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Abstract: Thisresearch on cascade H-Bridge multilevel inverter in these days for various sectors goes on rapidly due toits
systematic operation. This paper proposes a harmonic minimization in distribution network by using power converter. This
project deals simulation and experimentation of 7-level inverter. It presents 7-level inverter with harmonics reduction along
with the reduction in number of switches. The percentage (%) total harmonic distortion is calculated for 7-level inverter. A
standardcascademultilevelinverterrequiresnDCsourcesfor2n+1level. Thefunctionality verificationofthe 7-levelinverteris
doneusingMATLABandHARDWARE. Theresultofsimulationisverifiedbyexperimentation. Theharmoniccomponentsof
theoutputvoltageandswitchinglossescanbediminishedconsiderably.
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I. INTRODUCTION

Tremendous industrial applications have initiated using high
power conversion tenders in recent decades. Nearly low and
medium voltage motor drives and efficacy applications
require low, medium voltage and high power level for a
mediumvoltagegrid;itisworryingtoconnectdirectlyasingle
switch. Asaresult, multilevel power converter (bothrectifiers
and inverters), has been introduced as an alternative in high
powerandmediumvoltagesituations.

The model of multilevel inverters has been introduced later
1975. The term multilevel startswith the three level inverters.
Multilevelinvertersincludeanarray of powersemiconductors
and capacitor voltage sources, the output of which generates
voltages with stepped waveforms with less distortion, less
switchingfrequency,higherefficiency, lower voltage devices
and better electro-magnetic compatibility. A multilevel
inverter notonlyarchiveshigh power ratings, butalsoenables
the use of renewable energy sources. Renewable energy
sourcessuch asphotovoltaic, wind and fuel cellscanbe easily
interfacedtoamultilevelinverter (converter) systemforahigh
power application. The multilevel power converters can be
referredasvoltagesynthesizersinwhichhighoutputvoltageis
synthesizedfrommanydiscretesmallervoltageslevels.

The advantage of multilevel converters when compared to
other converters can be listed as follows: they can generate
output voltages with extremely low distortion and lower
(dv/dt), they draw input current with very low distortion, they
canoperatewithalower switching frequency, theirefficiency
ishigh (>98%) because of the minimum switching frequency,
they are suitable for medium to high power applications,
multilevel waveform naturally limits the problem of large
voltage transients. The selection of the best multilevel
topologyforeachapplicationisoften

not clear and is subject to various engineering tradeoffs. The
differentmultileveltopologiesare, Diode-clampedmultilevel
inverter, Capacitor-clamped multilevel inverter and
Cascadedmultilevelinverter.

Il. KINDSOFMULTILEVELINVERTER

1. DiodeClampedMultilevellnverter

The first practical multilevel topology is the neutral point
clamped PWM technology first introduced by Nabe.etal in
1980. For m-level inverter, dc bus voltage is splits into _m°
levelsby (m-1) seriesconnected bulk capacitors. Here, diodes
clampthe switchvoltage to halfthe level of the dc busvoltage,
which is an added advantage of this type. This multilevel
inverter has some disadvantages than the cascade multilevel
inverter.Butithassomeadvantagesasfollows. Thismultilevel
inverter is difficult compare than cascade multilevel inverter.
Excessive clampingdiodesare required when levels are high.
Theissueof maintaining thechargebalance ofthe capacitors
isstill an open issue for NPC topologies with more than three
levels.

2. FlyingCapacitorMultilevellnverter
Thistopologywasfirstproposedin1992andisconsideredtobe
the serious alternative to the diode clamped topology. In
addition to improving the waveform quality, these multilevel
inverters substantially reduce voltage stress on the devices.
Howeverinthistypeofinverterstherequiredvoltageblocking
capabilities of the clamping diodes at higher levelsishigh. So
analternative multilevel structure where the voltage acrossan
open switch is constrained by clamping diodes has been
proposed by Meynard. These inverters are commonly known
asflyingcapacitor. Thismakesthetopologyattractiveevenfor
the dc/dc conversion. At the present time it seems that this
topology has few advantages like: Largeamountof  storage
capacitors can provide capabilities during power
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outages, likediodeclampedinverters,whenthenumberof
levelsishighenough, theharmoniccontentislowenoughto
avoid the need for filters, and both real and reactive
powerflowcanbecontrolled. Someofthedisadvantagesof
flying capacitor topology are: Excessive number of
storagecapacitorsisrequired,theinvertercontrolcanbevery
complicated.

3. CascadedMultilevellnverter
ThistopologyemploysacascadeoflowvoltageH-bridgeseach
with independent and isolated dc sources. The phase output
voltage is synthesized by the sum of series of H- bridges plus
one. This cascade multi-level inverter has more capacity
compare than other multilevel inverter. One major advantage
of thisapproach is that the number of the output can be further
increased withoutaddition of any new components, requiring
onlythedcsourceswithdifferentvoltagelevels. Thenumberof
possibleoutputvoltage levelsismorethantwicethenumber of
dcsources(m=2s+1).

The series of H-bridges makes for modularized layout and
packaging. This will enable the manufacturing process to be
done more quickly and cheaply. Separate dc sources are
required for each of the H-bridges. This will limit its
application to products that already have multiple SDCSs
readilyavailable.

I1l. HARMONICMINATIONINCMLI

Multilevel inverters are source of high power, often used in
industrial applicationsand can useeithersineormodified sine
waves. Instead of usingone convertertoconvertan ACcurrent
into a DC current, a multilevel inverter uses a series of
semiconductor power converters (usually two to three) thus
generating higher voltage. While an inverter would transfer
energy with the flip of one switch, with a help of multilevel
inverterwehavetoflipseveralswitches,eachswitchrequiring
adriving circuit. These multiple switchesand circuits usually
make multilevel inverters more expensive than normal
inverters.

Bynewapproachthedisadvantagesoftheexistingmethodsare
minimized.Theyare,

HarmonicDistortion.

Switchinglosses.
ImprovetheElectroMagneticcompatibility. Higher
voltagecapability.

A. ModifiedHarmonicDistortion

By this new approach the Harmonics are reduced by 4.93 to
4.7The harmonics is nothing but the disturbance in the
waveformsitmaygeneratefromthenon-sinusoidal currentsin
thedioderectifier.

Techniqueused

ThePWMtechniquemethodofsinglestage H-bridgeinverter
converts from DC to AC. The fixed DC input voltage is
converted into a variable AC output voltage which can be
obtained by varying the control of inverter. The AT mega8L-
8pu controller provides PWM pulses to MOSFET switches.
Byusingthistechniquesitimprovesthe,
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Pulse-width modulation (PWM), or pulse-duration
modulation (PDM), is a commonly used technique for
controllingpowertoinertial electrical devices, made practical
by modern electronic power switches. The average value of
voltage (and current) fedtothe load iscontrolled by turningthe
switch between supply and load on and off at a fast pace. The
longer the switch is on compared to the off periods, the higher
thepowersuppliedtotheload.

ThePWMswitching frequency hastobe muchfasterthanwhat
would affect the load, which is to say the device that uses the
power. Typically switching have to be done several times a
minuteinanelectricstove, 120Hzinalampdimmer, from few
kilohertz (kHz)totensofkHzforamotordriveandwellintothe
tens or hundreds of kHz in audio amplifiers and computer
power supplies. The term duty cycle describes the proportion
of'on'timetotheregularinterval or ‘period' of time; alow duty
cycle corresponds to low power, because the power is off for
mostofthetime.Dutycycleisexpressedinpercent,100%being
fully on. The mainadvantage of PWM is that power loss in the
switching devices is very low. When a switch is off there is
practically no current, and when it is on, there is almost no
voltagedropacrosstheswitch. Powerloss, beingthe productof
voltage and current, is thus in both cases close to zero. PWM
also works well with digital controls, which, because of their
on/offnature, caneasilysettheneededdutycycle.

BlockDiagramoftheSystem:
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Figure2.Blockdiagramofamultilevellevelinverter
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Theblock diagram shows the proposed method of the cascade
H-bridge multilevel inverter. In which the AC power is
converted into the DC by using the Bridge rectifier. The DC
source isused ininverter circuitthat convert DCto AC.PWM
techniquesisusedhereforthe Variable Acoutputby usingthis
we can easily maintain the Harmonics in easy manner and
controllable feature this is another advantages for this
circuit.

IV. SIMULATIONRESULTS

The multilevel H-bridge cascade system model implemented
wastestedbothusingsimulationandhardware. Thesimulation
was carried using  MATLAB programming for computing.
The hardware implementation was carried using various
components such as the Power supply, Driver circuits and
MicrocontrollerUnit

MATLAB is a high-performance language for technical
computing. It integrates computation, visualization and
programming inan easy-to-use environmentwhere problems
andsolutionsareexpressed infamiliarmathematical notation.
Typicalusesinclude

Mathandcomputation

Algorithmdevelopment

Dataacquisition
Modelling,simulation,andprototypingDataanalysis.

SIMULATION MODEL

Figure3simulationcircuitofsevenlevelcascadeh-bridge
inverter

-

The simulation circuit for the seven level cascade H- Bridge
inverterisshowninthefigure3. Thecircuitdiagramconsistof3
stepdown transformer and 1 stepup transformer.In this
stepdown transformer the 220V AC supply voltage is
stepdownto 12V ACsupply.Therectifier circuit that converts
AC to DC for this purpose we use the half bridge rectifier
circuits. This DCsupplyisgivento theinvertercircuit.
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Theinvertercircuitconsistof 3H-Bridge MOSFET inverter
and 12 switches.The gate pulse foreach MOSFET is given
through the microcontroller in which PWM sinusoidal
techniques is used.By use this we can reduces the Harmonics
,clarity inthe O/Pwaveformandreduction inthe conversional
losses these are the main advantages present in the PWM
techniques.The output from the Inverter is stepup by
transformerandgiventotheload.

SUBSYSTEM
The various subsystem blocks for the seven level cascade H-
Bridgeinverterisshowninthefigure4.
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Figure4sub-systemAlblockof7levelh-bridgeinverter
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CASCASEDMULTILEVELINVERTEROUTPUT

By the switching sequence the output of the seven level
cascadedinverteroutputisobtainedasshowninfig5

Fig5CascadedInverteroutputvoltage

In Cascaded Inverter output voltage, the voltage levels are
equal and accurate. This topology provides a modularized
outputwiththe completeeradicationof clampingdiodesand
storage capacitors which are used in the previous
topologies. This makes the entire circuit very compact and
thusthismethodischosenforhardwareimplementation.

HarmonicAnalysis

The FFT analysis of cascade multilevel inverter from the mat
labanalysishaslow THDvaluewhencomparedtothe othertwo
topologies.

Thethird and fifth order harmonics are a major concern in
any power systemsince itcannotbe eliminated by the usage of
capacitors. Thusforanefficientsystemthese harmonicshasto
beasleastaspossible.

13



https://doi.org/10.5281/zenodo.14632165

—FFT analy

Fundamental (50Hz) = 165.5 . THD=4.84%

250
200
150

100

Mag (% of Fundamental)

50

0 5 10 15 20
Harmonic order

Fig6FFTanalysisofcascadedmultilevelinverter

V. HARDWARERESULTS

The principle of seven level multi convertersisconverting the
dcinputsupply toac outputsupply. The input power supply is
acanditisconverted using rectifier thiswill reduce losses, the
harmonicalsoreduced.

Figure7HardwareDesign

The powersupply unitwill provide the power tothe three step-
downtransformerswhichwillgivethepowerof12voltage.the
hardware kit having three H-bridges the transformer output
willgotothisH-bridgeinverterandtherectifieronitwill rectify
it then the power will go to capacitor for reducing the ripples
thenitwillgotothevoltage regulator then the supply will
go to the inverter

.Thecontroller willcontrol thegate pulsesandoptocoupler
willgiveisolatedpulsestothe MOSFET.

Figure8DSOOutput

IJARR, 9(12), 2024; 11-14

VI. CONCLUSION

This project gives clear idea about the —Harmonic
minimization indistribution network using cascade H- bridge
multilevel inverterl. The proposed MLI has three H-bridge
inverter in order to achieve the output voltage of 7-level. The
output waveform of the MLI was stepped wave with 7-level.
Comparingtothe conventional 5-level inverter the harmonics
arereducedinthe7-levelinverter. Theoutputvoltageleveland
powerdensitywasincreased inthe proposedsystem. Since, the
cascaded inverter was implemented in hardware by
considering both the economicand technical advantages over
theothertwotopologies.
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