi-Z- Source inverters are among the several single- and
three=phase inverlers thal are avallable, Expanding the live phase inverlers 1o address the drawbacks of single
and three phasa inverters led to the development of multphase inverters as a result of contempaorary technology
and methodalogy, A five=phase mverter can offer enhanced efficency, reducad copper losses, increased output
powar, and control over the flow of both acteal and reactive power in place of a three=phase inverter [2] |

The splt scurce inverter (55() was developed recently to address every drawoack of the 5], VS|, and
Z31. Originally designed for single= and three=phase topologies thal require continucus inpul current flow, DS
voliage, |ower passve components, and |ese voltaoe siresses between switches for highevoliage gaina[3], The
a25] 1:;-|,:|r,|||;,:-g;|'||' rocduces the volume and wae ght af thn imveriers, a5 well as tho rumber of swilches, dua o T
passive seclions or componants The 55| may achisve lower ripple cumsnt and improved efficiency when
comparad to cormeantional mvarbers|d],

TYPES OF MULT|PHASE INVERTERS

As the technology and methodology increasing in the inveder lopolegy and integrated wilh based on fheir
funclion and workng, The multiphase inverers are classiied with based on their different construction and working
principle, The multiphase ineters ar discussed balow,

21 Current Source Inverter

The curtent source inverler, somebmes refered lo as the curent fead inverter, generales a three=phase or
single=phase oulpul aller cormverbng the inpul DO o AC, Tenmswiiches are used by lhe live=phase curenl source
rverter (CS]) 1o reduce harmonic distortion and improve the output waveform([a), C5] can be used = electric vehicla
(EV}) chargers, induction heating, varable frequency drives, end renewable ensrgy syatems ke solar photovoltsic
(PV) sysiema, power systems employ powsr facior correction[&], Figure 1 shows the comuit connection of S-phase

ICEAAGE-2024 ISBN - 978936128 558-5
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Truly-NTD-PLL Control Algorithm for DVR

Vemireddy Wagamalleswar
Sardar Fallabhbhar Nagonal Insaute of
Technology Surar (Tndia)
eurraiamallid 9 email com

Absraer— The paper discmsses how to mse a DVE to resobre
voltage related topics for instance harmomnics, sags, sarges, and
nnbalance in supply voliages. The DVE & desigmed o address
these concerns and offer a comsistent power supply for sensifive
Ipads. A strategy based om a really truly-mon-frequency-
dependent-iransport-delay FLL {(INTD-PLL) iz applied im
evaluation of frequency, fundamental compoment amd phase
amgle, which are then emploved in a compensater to Improve
power quality by decreasing these values. The tNTD-FLL adds a
delay element to the FLL: feedback loop, imcreasing iransfer
Iatency while decreazing double frequency sscillatory and offzet
errors. er than the targeted frequemcy. The control alzerithm
generates reference voltages, which are subsequenily compared
to the load veltages (sensed). The fault iz subsequently fed imio
the PWAI comverter, which produces pulses for the DVE. It
mjects the voltages required fo enhance the voltage-based issmes
related to power quality. The projected DVE iz simmlated and
designed by means of Simulink AMATLAE. A laboratory model of
DVE with d-5FPACE MicroLab-Box validate: the simulation
resmlis.

Index Terms— Iruly non-frequency-dependent frangfer delay
PLI Dhymamic voltage resworer (DVFR), Sag, Swell Harmomics,
unbalonce, Opfimization medhod.

I INTRODUCTION

Widsspread nsage of elecwonics I supply metwork canses
various type of power guality issues [1]. Bellen and Gu [2]
explores the camses and consequences of these power quality
concerns. oferimg mformation about how they harm sensitive
elecronic equipment’s. Singh er. al. [3] cover a wide range of
challenzes. imclwding harmonics, veltaze sags, and flicker. and
provide practical matheds Sor mnproving power quality. Zhan
er. al. [5] provide a three-dimensional wolmge 5WV-PUWAI
algonthm-based DVE. The suthors provide a novel strategy to
addressing power quality challenges, notably mmbalanced and
distorted loads [4]. Ghosh er ol [3] desizmed a capacitor-
supported DVE. for distorted and unbalanced lozds. Jorado en
al. [§] smdied the neural network conrol in DVE: o inproved
conmel methods, which primes to the growth of adaprive power
quality resnls. Mislsen et al imvestizate the varions methods
giving helpful informaton for researchers and engineers
working m  DVE  design  smd  implementation  [7]
Vilathgamuowa & . [B] smdy the IDVE's technical
specifications and ability o reduce veoltage sags, providing
valzble msizghts. Ho or all [9] examined veoltage concerns and
offerad a conmol technigue to ncreazs DVE dynamic responss
Lam ef al. [1{] smdied and developed an effecrive smatezy to
decreasze volmge flucmations. Saleh e @ll [11] are interested in
nzing wavelst mansforms 1o detect and control voliage changes
in real ome. Foncerp-Sanchez and Achs mireduced a control

B79-8-3303-B399-7/24/831.00 ©2024 [EEE
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mechanizm for enhance DVE volmage rebnilding abilities. This
smudy enhances muldlevel comverter-bazad DVEs and their use
for enhamcing power guality [12]. Babael er al. [13] smdied
ithe use of direct comversrs to mmprove DVE performance im
decreasing voltage flucmanons, and therr findimzs shed lizght on
ithe spplications of this novel technology for mmproved power
guality. Ajzel ef ql. [14] provided an efective and guick and
conmal system for dynamic veltage restorers, with an emphasziz
on the creaton of 2 conirol strategy thar employs optimization
approache: o improve DVE dymamic responsivensss and
aszure  speedy  and  efficient compenzation of volmge
distrbances. The IEEE 319-2014 Pecormmendsd Practices are
1 fondamental documsnt thar establishe: the principles and
standards for hammonic commel in elecmic systems [15].
Tayaprakaszh et al [14] imvestzate the conmol of a low-powser
DVE wsing 3 bamery enerzy storage device. Chen eor all [17]
present & novel sppreach for idenfifying synchronous phase-
locked loops (SPLL:). Fauf and Khadkiksr [18] imvestigate the
mfegration of solar systems with dymamic voltage restorers.
Carlos er al. [19] applies mwvo do-links and series comverters to
mvestgate dynamic voltage restorers for three phaze systems.
hlirjalili [2{] amalyzed the alzortim's applicabon in
opiimization issues, demonsirating its efificisncy o idenfifying
solntions. Bincik and Eommrougil [21] offer a :liding mode
comral  approach  desigmed  for  single-phase  DWEs.
Dranbummmngrzknl et al apply the zere acdve power racking
techniqus e zstess the capability enhancemsnt of dynamic
voliage restorers [22]. Golestan v @l evabnates Eslman fler-
bazed PLLs in steady-stare and discnss their nolicy in power
gystems [23]. Li of gl offers 3 new wvoltage compensation
philosophy for dymamac voltage restorers based on three-phasze
voliage elliptical paramsters [24]. Pradhan and Mishra propose
1 p-q theory based DVE to mprove PO [25]. Maido et al. [24]
describe a3 DVE using a guasi-newton siraiegy based on and
optimized PI gains. Aszid e ol [27] have discussed
development of varions metz-heunstic alzorithms and their
classification and spplicatons. Some of the alporithms are ant
lion oprimization, bat algorithm soccer game opimuzation eic.
Tu ¢r. al. [28] perform a thorough analysis on using 2 DVE o
mllify voltage PO issuss, providing nsefnl insights mm DVEs
mrreased capability for a broader specomm of dismrbances.
Fandil and Abmed look imto the commel and operation of a
DVE with a selfsupported dc bus [29]. Ehergade ar al [30]
mvestigate the mmpact of sag on power semiconductor drves
and propose & mMIflEafing siraiegy using an ESEF theory-basad
DWVE. Akhtar and Sahs [31] describe an WTD PLL with a
simple technique for double-frequency oscillation rejection. as
well a5 2 mnique PLL design for dymamic voltags restorers that
mmproves performsance by rejecing double-frequency
oscillations. Biricik ¢r al. [3I] pressot a control method for
DWVE: based on a fequency-adapive Brockem oscillator.
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Control of DVR Using Multilayer Gamma Filter
under Non-ideal Grid Conditions

Vemireddy Magamalleswan
Deparmment of Electrical Enginsering,
Sardhar Vallabhbhai National Institute

of Technology, Suart-393007, India
e-mail: maralamallidd @ zmail com

Absiraer—This paper investigate: dynamic voltage restorers
(DWVEs) a5 a solufion to voltage-based power quality iszmes. A
comtrol algorithm based on a Maltilayer Gamma Filter is
proposed to compensate for voltage sag voltage swell
distortions, and phase voltage discrepancies cansed by varions
factors im series-connected devices. To improve power quality,
the proposed AMunlfillaver Gamma Filter-based comfrol alzorithm
15 meed for the compensator. Im several ways, the Alaltilaver
Gamma Filter outperforms tradifional filter desizn:. To begin
with, it is adapiive, which means it can change its parameters in
response to varions types of disturbances. Second, it has a lower
computational complexity than other filters, maldng it a more
efficient option for real-time applications. Finally, it has a high
accUTacy in estimating input signal parameters amd a fast
transient response. The system perform: satisfactorily even
nnder lesi-than-ideal conditions with wide voltage and load
variatigns. The control algorithm employs two proportional
integral (FI) gains to maintain the de link voltage and terminal
voltage stable. The gains of the PI confrollers are critical for
estimating reference load voltages correctly. The salp swarm
optimization algorithm is weed to optimize DVE gains. The salp
swarm optimization algorithm has been demonstrated to be
effective in FI tunine. providimg faster convergemce amd
improved performance over tradifional toning methods. The
confrol system can achieve better regulation of the process
variable and overall system performance by optimizing the PI
gaini. The optimized gain: are apphied to a fowrih-order
multilaver zamma filter to exiract reference load voltages. Ta
extract reference load voltages, the optimized zain: are applied
to a fourth-order mulfilaver gamma filter.

Eeywords— Dvnamic  voltage restorer, Opiimization
Algorithm, multi-layer gamma filter, voltage nnbalance voltage
swells, voltage sags, voltage distortions.

L INTRODUCTION

The Drhmamic Voltage Restorer (DVE) iz a custom power
device that is nsed to reduce voltage sag and swell in power
systemms. It is & sophisticated power elecmonics device that acs
as a voltags source for the load during voltaze sag and swell
evenis [1]. %ingzh et al provide a thorough sxammstion of
power quality issues and mitgation techmiques. The book
dizcnsses the canses and effects of wvartons power quality
iszmes. such as voltage sags and intermaptions. and offers
varous mitizaton techniques for thess issuss. The book i
nzeful for both academics and power ndusry pracitoners
[2]. Vedsm and 5ammas research focmses on VAR
compensation in power systems. The book discussss various
VAR compenzafion technmigues, such as rescdve power
compensaiton, static VAR compensators. and dynamic VAR
compensaiors. The book is an excellent resonrce foT power
qualiry researchers and pracitonsrs [3]. Akagi etal presenta
quad-series voltage sowrce PWDLI cowverer-bazed actve
power flter.

978-8-2502-1957-2/223/%231 00 ©2022 IEEE
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The paper prasents simulation and experimental resules to
demonsirate the effecdvensess of the proposed Sleer, as well az
1 detailad amalysiz of its operation and performance. The papsr
is mseful for researchers working on active power fileer
development [4]. Principe et al imToduce the Gamms-Filter,
1 mew class of adapiive IIE. flters. The paper presents
simulation resalis as well as a detailed anslysis of the filter's
stmcmure and operation o demonsirate s effectivensss in
fltering power qualify disturbances. Fesearchers working on
the development of adaptive flters for power ality
applications will God the paper usefnl [3]. Weisshach et al.
propose using flywhesl enerzy sworage to compensate for
dymamic voltage on distmbution fzeders. The suthors look into
the effectvensss of 8 flvwheel-based enerzy stoTage sysiem in
mifigating voltape flucmations on a disinbution fzeder.
According to the experimentsl resulis, the Sywheel energy
storage  system Is Am effective solution for voltage
compensation on disimbution feeders [6]. In this paper.
Woodley et al. dizcnss their experience with an inverfer-based
dymamic voltage restorer (DVE). The anthors describe the
design and implementation of a digitsl video recorder (DVE)
for voltage reguladon onm a 415 W three-phase disoibuton
sysiem. The experimental resnlts demonsirate that the DVE =
a viable soludon for reducing veltage sags amd swells [7].
Using parficle swarm optimization, Lin and H:u proposs a
self-mming PI coniroller for a statc synchronous compsensator
(TATCOM) (PS5O, The suthors investizate the proposed
coniroller's performance m regulating the voltage of a power
system. The simmlation resnls demonstrate that the proposed
controller 1= capabls of kesping the voltage within the
specified limirs [8]. In thiz paper. Shukla and Singh propose
using & muldlayver gamma Slher-based conmel for a
dismibution static synchronous compsensator (DSTATCOMD
The snthors investzate the proposed conmoller's performance
in improving the power quality of a non-ideal dismbuton
sysiem. According fo the simumlstion results, the proposed
contraller is effective at midgatng voltage sazs and swells [9]
In this paper. Woodley and Ewing pressni ther Geld
experience with dynamic voltage restorer (DVE) systems. The
authors describe bow to install and operate DVEs on varows
dismibution systemns. The DVE is an effecdve selutdon for
mifigating voliage sags and swells, according fo field results
[10]. Choi et al. proposed a dynamic voltage restorer (DWVE)
that mjects the least amount of energy into the system in order
to restore voltage sag. To comirol the voltage restoration
process, the propesed DVE emplovs the muinimmm snergy
mjection algerithm The authors demonsirated that the
proposed method restores voltagze and reduces total enerzy
requirad [11]. Zhan et al. propozed a voltage space vector
PWhI-commolled dynmamic veoltage restorer. The proposed
DVE iz intended to reduce dismmibution system voltage sags
and swells. The anthors demonsirated that the proposed DVE.
can regulate voliage snd has & fasi response ame [12]. Fizer
et al proposed a technique for reducing saturaton in dymsic
voltage restorer comnection  wansformers. The suthors
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Ensemble Deep Learning Model for Power System
Outage Prediction for Resilience Enhancement

Santhosh Madasthu, Abduollah Al Mamun, Akintonds Abbas, Emily Abbate, Badml Chowdhury, Fobert Cox
Energy Production & Iyfrasoruciure Center,
Unrverzity gf North Carsling at Chariotre, Chariotre, NC, US4 28223
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Absracr— Extreme weather events can canse power ontages
anywhere buat quite extensively aloms the U5 somtheastern
coastlime. Accurate ouwtage prediction before a hurricane
landfall iz exzential for reducing the impacts from distribution
onfage management and restoration planning perspectives. An
ontage prediciion model (OFA) i developed to predict ontages
associated with substations based on data collated from multiple
sources nsing tree-based ensemble machine learning regression
alzorithm. For this study, publicky awailable data as well as
acinal outage data from a major utilicy in the U5, are emploved.
Performance validation of outage prediction models is done
nimg several extreme weather events data over the past decade.
Eesult: confirm ephancement in accuracy for power owfage
predictions over baseline approaches.

Eeywards— Arrificial meural menwork, crivical infrasimuciure,
dutg amalydcs, decizion iree, ensemble boosted rree, exireme
wegrher evens, maching leorming, sutage predicien model

I. INTRODUCTION

Exireme weather events (E'WE). lke bumicanes. are the
main canse of large-scale powser oumages along the TS
cogstlines. As shown in Fig. 1, EWEs have been incressing
over the last two decades imdicating 8 commection to climate
change. As 3 resnlt, the nmober of powsr outagss sppears o
e increasing in the tme betwreen 2010 to the pressnt. The
average duration of msrmaptons customers experienced
annnally fromm 2013 to 2020 was consistently aroumd four
hours. Om sverage, U5, elecimicity customers sxperienced just
over eight hours of eleciric power mtsrmupions m 2020 [1].

The occuwrrence of power ouwtages is decided by a
complicated mter-relatonship smong vegetafion cover.
infrasomcnme, and aimospheric phenomena Mow-g-davs.
data-driven approaches have capmred zlobal attention for
predicting loads, solar imadiance, wind speeds and even the
number of power cutages in diswibuton system [3]. Accurate
prediction of power outages before the ammal of an EWE
assisis wiliies with superior resomrce planming, and
improving the raie of restoration. which m twm, enhances
poweT sysiem resilience

The first OPLI was developed nsing negative binomial
regression for evalnating the relatonship berareen wind speed
and mensformers using three hmmicanes’ data [4]. Then
generalized linesr models (GLMs) were Dmplementad for
cutage prediction to mspect the sipnifcance of harricans and
ice storm vanables [3]. Im [6]. the anthors developed
generalized additive models (FAM:) that can capiure non-
lmeanity in the dsia Since then, non-parsmeinic models like
claszification and regression wees (CAFRT), snd Bayssian
addimve regrassion wees (BART) were nilized as OFLMs [7]
The:s npon-parametric models ouiperfonn parametric modsls
such as GLM: and GANMs. Fessarchers have unlized darz-
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Fig. 1. Mumber of combined tropical storms, subtropical storms, and
Imrricanas aach year from 1878 1o 2020, [2]

drven approaches to predict the threats fo power sysiems
mder EWE [8]. [#] The suthors implemenfed commlstive
time failure OPMI unlizing the rainfall data of hricans,
maximurmn wind speed. and wind speed duradon [10]. In [11].
the author: implementsd an approach for distbution
networks to predict the risk level of power ontage considering
weather factors baf withont considering factors such as the
region of study. To enhance the OFAL acouracy, the prediction
area was first meshed into zmid cells in [12]. In addition. a
muliistage grid division famework iz developed for
dismibuton network planning in [13]). Boosted wees ame
emploved for spatial dismibutdon of power outages ina X Em
grid wsing the weather and land cover data [14]. Existing
oniage pradiciion methods that take a graonlar approach focus
on predicting the number of customers affsctad or the momber
of outages within a specific gecsraphical grd cell over the
enfire durstion of an EWE. While such perspectives are
eszential, they may not provide wvital spadsl and temporal
informadon required to fomn microgmids for resiliency
mnprovements. There i3 2 need for graomlar substation-level
predictions with a focus on the number of customers afected
and the oumber of owiages ai the substatdon level In this
research work, power outages are predicted msing snsemble
model based on a boosting algerithm Fesulis show that
ensemble model grres the hiphest scouracy compared to
basaline models. The main conmiburions of this research work
are:

» (Cuiage prediciions by aciual substation-level with
definite ime borizons mstead of zeneric zrid cells.

» The development of machine leamming (ML) models
mnplemented for power outage prediction problem,
which emphasizes outage predictions for EWE.
Gramlar substation-level predictions with focus on the
oumber of customers affected and the pumber of
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Outage Data Analytics for Correlating Resilience
and Reliability

Abdullah Al Mamun®, Oussama Zenkri! Santhosh Madasthu®, Robert Cox*, Badrul Chowdhury*
*Department of Electrical and Computer Engineering, University of North Caroling at Charlotre, Charlotte, USA
Email: amamun] &charlotte.ede, smadasth®charlotie.edu, robert cox @charlotte.adu, bechowdhory @ charlotie. adu
TRobotics and Biology Lak, Technical University of Beriin, Berlin, Germany
Email: zenkri@tu-berlin.da

Abstract—In the last few decades, extreme weather events
{(EWEs) have become more (requent. especially in the south-
castern part of the US These EWEs affect the distribution
grid greatly, resulting in long-duration power ouiages. To [ully
understand the owtcomes of these catastrophic evenis and to
correlate the impact on the reliability and resiliency of the utility
company, multiple years of historical EWE-related outage data
collected from a ufility company are analyzed Moreover, this
study utilizes the Syvsiem Average Interruption Duration Index
(SA IDT) matrix to analyze the EWEs. This study finds overgrown
vegelation as one of the main reasons for outages during EWE=
Besides, loss of transmission and geoeration also contribuie
significanily to oulage events resulting in a high percentage of
customers being affected for long periods.

Index Terms—Extreme weather event, distribution network,
outage daia, stafistical analysis

L INTRODUCTION

Extreme weather events (EW Es) have besn on an upward
trend over the last two decades, most likely becanse of climate
change. These EWEs might have a significant impact on
the power grid An EWE is defined as an event when the
waather variable values increase or decrease from a threshold
value that is near the upper or lower part of the range of
observed varable values [1]). EWEs such as humicanes and
storms are some of the main reasons for large-scale power
outages in the distribution system. Due to these events, the
number of power outages rose dramatically from 2010 fo
2021. In the United States alone, in betwesn 2003 to 2012,
more than 10 million customers were affected due o EWEs
[2]. Statistical analyses of distribution natwork ootages cansed
by EWEs is essential for distribufion outage management
and restoration planning. During the EWE, the occumence of
power outages is decided by a complicated maction among
atmospheric phenomena, infrasiructure, and vegetation cover
[3]. The economic impact of inflation-adjusted cost of weather-
relaled power outages is estimated to be $25 to $70 billion
annually in the U8, [4]. 2005°s Horricane Katrina and 2017's
Hurricans Harvey inflicted $123 billion each in damages, and
are considerad to be the costliest tropical cyclones on record
affacting over 15 million customers [5]. Resilizncy studies
emphasize the impact of low-probability. high-impact events
such as hurricanes. One neads to develop a road map for nse
in the infegrated resource planning process (o support invest-
ments that build grid resiliency while maintaining affordable
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and reliable power. Reliability is commonly a component of
utility planning and operation, yet resilience is an emerging
emphasis in the aftermath of large weather-related events [6].
Grid reliabdlity studies focus on expecied disruption events
as well as to evaloate the mean time between failures and
system availability throngh well-known metrics such as SAIFI
(Systam Average Interruption Frequency Index) and SATDI
(System Average Intermuption Duration Index ).

Various data analyvsis-based siudies have been done on
EWE-related outages. In [7], 5 years of wtility outape data
have been utilized to perform statistical analvsis of resilience
events. Moreover, this siudy extracted and computed standard
resilience metrics. The authors in [8] used historical outage
data from major electric power companies on the easi coast
and developed acceleraled failure time models to estimate
icg-storm and hurricane-related outage duration. There is a
nead to conduct case studies in the comtext of affectad areas,
emphasizing resiliency to prepare the areas for EWEs. In [9].
outage data has been analyzed for transformer-related outages.
Although this work specifically focuses on transformer-related
outages, common foul weather conditions have also been
included in the study.

The coastal regions of North Carolina are experiencing
EWEs on a regular basis. A total of 36 tropical storms,
along with three extreme tropical storm-driven flood events,
happened from 1999 to 2018 [10]). These EWEs mesull in
catastrophic human impacts as well & damage to the grid
infrastructure, making the situation even worse, Oufage data
analysis is necessary for this region at the distribation sys-
iem level for overall system reliability and for planning an
affordable. resilient. and sustainable grid. In this paper, 10
years” worth of ootape data in the service mgion of one
utility company in the southeasiern part of Morth Carolina
is analyzed. EWEs will gradually becoms more frequent dus
i global warming, and the severity of this tvpe of resiliznt
event will increase [11]. A major contribution of this paper
is to analyze the impact of EWEs on the electric power
distribution system. Hurricane Florence, which made landfall
im 2018, is an example of an EWE that caused widespread
damage to the power infrastructure leading to long-duration
outages in the Carolings. In addition. the meliability indices
from major event days (MED) are studied and compared o
non-major event days. The main goal of this outage study is
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5-phase Multilevel inverter for EV application
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Absiraci— The xim of this paper is to reduce the THD im a
5-phaze muoltilevel pentral point clamped inverter amd fo
improve fhe performance of the 5-phase induction motor wsed
in EV applications. Voltage control of this 5-phase mmliilevel
imverter it dome wnsing three different multicarrier PWAL
techmiques (FD, POD, AFOD). Simelation analysis is performed
wsmg Simulink with B, EL loads connecied to the mmlfilevel
imverter and obtxim load veltage, corrent waveforms, and THID
analysis. This paper implemenis a better techmigue for electric
vehicle conirol nsing a 5-phase indection motor drive with a
multilevel inverter system and performance amakbysis of speed,
torque, and stator corremts wsing Miatlab-zimolink software
The resulis show that the PD modolation technigoe provides the
lowest THD performance for the system and the motor attains a
fast steady state.

Eeywords— Muli-carrier pulze width modnlaion, mulfphaze
muliilevel imverter, newiral point clamped mverter, mulfphaze
inducion moter, total harmonie distortion

I. INTRODUCTION

Multilevel inverters have gained widespread popularity in
the power indusiry due to their ability to conitrel high voltage
and power drives with improved efficiency and reduced
electromagnetic mterference [1]. Meuwiral point clamped
(MPC) mweriers are commonly nsed in mdustrial applications,
and multi-camier pulse width modulation (BWH) techmigoes
can firther enhance the performance of MPC inverters[2]. The
nze of multi-camier pulse widths modolation techniqoes, such
as phase disposition (FD), phase opposition and dispesiton
(PODY), and altemative phase-opposition disposition (APOLY),
can improve the power qusality and reject common mode
voltage, 25 well as address the issue of DC-link capacitor
balancing in multilevel mverters. However, these techmigoes
can also result im higher Total Hammonic Distorton (THDY)
compared to the PD FWM method [3]. Enhancing the THD
performance of a 5-Phase, 3-Level Neutmsl Point Clamped
(MPC) mwerter is proposed in [4]. The goal is o achieve lower
THD levels mn the oufput waveform of the inverter, which can
lead to improved efficiency, redwced losses, and higher-
quality power output [5]-[4].

Multiphase inverters have gained popularity in high-
power applications due to their advantages over single-phase
inverters. These advantapes inclode improved reliabilify,
better output waveform gquality, and reduced hammomic
diztortion. They have a wide range of applications, including
high-power applications, mmintermaptible power supply (UPS)
systems, high-veltage DT transmassion, varable fegoency
drives, pomps, and comveyors[7]. One of the most significant
applications of mmltiphase imverters is in elecmic wehicles
{EV's) where the demand for hizh-power and reliable elacoical
drves is increasing. In EVs, induction motors are ofien used
as the main drive and precise speed contrel is essential for
optimal performance. This is achieved through the use of
advanced conmol echnigues such as Field Oriented Control
(FOC) and Direct Torgue Control (DTC)H[E]. Additienally,
five-phase motor drives are pardcularly switable for
applications where high-power density, high speed, and high
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reliskility are required such zs zerospace, automotive, and
renewsahle energy systems[9].

Mnltiphase motors are widely nsed dus to their ssveral
advantages when compared to fraditional three-phase motors
such =z higher power density, improved fmult tolerance,
increased efficiency, and provide greater flexibility in terms
of control which gives smoother operation. Five-phase thres-
lewel induction motor is a fype of multiphase motor consisting
of five stator windings snd three levels of voltage msking
them ideal for critical applications that require hizgh relisbiliny.
During the pext 20 years, mmirphase motor drives have
atiracted snd has specific applications namely, Electoic ship
propulsion, fraction (inchiding electnic and hybnd eleciic
wehicles and aircrafi]10]. biult-phase motors have advantages
of improved torgue-speed characteristc, reduced curment per
phase without mcreasing the veltage per phase and reduced
Harmonic current Muoltiphase induction motor with incressed
mumbrer of phases nsed in many applications becanse of their
safety and reliability{11].

Thiz paper will focus on utilizing three differsnt mmlfi-
camrier PWM techmigues, PD, POD, and APOD, and perform
8 simmlation analysis nsing simulink with B & BL leads to
obtain the load voltage and cwrrent waveforms and THD
analysis. A 5-phase induction motor will also be modelled to
demonsirate for EV application. The results of this research
will provide insights inte the THD performance of different
mmbti-carrier FWHM techmiques in MPC inverters and inform
the selection of the most efective PWAL method for high-
power pplications.

II. MULTIPHASE-MULTILEVEL IMVERTER
The topology of the three-level five-phase imwerter is
shown in Fig 1. It consists of Gve legs and each leg has four
switche: which mmst be controlled in two complementary
combination pairs only.

Fig 1. 3L WPC imwerter for a 3-phase load.
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ABSTRACT

Eleclic vehicles are finding wide increasing applieation in recent years, The development of inveres and
regeneralion lechnology are adding Lo the increased wsed of eleciic vehicles. In this paper, shifling sinussidal pulse
widih modulation (FWM) and its impact an inverer cutput waveform quality is explored, Gur goal was to determine
whether ahifiing the modulation to the positve half cyde could reduce distortion and result in a maore pristine cutput
wawveform, To ascertain the effectveness of this tactc, we conducted simulation analysis with vanous confrof
strategies and examined the results, Utlising the shifted sinusodal PWM technigue, we discoversd that Tota|
Harmonizc Distortion (THD) was significandy reduced in the inverter oufpui voltage. Investigations were also
condusted into the impact of varous duty cydes and modulation frequancies on waveform guality, Shifted sinusoidal
PW M lechnique is a workable and afferdasle solution because it integrates well with existing systems. It s simple ta
ese in many different applicabions, such as audio systems, malor control, and power electronics, This stralegy is very
nelpful o many differer seclors gince it may prodece precise confrel and high=guality output, Te improve the
efficlency of the system mulbphase inverter & considerad, To sum up, muliphase verter with shifted sinusoldal
P has gven better results, Simulation resufts of multiphase inverer operation with RL |oad s demonstrated,

Keyword: - Multiphase inverfer, Splif source invertar, Sinuzoida! PWM, Cumrent source invertar

INTRODUCTION

Powar clectronics is Uhe effiectve use of power semiconducior devices for the conversion and
managament of electnic pawer, Modemn fechnalogy = the foundation of power electrones, which have many
applications, Power electronics comverters are crucial components in the process of converting sigrals with
gleclric power to other slanals, An inverier s & power gleciical device that converts DO (dirsct currant) signal to
a AC {allernate eurrent) sigral, Electric cars, contnmuous power desiribubon, and battery-operaled mobile phones
are juet a few of the many uses for inveriers.

Irvrbiers can ba classilied as grd=connecled or stand=alona[1], Vaollage souree inverders (W31, curmend
woliage  inwverters (C5]), Z-Sowrce inveriers, and guasi-Z- Source inverters are among the several single- and
threp=-phase mverlers thal are available, Expanding the lve phase inverlers o address the drawbacks of single
and three phase inverters lad to the development of mulbphase inverters as a result of contemporary technology
and methodalogy, A flve=-phase mverter can offer enhanced efficlency, reducaed copper losses, Increased outpul
powar, and control over the flow of both actual and reactive power in place of a thres=phase mvertar [2],

The aplit scurce inverter (S5]) was developed recently to address every drawback of the S5, VE|, and
231, Originally designed far single= and three=phase topologies that require continucus inpud current Tlow, DO
voliage, |ower passive components, and |ess voltage siresses between switches for highewoltage gaina[3), The
25] 1|;;-|,:|r,|||;,:-g';|"' rcducns the volume and we ght of the irverters, as waell as the number of swilches, due to the
passive seclions or componants The S5S| may achiswe lower ripple cumrent and improved efficiency when
compared to corvantional imverters[4),

TYPES OF MULTIPHASE INVERTERS

As the technology and methodelogy increasing in e invedes lopology and integrated wilh based on their
fumetion and warkmg, The multiphase inverers are classified with based on their different construction and working
principle, The multiphase inverters anm discussed balow,

21 Currant Sourca Inverter

The curment source inverfer, somebmaes refered to as the current fead imverber, genesates a three-phase or
single=phase oulpul afler comverling the npul DG 1o AC, Tes=swilches are used by the lve-phase curenl source
rverter (S]] o reduce rarmonic distortion and improve the output waveform[5), CS| can be used in elecinic vehicla
(EW} chargems, induction heating, variable freguency drives, and renewable ensrgy systems |ike solar photovoltaic
(PW) systema, power sysiems employ powsr factor correclion[8], Figure 1 shows the coruit connection of S-phase
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Abstracs—In the realm of wind energy systems, the qoest for optimal controd stratesies has led
to the exploration of immovative approaches. This study delve: mfo the realm of adaptive
comtrol, specifically focusing on a Modified FII.'EL’_FBEId Adaptive Comfroller desizned to
mitigate deviations in wind systems. This controller, a product of meticulows investization,
harnesses the power of forry logic with strategic modifications to enhance its adaptability. The
proposed controller exhibitz a remarkable ability to dynamically adjost itz parameters,
ensuring  optimal performance aroess diverse operafing condifions. Throwgh rigoroos
erperimentation and analysiz, the controller's efficacy m mitizntineg deviation: in wind systems
has been established, marking a Sgnificant advancement in the quest for robust and efficient
comtrol stratesies. Benewable enerzy is an ever-changsing field and the Modified Forry-Based
Adaptive Confroller is a sizmificant advancement. This confroller has the ability to adjost
parameter: dymamically and mifigate deviations in wind systems, which improves the efficency
of wind epergy systems and contributes to the broader field of adaptive control As inmovation
continmes to shape the fomre of sustainable energy, this controdler serves as a testament to the
relentless pursmit of 2 more resilient and eovironmentally conscons world

Index Terms— WECLS, Fuzzy Logic, PAMSC, Fuzry based Adaptive Controller.

[. INTRODUCTION

In the dymanue arenz of renewzble enerpy, pursung optonzl confrol stateges for wind enersy systems has
fueled a comtrmous exploration of mvenhive methodolomes. This research namative wmfolds with a3 spothight on
adaptrie control, honing In on a proneering sohion—ithe Modified Fuzzy-Based Adaphive Controller. Crafied
through a systematic investigatve process, this controller emerpes as a tensfometve smde o addesang and
reciifving deviations within wind systems. Af 1ts conceptual core hes the shateme amalgamation of furzy logic,
ennched with miznced modificatons that amphfy 1ts versablity, This introduction lavs the provmdwonk for an
exploration into the mincacies of this controller, "'.:rER‘JJ.Et[tLﬂg its prowess In dynarmcally adzpnngpuametﬂ

The study showeases the effectiveness of the controller mm reducmg deniztions and opimzing wind energy
systenys. It advances the field of adaptie contro] and poshons the Modified Furey-Based Adaptive Confroller
as a key player. This infroduction 1mvites readers to 2 realm where innovation and environmental consciousness
come together, munded b the tansformative power of this cuffing-edee controller.

An effective method fo maxomee the acqositon of the Maxormmm Power Point m a direct-diven Permanent
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