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Abstract—The aim of this paper is to present comparison of
Harmonic reduction in multilevel inverter. The simulation of

cascaded multilevel inverter for various stages usg PWM

(Pulse Width Modulation) is mentioned in

SIMULINK/MATLAB Software. Comparison is done in terms of

Total Harmonic Distortion (THD) in load voltage of various

stages for multilevel inverter. As stages of Multgvel Inverter

increases, the Total Harmonic Distortion (THD) reducs.

Keywords— Multilevel Inverter, Harmonic Component, PWM
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[. INTRODUCTION

The Inverter is an electrical device which conveti®ect
current (DC) to alternate current (AQ)low a day’s many
industrial applications have begun to require hjgbwer.
Some appliances in the industries however requéedium or
low power for their operation. Using a high poweuce for
all industrial loads may prove beneficial to sometons
requiring high power, while it may damage the otluads.
Some medium voltage motor drives and utility apgtlimns
require medium voltageThe Multi level inverter is like an
inverter and it is used for industrial applicatiasalternative
in high power and medium voltage situatioApplications of
Cascaded H-Bridge Multilevel Inverter are Motor ves,
Active filters , Electric vehicle drives, DC poweource
utilization , Power factor compensators , Back tackb
frequency link systems, Interfacing with renewalleergy
resources etc. The advantages of multilevel Inveate as

This paper presents survey of various harmonicsatésh
techniques in second section. MATLAB/SIMULINK
Simulation of different level cascaded multilevalverter in
third section. Fourth section discusses the resfiltsspective
simulated models. And last section concludes tipeipa

II. LETRATURESURVEY

An algorithm used to calculate the switchimglas of a
cascaded multilevel inverter for minimizing theaicharmonic
distortion. This algorithm uses implementation efscaded
multilevel inverter with only one battery feedingeobridge
and one transformer for each switching angle anthected
in cascade with the other transformers. Compareth wi
harmonic elimination, The THD resulted from switofpiangle
calculation with this algorithm is lower. Up totéen levels, a
list of switching angles for this is presented [Hower
management control scheme managed the all pogsiwer
operation mode. Both reactive and harmonic current
components drawn by nonlinear loads can be comfingday
this proposed system [2].

In the area of high-power medium-voltage gpearontrol,
multilevel inverter technology plays very importaote. Most
important topologies like diode-clamped inverterytral-
point clamped), capacitor-clamped (flying capagitoand
cascaded
Multicell with separate dc sources is presentethis paper.
Control and modulation methods developed for thiify of
converters such as multilevel sinusoidal pulse Hwidt

follows Common mode Voltage, Input Current with lownodulation, multilevel selective harmonic elimiratj and

distortion, Higher & lower Switching Frequency, Redd
Harmonics Distortion etc[1].

space-vector modulation. Latest and more relevant
applications of these converters such as laminatorsveyor

Using multiple lower level DC voltages as an inpubelts, and unified power-flow controllers are afiscussed

a multilevel inverteris capable of providing desir
alternating voltage level at the outp@@ascaded H-Bridge
Multilevel inverter uses several H-bridge invertecnnected
in series to provide a sinusoidal output voltade [3

Minimum harmonic content is the expectation from
power inverter. Various THD (Total Harmonics Digion)
techniques are demonstrated already. Few of theen
reviewed in the literature survey such as switchamgle
calculation based on THD equation of multilevel arter,
FPGA based control algorithm,
fundamental frequency switching scheme etc [5].
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here [3].

Two approaches for dc to ac power
conversion such as cascaded H-Bridge Inverter aed n
Multi-level Scheme having Level Modules and H-Bedd he
gimulation is done in SIMULINK/MATLAB. Comparisonfo
two approaches with respect to Total Harmonic Di&io in
gutput load voltage, active Power and reactive Powae
THD produced in second scheme and available acthe
reactive powers is better upto a certain stagesheffirst

novel topology angicheme are larger for the second scheme [4].
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Using PI controller to perform unity power factor
single-phase five levels Pulse Width Modulation (@AW
inverter for grid connection proposes in this pafer control
the injected current into the grid to be almostusoidal, a
digital proportional integral current control algbm is
implemented in FPGA XC3S400. The inverter offerscmu
less total harmonic distortion [5].

A novel topology for single-phase 7-Levalérter is
introduced. Switching strategy of the proposed itereis
discussed. A method and a formula are improved
calculating switching angles of the proposed ireferis
presented in simulations. Simulation results arengared
with conventional H-Bridge Inverter [6].

In electric utility and for industrial drives, Casie
Multilevel Inverters are very popular. The THD cemts of 7,
11 and 15 level cascade multilevel inverters haesnb
analysed. The THD analysis is carried out analisices well
as using MATLAB simulation (both results are in s#o
agreement) by calculating switching angles [7].

Instead of taking a single set of solution a sigaift
decrease in THD is obtained by considering multgm&ution
sets. For better understanding and to prove tleetfeness of
the method, the computational results are showphigally
[8].

A novel double closed-loop PI controller design moet for
a three-phase inverter based on a binary-codedrnakte
optimization (BCEQO) algorithm is presented in thaper. The
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tfotal harmonic distortion and the integral of timeighted
absolute error of output voltage waveform are wegidtas the
optimization objective function. A binary-coded esttal
optimization (BCEO) algorithm is designed to soltkds
formulated problem [9].

Next section will introduce MATLAB
SIMULINK models for three level & eight level inver
system.

[ll. PROPOSEDVORK

level Inverter SIMULATION model shown
Fig.1.Output voltage & THD (Total Harmonic Distant) for
three level inverter is shown in Fig.2. Eight levalerter
SIMULATION model shown in Fig.3.0Output voltage & TH
(Total Harmonic Distortion) for eight level invertes shown
in Fig.4.

Load voltage & Load current waveform is shown in
simulation waveform. Different control algorithmgwides the
different shape of output load voltage & currenarionic
components produced by three level & five leveliroferter
provided by simulation in MATLAB Software. Threevid
inverter provides THD (Total Harmonic Distortiorg 0.315
whereas eight level inverter provides THD (Totalridanic
Distortion) is 0.15. As level increases, the THDotdl
Harmonic Distortion) component decreases depenB WiV
(Pulse Width Modulation) technique utilized by gyst

Next section will conclude the paper with some lesu
characteristics.
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Fig.1.Three level Inverter SIMULATION model
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Harmonics

Load Current

Fig.2.Three level Inverter SIMULATION Output voltagk THD
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Fig.4.Eight level Inverter SIMULATION Output voltag& THD

IV. CONCLUSIONS

Multilevel Inverter plays vital role in industris& power
applications. It is necessary to reduce the Harooni
Components in load voltage & Load current. Various
techniques utilized for multilevel inverter are suarized in
Literature Review. THD (Total Harmonics Distortion)
measurement is done in MATLAB/SIMULINK Model. Three
level of inverter provides THD is 0.351 approximgte
Whereas five level of inverter provides THD is Q.15

ACKNOWLEDGMENT
| am using this opportunity to express my gratittmle

everyone who supported me for writing this resegraper. |
am thankful for their guidance and invaluably advauring
this work. | am sincerely grateful to them for shgrtheir
truthful and illuminating views on a number of issurelated
to this paper.

| express my warm thanks to Mr. Rajan J. Devi for

his support and guidance at Department of Eleateoni

Engineering; Karmaveer Bhaurao Patil College of

Engineering, Satara, 415001; Maharashtra, India.

REFERENCES

[1] Carlos Alberto Lozano Espinosklember, |EEE, Ivonne Portocarrero,
and Mauricio Izquierdo ,”"Minimization of THD & Angl Calculation
For Multilevel Inverter , International Journal dEngineering &
Technology IJET-IJENS Vol:12 No:5,pp.83-86

[2] S. H. Hosseini, Member, IEEE, F. Nejabatkhah, MemliiEE, and S.
Danyali, and S. A. Kh. Mozaffari Niapour, MembeEHE,” Grid-
Connected Three-Input PV/FC/Battery Power Systernth wActive
Power Filter Capability” pp.1-7

[3] José Rodriguez, Senior Member, IEEE, Jih-ShengSexjor Member,
IEEE, and Fang Zheng Peng, Senior Member, |EEE,"ltiMvel
Inverters: A Survey of Topologies, Controls, andpAgations” IEEE
TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 49, NO
4, AUGUST 2002, pp.724-738.

[4] Mohammad Ahmad and B. H. Khan, Senior Member, |[EBew
Approaches for Harmonics Reduction in Solar Invstt®78-1-4673-
0455-9/12/$31.00 ©2012 .

[5] Mahrous Ahmed, IEEE Member, Maha G. Elsheikh, Mahdhd\.
Sayed, IEEE Member, and Mohamed Orabi, IEEE SeWNember.
APEARC, Aswan Faculty of Engineering, South Vall&yiversity,
Aswan City 81542, Egypt,’Single-Phase Five-Leveldrer with
Less”, 978-1-4577-1216-6/12/$26.00 ©2012 IEEE,pp1t5527.

[6] E.Beser, S.Camur, B.Arifoglu and E.Kandemir Besep&tment of
Electrical Engineering, Kocaeli University VeziragCampus, 41040,
Kocaeli TURKEY,” Design and Application of a Nov8tructure and
Topology for Multilevel Inverter” International Symosium on Power
Electronics,Electrical Drives, Automation and Maotjo978-1-4244-
1664-6/08/$25.00 ©2008 IEEE,pp.969-974

[7] Dr. Jagdish Kumar Department of Electrical Engimegr PEC
University of Technology, Chandigarh,”THD Analysfer different
levels of cascade multilevel inverters for IndwdtriApplications”
International Journal of Emerging Technology and vaated
Engineering Website: www.ijetae.com (ISSN 2250-2498lume 2,
Issue 10, October 2012.

[8] Jagdish Kumar, Biswarup Das, and Pramod Agarwaainthstitute of
Technology Roorkee, Roorkee, India,” Harmonic RéidacTechnique

2321-3264/Copyright©2017, IJRMST, April 2017

102

[9]

for a Cascade Multilevel Inverter” Internationaludoal of Recent
Trends in Engineering, Vol 1, No. 3, May 2009,pp11185.

YU-XING DAI, HUAN WANG AND GUO-QIANG ZENG, National
Local Joint Engineering Laboratory of Digitalize eEfrical Design
Technology, Wenzhou University, Wenzhou 325035,n@fii Double
Closed-Loop PI Control of Three-Phase Inverters Bigary-Coded
Extremal Optimization” IEEE Acsses.



