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Abstract: iThis iresearch  ion icascade  iH-Bridge i multilevel iinverter  iin ithese idays ifor ivarious isectors igoes ion irapidly  idue i to iits 

isystematic ioperation.  iThis ipaper  iproposes ia iharmonic iminimization  iin idistribution  inetwork  iby iusing  ipower  iconverter.  iThis 

iproject ideals isimulation  iand  iexperimentation  iof i7-level iinverter.  iIt ipresents i7-level iinverter  iwith iharmonics ireduction  ialong 

iwith ithe ireduction  iin inumber  iof iswitches.  iThe ipercentage  i(%) itotal iharmonic idistortion  iis  icalculated  ifor i7-level iinverter.  iA 

istandard  icascade imultilevel iinverter  irequires in iDC isources ifor i2n i+ i1 ilevel. iThe ifunctionality  iverification  iof ithe i7-level iinverter  iis 

idone iusing  iMATLAB iand iHARDWARE.  iThe iresult iof isimulation  iis iverified  iby iexperimentation.  iThe iharmonic icomponents iof 

ithe ioutput ivoltage iand iswitching  ilosses ican ibe idiminished  iconsiderably. 

Key iwords: iHarmonic,  iinverter,  ivoltage, iDc iSource. 

I. INTRODUCTION 

Tremendous iindustrial iapplications ihave iinitiated iusing ihigh 

ipower  iconversion  itenders iin  irecent idecades. iNearly  ilow iand 

imedium  ivoltage imotor  idrives iand iefficacy  iapplications  

irequire ilow, imedium  ivoltage  iand ihigh  ipower  ilevel  ifor  ia  

imedium  ivoltage igrid; iit iis iworrying  ito iconnect idirectly  ia isingle 

iswitch. iAs ia iresult, imultilevel  ipower  iconverter  i(both  irectifiers 

iand iinverters), ihas ibeen  iintroduced  ias ian ialternative iin ihigh 

ipower  iand imedium  ivoltage isituations. 

The imodel iof imultilevel iinverters ihas ibeen  iintroduced i later 

i1975. iThe iterm imultilevel istarts iwith ithe ithree ilevel iinverters.  

iMultilevel iinverters iinclude ian  iarray  iof ipower  isemiconductors 

iand icapacitor  ivoltage isources,  ithe ioutput iof iwhich  igenerates 

ivoltages iwith istepped  iwaveforms iwith iless idistortion,  iless 

iswitching  ifrequency,  ihigher iefficiency, ilower  ivoltage idevices 

iand ibetter ielectro-magnetic  icompatibility.  iA imultilevel 

iinverter  inot ionly  iarchives ihigh  ipower  iratings, ibut ialso ienables 

ithe iuse iof irenewable i energy isources. iRenewable ienergy 

isources isuch  ias iphoto  ivoltaic,  iwind iand ifuel icells ican ibe ieasily 

iinterfaced  ito ia imultilevel iinverter  i(converter)  isystem ifor ia ihigh 

ipower  iapplication. iThe imultilevel  ipower  iconverters ican  ibe 

ireferred  ias ivoltage isynthesizers iin iwhich  ihigh  ioutput ivoltage iis 

isynthesized  ifrom imany  idiscrete  ismaller ivoltages ilevels. 

The iadvantage iof imultilevel  iconverters iwhen icompared  ito 

iother  iconverters ican ibe ilisted  ias ifollows: ithey  ican igenerate  

ioutput ivoltages iwith iextremely  ilow idistortion  iand ilower  

i(dv/dt),  ithey  idraw iinput icurrent iwith ivery  ilow  idistortion,  ithey  

ican ioperate iwith ia ilower  iswitching  ifrequency,  itheir iefficiency 

iis ihigh  i(>98%) ibecause iof ithe iminimum  iswitching  ifrequency, 

ithey  iare isuitable ifor imedium ito ihigh  ipower  iapplications, 

imultilevel iwaveform  inaturally  ilimits ithe iproblem  iof ilarge 

ivoltage itransients. iThe iselection  iof i the ibest imultilevel  

itopology  ifor ieach iapplication  iis ioften 

not iclear iand iis isubject ito ivarious iengineering  itradeoffs.  iThe 

idifferent imultilevel itopologies iare, iDiode-clamped  imultilevel 

iinverter,  iCapacitor-clamped imultilevel iinverter  iand 

iCascaded  imultilevel iinverter. 

II. KINDS iOF iMULTILEVEL iINVERTER 

1. Diode iClamped  iMultilevel iInverter 

The ifirst ipractical imultilevel  itopology  iis ithe ineutral ipoint 

iclamped  iPWM itechnology  ifirst iintroduced  iby iNabe.etal iin 

i1980. iFor im-level iinverter, idc ibus ivoltage iis isplits iinto  i‗m‘  

ilevels iby i(m-1) iseries  iconnected  ibulk icapacitors.  iHere,  idiodes 

iclamp ithe iswitch ivoltage  ito ihalf ithe ilevel iof ithe idc ibus ivoltage,  

iwhich  iis ian iadded  iadvantage  iof ithis itype. iThis imultilevel  

iinverter  ihas isome idisadvantages ithan  ithe icascade imultilevel  

iinverter.  iBut iit ihas isome iadvantages ias ifollows. iThis imultilevel 

iinverter  iis idifficult icompare  ithan  icascade imultilevel iinverter.  

iExcessive iclamping  idiodes iare irequired  iwhen  ilevels iare ihigh. 

iThe iissue iof imaintaining  i the icharge ibalance iof ithe icapacitors 

iis istill ian iopen  iissue ifor  iNPC itopologies iwith imore ithan  ithree 

ilevels. 

2. Flying  iCapacitor iMultilevel iInverter 

This itopology iwas ifirst iproposed  iin i1992 iand iis iconsidered  ito ibe 

ithe iserious ialternative ito ithe idiode iclamped  i topology.  iIn 

iaddition  ito iimproving  ithe iwaveform  iquality, ithese imultilevel 

iinverters isubstantially ireduce ivoltage istress ion ithe idevices. 

iHowever  iin ithis itype iof iinverters ithe irequired  ivoltage iblocking 

icapabilities iof ithe iclamping  idiodes iat ihigher  ilevels iis ihigh. iSo 

ian ialternative imultilevel istructure iwhere ithe ivoltage iacross ian 

iopen  iswitch iis  iconstrained  iby iclamping  idiodes ihas  ibeen  

iproposed iby iMeynard. iThese iinverters iare icommonly iknown 

ias iflying  icapacitor.  iThis  imakes ithe itopology  iattractive ieven  ifor 

ithe idc/dc iconversion.  iAt ithe ipresent itime iit iseems ithat ithis  

itopology  ihas ifew iadvantages ilike: iLarge iamount iof i storage 

i capacitors i can i provide  i capabilities i during  i power 
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outages, ilike idiode iclamped  iinverters,  iwhen  ithe inumber iof 

ilevels iis ihigh  ienough,  ithe iharmonic icontent iis ilow ienough  ito  

i avoid i the i need  i for i filters,  i and i both i real i and i reactive 

ipower  iflow ican ibe icontrolled.  iSome iof ithe idisadvantages iof 

i flying  i capacitor i topology  i are: i Excessive i number  i of 

istorage icapacitors iis irequired,  ithe iinverter  icontrol ican ibe ivery  

icomplicated. 

 

3. Cascaded  iMultilevel iInverter 

This itopology iemploys ia icascade iof ilow ivoltage iH-bridges ieach 

iwith iindependent iand iisolated  idc isources. iThe iphase ioutput 

ivoltage iis isynthesized  iby ithe isum iof iseries iof iH- ibridges iplus 

ione. iThis icascade  imulti-level iinverter  ihas imore icapacity  

icompare ithan  iother  imultilevel  iinverter.  iOne imajor iadvantage 

iof ithis iapproach  iis ithat ithe inumber  iof ithe ioutput ican ibe ifurther 

iincreased  iwithout iaddition  iof  iany  inew icomponents,  irequiring 

ionly ithe idc isources iwith idifferent  ivoltage ilevels.The inumber  iof 

ipossible ioutput ivoltage ilevels iis  imore ithan  itwice ithe inumber  iof 

idc isources i(m i=2s+ i1). 

The iseries iof iH-bridges imakes ifor imodularized ilayout iand 

ipackaging. iThis iwill ienable ithe imanufacturing  iprocess ito  ibe 

idone imore iquickly  iand icheaply.  iSeparate idc isources iare  

irequired  ifor ieach iof ithe iH-bridges. iThis iwill  ilimit  iits  

iapplication  ito iproducts ithat ialready  ihave imultiple iSDCSs  

ireadily iavailable. 

III. HARMONIC iMINATION iIN iCMLI 

Multilevel iinverters iare isource  iof ihigh  ipower, ioften  iused  i in 

iindustrial iapplications iand ican  iuse ieither isine ior imodified  isine 

iwaves. iInstead  iof iusing ione iconverter  ito iconvert ian iAC icurrent 

iinto ia iDC icurrent, ia imultilevel  iinverter  iuses ia  iseries iof 

isemiconductor  ipower  iconverters i(usually  itwo  ito ithree)  ithus 

igenerating  ihigher  ivoltage. iWhile ian iinverter  iwould itransfer 

ienergy  iwith ithe iflip iof ione iswitch, iwith ia ihelp  iof imultilevel 

iinverter  iwe ihave ito iflip iseveral iswitches, ieach iswitch irequiring 

ia idriving  icircuit. iThese imultiple  iswitches iand icircuits iusually  

imake imultilevel iinverters imore iexpensive ithan  inormal 

iinverters. 

By inew iapproach  ithe idisadvantages iof ithe iexisting  imethods iare 

iminimized  i.They  iare, 

Harmonic iDistortion. 

iSwitching  ilosses. 

Improve ithe iElectro  iMagnetic icompatibility.  iHigher  

ivoltage icapability. 

A. i Modified iHarmonic iDistortion 

By ithis inew iapproach  ithe iHarmonics iare ireduced  iby i4.93  ito 

i4.7The  iharmonics iis  inothing  ibut ithe idisturbance  iin ithe  

iwaveforms iit imay  igenerate ifrom  ithe inon-sinusoidal icurrents iin  

ithe idiode irectifier. 

Technique iused 

The iPWM itechnique imethod iof isingle istage iH-bridge iinverter 

iconverts ifrom  iDC  ito iAC. iThe ifixed  iDC iinput ivoltage iis 

iconverted iinto ia ivariable iAC ioutput ivoltage iwhich ican  ibe 

iobtained  iby ivarying  ithe icontrol iof iinverter.  iThe iAT  imega8L-

8pu icontroller iprovides iPWM ipulses ito iMOSFET iswitches.  

iBy iusing  ithis itechniques iit iimproves ithe, 

• O/p i voltage iWaveforms 

• Low iTHD 

• Reduces ithe iconversional ilosses 

 

Pulse-width imodulation 
 

Figure i1 ipulse iwidth imodulation 

Pulse-width  imodulation  i(PWM), ior ipulse-duration 

imodulation i(PDM), iis ia icommonly  iused  itechnique  ifor 

icontrolling  ipower  ito iinertial ielectrical idevices, imade ipractical 

iby imodern  ielectronic ipower  iswitches. iThe iaverage ivalue iof 

ivoltage i(and  icurrent) ifed  ito ithe iload  iis icontrolled  iby iturning  ithe 

iswitch ibetween  isupply  iand iload ion iand ioff iat ia ifast ipace.  iThe 

ilonger  ithe iswitch iis ion icompared  ito ithe ioff iperiods, ithe ihigher 

ithe ipower  isupplied  ito ithe iload. 

The iPWM  iswitching  ifrequency  ihas ito ibe  imuch  ifaster ithan  iwhat 

iwould iaffect ithe iload, iwhich  iis ito isay  ithe idevice ithat iuses ithe 

ipower. iTypically  iswitching  ihave ito ibe idone iseveral itimes ia 

iminute iin ian ielectric istove,  i120 iHz iin ia ilamp idimmer,  ifrom  ifew 

ikilohertz i(kHz)  ito itens iof  ikHz ifor ia imotor  idrive iand iwell  iinto ithe 

itens ior ihundreds iof ikHz iin iaudio iamplifiers iand icomputer 

ipower  isupplies. iThe iterm  iduty icycle idescribes ithe iproportion 

iof i'on' itime ito ithe iregular  iinterval ior i'period' iof itime; ia ilow iduty 

icycle icorresponds ito ilow ipower, ibecause ithe ipower iis ioff ifor 

imost iof ithe itime. iDuty icycle iis iexpressed  iin ipercent, i100% ibeing 

ifully ion. iThe imain  iadvantage  iof iPWM iis ithat ipower  iloss iin ithe 

iswitching  idevices iis ivery  ilow. iWhen  ia iswitch iis ioff  ithere iis 

ipractically  ino icurrent, iand  iwhen  iit iis ion, ithere i is ialmost ino 

ivoltage idrop  iacross ithe iswitch. iPower  iloss, ibeing  ithe iproduct  iof 

ivoltage iand icurrent, iis ithus iin iboth icases iclose ito izero.  iPWM 

ialso iworks iwell  iwith idigital icontrols, iwhich, ibecause iof itheir 

ion/off  inature, ican ieasily  iset ithe ineeded  iduty icycle. 

Block  iDiagram iof ithe iSystem: 
 

Figure i2. iBlock  idiagram  iof ia imultilevel ilevel  iinverter 
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The iblock  idiagram  ishows ithe iproposed  imethod  iof ithe icascade 

iH-bridge imultilevel iinverter.  iIn iwhich  ithe iAC ipower  iis  

iconverted  iinto ithe iDC iby iusing  ithe iBridge irectifier. iThe iDC 

isource iis iused  iin iinverter  icircuit ithat iconvert iDC ito iAC.PWM  

itechniques iis iused  ihere ifor ithe iVariable iAc ioutput iby iusing  ithis 

iwe ican ieasily imaintain  ithe iHarmonics iin ieasy imanner  iand 

icontrollable i feature i this iis  i another  iadvantages ifor ithis 

icircuit. 

 

IV. SIMULATION iRESULTS 

The imultilevel iH-bridge icascade isystem imodel iimplemented  

iwas itested  iboth iusing isimulation  iand ihardware.  iThe isimulation 

iwas icarried  iusing  i MATLAB iprogramming  ifor icomputing. 

iThe ihardware iimplementation  iwas icarried  iusing  ivarious  

icomponents isuch  ias ithe iPower  isupply, iDriver  icircuits iand 

iMicrocontroller  iUnit 

MATLAB iis ia ihigh-performance  ilanguage ifor itechnical 

icomputing.  iIt iintegrates icomputation,  ivisualization  iand 

iprogramming  iin ian ieasy-to-use ienvironment iwhere iproblems 

iand isolutions iare iexpressed  iin  ifamiliar imathematical inotation. 

iTypical iuses iinclude 

Math iand icomputation  

iAlgorithm  idevelopment 

iData iacquisition 
Modelling, isimulation, iand iprototyping iData ianalysis. 

 

SIMULATION iMODEL 
 

Figure i3 isimulation icircuit iof  iseven  ilevel icascade ih-bridge 

iinverter 

The isimulation  icircuit ifor ithe iseven  ilevel icascade iH- iBridge 

iinverter  iis ishown  iin ithe ifigure  i3. iThe icircuit idiagram  iconsist iof i3 

istepdown  itransformer  iand i1 istepup  itransformer.In ithis 

i stepdown  itransformer  ithe i220V iAC isupply  ivoltage iis 

istepdown  ito i12V iAC  isupply.The  irectifier  icircuit ithat iconverts 

iAC ito iDC ifor ithis ipurpose  iwe iuse ithe ihalf ibridge irectifier 

icircuits.This i DC isupply  iis igiven  ito i the iinverter  icircuit. 

The iinverter  icircuit iconsist iof i 3H-Bridge i MOSFET  iinverter 

i and i12 iswitches.The igate ipulse ifor ieach i MOSFET  iis igiven  

ithrough  ithe imicrocontroller  iin iwhich  iPWM  isinusoidal  

itechniques iis iused.By  iuse ithis iwe ican ireduces ithe iHarmonics 

i,clarity iin ithe iO/P iwaveform  iand ireduction  iin ithe iconversional 

ilosses ithese iare ithe imain  iadvantages ipresent iin ithe iPWM  

itechniques.The  ioutput ifrom ithe iInverter  iis  istepup  iby 

itransformer  iand igiven  ito  ithe iload. 

SUBSYSTEM 

The ivarious isubsystem  iblocks ifor ithe iseven  ilevel  icascade iH-

Bridge iinverter  iis ishown  iin ithe ifigure  i4. 
 

Figure i4 isub-system iA1 iblock  iof i7level ih-bridge iinverter 

 

CASCASED iMULTILEVEL  iINVERTER iOUTPUT 

By ithe iswitching  isequence  ithe ioutput iof ithe iseven  ilevel 

icascaded  iinverter  ioutput iis iobtained  ias ishown  iin ifig i5 
 

Fig i5Cascaded  iInverter ioutput ivoltage 

In iCascaded  iInverter  ioutput ivoltage, ithe ivoltage ilevels iare 

iequal iand iaccurate. iThis itopology  iprovides ia imodularized 

ioutput iwith ithe icomplete  ieradication  iof iclamping  idiodes iand 

istorage icapacitors iwhich  iare iused  i in ithe iprevious 

itopologies. iThis imakes  ithe ientire icircuit ivery  icompact iand 

ithus ithis imethod  iis ichosen  ifor ihardware iimplementation. 

 
Harmonic iAnalysis 

The iFFT ianalysis  iof icascade imultilevel iinverter  ifrom  ithe imat 

ilab ianalysis ihas ilow iTHD ivalue iwhen  icompared ito ithe iother  itwo 

itopologies. 

The ithird  iand ififth  iorder iharmonics iare ia imajor iconcern  iin 

iany ipower  isystem isince  iit icannot ibe ieliminated  iby ithe iusage iof 

icapacitors.  iThus ifor ian iefficient isystem ithese iharmonics ihas ito 

ibe ias ileast ias ipossible. 
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Fig i6 iFFT ianalysis iof icascaded  imultilevel iinverter 

V. HARDWARE iRESULTS 

The iprinciple iof iseven  ilevel imulti iconverters iis iconverting  ithe 

idc iinput isupply  ito iac ioutput isupply.  iThe iinput ipower  isupply  iis 

iac iand iit iis  iconverted  iusing  irectifier  ithis iwill ireduce ilosses, ithe 

iharmonic ialso ireduced. 
 

Figure i7 iHardware  iDesign 

The ipower  isupply  iunit iwill iprovide  ithe ipower  ito ithe ithree istep-

down  itransformers iwhich  iwill igive ithe ipower  iof i12 ivoltage i.the 

ihardware ikit ihaving  ithree iH-bridges ithe itransformer  ioutput 

iwill  igo ito ithis iH-bridge iinverter  iand ithe irectifier  ion iit iwill irectify 

iit ithen  ithe ipower  iwill igo ito icapacitor  ifor ireducing  ithe iripples 

ithen  iit iwill igo ito ithe ivoltage i regulator  i then  i the i supply  i will  

i go i to i the i inverter 

.The icontroller  i will icontrol i the igate ipulses  iand ioptocoupler 

iwill igive iisolated  ipulses ito ithe iMOSFET. 
 

Figure i8  iDSO iOutput 

VI. CONCLUSION 

This iproject igives iclear  iidea iabout ithe i―Harmonic 

iminimization  iin idistribution  inetwork  iusing  icascade iH- ibridge 

imultilevel iinverter‖.  iThe  iproposed  iMLI ihas ithree i H-bridge 

iinverter  iin iorder  ito iachieve  ithe ioutput ivoltage iof i7-level. iThe 

ioutput iwaveform  iof ithe iMLI iwas istepped  iwave iwith i7-level. 

iComparing  ito ithe iconventional  i5-level iinverter  ithe iharmonics 

iare ireduced  iin ithe i7-level iinverter.  iThe ioutput ivoltage ilevel iand  

ipower  idensity iwas iincreased  iin ithe iproposed  isystem. iSince, ithe 

icascaded  iinverter  iwas  iimplemented  iin ihardware  iby 

iconsidering  iboth ithe ieconomic iand itechnical iadvantages iover 

ithe iother  itwo itopologies. 
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