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Abstract: 

MultilevelTinverterTattractTwithTitsThighTpowerTandThighTvoltageTapplication.TMultilevelTinvertersThaveTuniq

ueTstructureTwhichTmakesTitTpossibleTtoTreachThighTvoltagesTwithTlessTharmonicTcontent.TInTthisTpaper,TaT

FibonacciTseriesusedTforTtheTvalueTofTDCTsourceTtoTobtainTaTnewThybridTsymmetricalTtopologyTmultilevelT

inverter.TTheTmainTadvantageTofTproposedTinverterThasTleastTPeakTInverseTVoltageT(PIV)TthanTtheTotherTco

nventionalTmultilevelTconverterTinTbothTsymmetricTandTasymmetricTmodes.TAlso,TthisTtopologyTdoublesTtheT

numberTofToutputTlevelsTusingTonlyToneTcascadedTfourTswitchesTHbridgeTcell.T 

ThisTtopologyTrequiresTlessTnumberTofTcomponentsT&TlessTgateTdriverTcircuitsTasTcomparedTtoTconventional

TmultilevelTinverterTtopologies.TThisTthesisThasTgivesTaTbriefTsummaryTofTproposedTMLITcircuitTtopologyT(

5-levelTandTtheirTanalysisTwithTdifferentTPWMTtechniquesTwithTtheThelpTofTsimulationTbyTusingT 

MATLAB/SIMULINK. 

 

IndexTTerms:TMultilevelTInverterT(MLI);TPulseTwidthTmodulationT(PWM)Ttechniques,TPeakTInverseTVoltage

T(PIV)TandTFibonacciTseries 

 

1. INTRODUCTION:T 

TheTmultilevelTinvertersTareTusedTinThighTpowerTandThighTvoltageTindustry.TTheTmainTadvantagesTofTmultil

evelTinvertersTareTlowerTTotalTHarmonicTDistortionT(THD),TlessTstressTonTtheTpowerTswitchesTandThigherTe

fficiency.TTheTharmonicTcontentTofTtheToutputTdecreasesTasTtheTnumberTofTlevelTincreases.TMultilevelTinvert

ersTenhancesTstaircaseTwaveformTquality,TitThasTlessTinputTcurrentTdistortion,TandTlowerTelectromagneticTinte

rference.TTheTmultilevelTinvertersTareTusedTinTdrives,TPVTsystems,TandTautomotiveTapplications.TThreeTdiffer

entTmajorTmultilevelTconverterTstructuresThaveTbeenTusefulTinTindustrialTapplications:TcascadedTH-

bridgesTconverterTwithTseparateTdcTsources,TdiodeTclamped,TandTflyingTcapacitors. 

TheTtermTmultilevelTbeganTwithTtheTthree-

levelTconverterTareTusedTtoTgenerateTanTACTvoltageTfromTDCTvoltageTsupply.TTheTtwo-

levelTinverterTcanTonlyTcreateTtwoToppositeTpolarityToutputTvoltagesTforTtheTload,TVdc/2TorT-Vdc/2.T 

ToTbuildTupTanTACToutputTvoltageTtheseTtwoTvoltagesTareTusuallyTswitchedTwithTPWM.TToTbetterTunderst

andTmultilevelTinvertersTtheTconventionalTthree-levelTinverter,TshownTinTFig.T1.TItTisTcalledTaTthree-

levelTinverterTsinceTeveryTphase-legTcanTcreateTtheTthreeTvoltageTlevelsTVdc/2,T0,T-Vdc/2 

  

 

 

 

 

 

 

 

 

 

 

 

         FigT.1:TCircuitTofTsingleTphaseTthree-levelTinverterTandTthree-levelToutputTvoltageTwaveform. 

 

 

TheTmultilevelTinvertersTareTmainlyTclassifiedTasTcascadedTmultilevelTinverter,TDiodeTclampedTmultilevelTinv

erter,TflyingTcapacitorTinverter.TTheTcontrolTmethodTofTcascadedTHTBridgeTmultilevelTisTmoreTconvenientTth

anTotherTmultilevelTinverterTbecauseTitTdoesn’tThaveTanyTclampingTdiodeTandTflyingTcapacitor.TCascadedTm
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ultilevelTinverterTreachesThigherTreliability.TTheTcascadedTinverterTisTusedTforTlargeTautomotiveTelectricTdriv

es. 

 

 

 

 

 

 

 

 

 

 

 

                                        Fig.T2:TSingleTphaseTcascadedTmultilevelTinverter 

 

 

OneTofTtheTbasicTcascadeTH-TBridgeTmultilevelTinverterTisTshowTinTfig.2.TInTcascadeTH-

bridgeTmultilevelTinverterTeachTDCTsourceTisTconnectedTinTdifferentTstages.TIfTallTDCTsourceTinTFig.2,Tequ

alTtoTVdcT=T1TPu,TthenTthisTconverterTisTknownTasTsymmetricTmultilevelTinverter.TInTsymmetricTtopology,T

eachTunitTgenerateTthreeTvoltageTlevelsT+Vdc,T0,T-

Vdc.TTheTnumberTofToutputTvoltageTlevelsTcanTbeTobtainedTbyTtheTequation:TmT=T2nT+T1TandTPIVTisTgiv

enTby:TPIVT=T4nVdc,TWhereTnTisTtheTnumberTofTDCTsourceTandTmTisTtheTnumberTofTvoltageTlevels. 

 

 

2. ProposedTMultilevelTInverterTTopology:TconventionalTcascadedTmultilevelTinvertersTrequireTlargeTnu

mber 

ofTswitchesTandTtheTpowerTswitchesTareTcombinedTtoTgenerateTanToutputTinTpositiveTandTnegativeTp

olarities.TInTtheTproposedTmultilevelTinverterTthereTisTnoTneedTtoTuseTallTtheTswitchesTinThighTfrequ

ency.TInTthisTnewThybridTsymmetricalTtopologyTdifferentTPWMTschemeThaveTbeenTapplied.TInTsym

metricalTmodeTtheTvalueTofTPIVTandTtheTnumberTofTswitchesTversusTotherTconventionalTsymmetricT

convertersThasTbeenTreduced.TForTmagnitudeTselectionTofTDCTvoltageTsourcesTinTasymmetricalTmode

FibonacciTseriesThasTbeenTused.TThisTcauseTsignificantTreductionTinTtotalTswitchesTPIVTwithT 

respectTtoTotherTmultilevelTtopologies.T 

 

ToTincreaseTtheToutputTvoltageTlevelsTonlyTfourTswitches    

H- BridgeTinverterTareTmixedTbyTspecificTtopologyTshowTinTfig.T3TasTseries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                               Fig.3:TProposedTStructure 

  

    

TheTproposedTconverterTareTshowTinTFig.3,TwithTnDCTsource,TinTorderTtoTdoubleTtheTnumberTofToutputT 

voltageTlevelsTinTspecificTconfigurationTbasicTstructure,TH-

BridgeTDCTsourceTisTselectedThalfTofTtheTminimumTvalueTofTbasicTstructureTDCTvoltageTsources.TForTexa

mple,TifTallTDCTvoltageTsourcesTinTFig.T3.3TareTequalTtoTVdcT=T=1TPu,TselectedTvalueTforTH-
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BridgeTDCTsourceTwillTbeT1/2VdcT=T0.5pu.T.TInTFig.T3TvalueTofTVH-

bridgeTisTViT(min)=V1/2.SinceTinThybridTsymmetricTtopology.TheTnumberTofToutputTvoltageTlevels,TisTobtainedTb

y:TmT=4nT-

1,TwhereTnTisTtheTnumberTofTDCTvoltageTsources.TTheTPIVTvalueTofThybridTsymmetricTtopologyTisTgiven

TbyTPIV=T(4n-2)TVdcT. 

ModesTofTOperation 

TheTModesTofTOperationTofTsuggestedTMLITisTexplainedTbyTFig.4,T(a),T(b),T(c),T(d)TandT(e)TdepictsTtheTar

rangementTofTaT5-levelTProposedTMLI.TTheTnumberTofTcarrierTsignalsTisTobtainedTbyTnCarrierT=TmT-

T1=T4T[27].TFig.5TshowsTtheToutputTvoltageTofTVo.TTheToutputTvoltageTfrequencyTbandTisTgivenTinT5.25.T

TheTmagnitudeTofTeachTvoltageTsourceTinTbasicTstructureTisTconsideredTV=100TVTandTtheTvalueTofTvoltage

TsourceTinTH-bridgeTcellTisTVH-bridge=50TV.TTable-

1TshowsTONTstateTswitchesTlookupTtableTforTeachToutputTvoltageTlevel 

                                                                        

                                                                           TableT-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ModeTofTOperationTsuggestsT5levelTMLITwithTsingleTphaseTsymmetricalTFibonacciTtopologyTcanTbeTeasilyTe

xplainedTwithTtheThelpTofTfig.4.TWhenTswitchesTS1,TS3,TS5TandTS7TareTturnedT“ON”TtheToutputTvoltageT

willTbeT“100”T(i.e.TlevelTfive).TheToutputTvoltageTwillTbeT“50”T(i.e.TlevelTfour)TwhenTswitchesTS1,TS2,TS6

TandTS7TareTturnedT“ON”.TWhenTswitchesTS1,TS3,TS6TandTS7TareTturnedT“ON”TtheToutputTvoltageTwillTb

eT“0”T(i.e.TlevelTthree).TInTlevelTtwoTSwitchesTS3,TS4,TS5TandTS8TareTturnedT“ON”TtheToutputTvoltageTw

illTbeT“-50”.TInTlevelToneTswitchesTS2,TS4,TS6TandTS8TareTturnedT“ON”TtheToutputTvoltageTwillTbeT“-

100”.TAndTsimilarlyTforT7-levelT&T9-levelTofTmultilevelTinverter. 

 

 

 

 

 

 

 

 

 

 

TheTconfigurationTofTaT5-levelTproposedTSymmetricTMLI     (a) 
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(d)T                                                  (e) (909 

 

 

 

 

 

 

                   Fig.4T(a),T(b),T(c),T(d)TandT(e)TareTswitchingTcombinationTofT5-levelTFibonacciTMLl 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5TOutputTvoltageTforTnewTtopologyTofT5-levelTMLI 
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Fig.6TProposedTsingle-phaseT7-levelTMLITtopologyT    Fig.8TProposedTsingle-phaseT9-levelTMLITtopology 
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Fig.7TOutputTPhaseTVoltageTofTaT7-levelTMLIT  Fig.9TOutputTphaseTVoltageTofTaT9-

levelTMLIT 
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3. MODULATIONTTECHNIQUE 

 

 

 

InTmultilevelTinverterTthereTareTdifferentTtypeTmodulationTtechniquesTcanTbeTapplied.TEveryTmodulationTtech

niqueThasTitsTownTadvantagesTandTdisadvantagesTdependingTonTmodulationTindex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                   Fig.10TBlockTdiagramTforTnovelTmodulationTtechniques 

 

PhaseTDispositionTpulseTwidthTmodulationT(PD-PWM):-

InTphaseTdispositionTpulseTwidthTmodulationTstrategy,TwhereTallTcarrierTwaveformsTareTinTphaseTwithT 

frequencyTandamplitudeTshownTinTfig.11TforT11-levelTMLI.T 

11TtriangleTcarriersTareTrequired.TForTthisTtechnique,TsignificantTharmonicTisTconcentratedTatTtheTcarrierT 

frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.T11TCarrierTarrangementTforTPDPWMTstrategyT 

 

 

PhaseToppositionTdispositionTPulseTwidthTmodulation(PODTPWM):InTPODTPWMTstrategy,TwhereTallTcar

rierTwaveformTareTinTphaseTtoTaboveTzeroTreferenceTandTareT1800ToutTofTphaseTtoTbelowTzeroTreference.T

InTthisTmodulationT 

technique,TdominantTharmonicsTareTonTtheTsidebandTofTtheTfirstTcarrierT(mfT ±1)TandTtheTphaseTvoltageThar

monicTatTtheTcarrierTisTnotTconsiderable.T 
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Fig.13:TCarrierTarrangementTforTPODPWMTstrategy 

 

 

AlternateTphaseToppositionTdispositionTpulseTwidthTmodulationT(APODTPWM):InTAPODTPWMTscheme

TwhereTeveryTcarrierTwaveformTisTinToutTofTphaseTwithTisTneighbourTcarrierTbyT1800.TTheTAPODTmodulat

ionTtechniqueTdoesTnotTproduceTaTfirstTcarrierTharmonic.TInsteadTdominantTharmonicsTareTchannelledTintoTt

heTsidebandTaroundTtheTfirstTcarrierTharmonic.TTherefore,TsinceTonlyTtheTtripleTsidebandsTawayTfromTtheTca

rrierTfrequencyTcancelTinTtheTthreeTphaseTsystem,TAPODTmodulationTcontainTsomeTconsiderableTharmonicTe

nergyTinTtheTlineTmfTisTeven.TIfTmfTisTodd,TthenTtheToutputTwaveformThasToddTsymmetry.T 

 

 

 

 

 

 

 

 

 

 

 

 

                                       Fig.14:TCarrierTarrangementTforTAPODPWMTstrategy 

 

 

4.    SIMULATION:TFig.5TshowsTtheToutputTvoltageTofTaT5-levelTMLI.TTable-

3TrepresentsTTHDTatTdifferentTmodulationTindex.TItTcanTbeTobservedTthatTthereTareTveryTfewTnotche

sTinTtheTvoltageTandTcurrentTwaveforms.TForT5-

levelTMLI,TcorrespondingT(%)TTHDTPDT=T30.45,TPODT=T29.93,TAPODT=T30.24,TISC-

PWMT=T32.21TandTVFIST=T32.14TatTmodulationTindexT(Ma)T=T0.9TandTMfT=T20TareTshownTinTF

ig.T17-19TComparativeTanalysisTofTTHDTforTdifferentTPWMTtechniquesTisTgivenTinTTable-2 

 

Fig.15TsimulationTmodelTofTaT5-level 
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                                     Fig.16TCarrierTModulationTsignalsTofTsingleTphaseT5-levelTMLIF 
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Fig.17TFFTTAnalysisTforTPDPWMTwithTR-LTLo 

 

 

 

 

 

 

 

 

 

 

 

                                                    

                                                        

                                                      Fig.18TFFTTAnalysisTforTPODPWMTwithTR-LTLoad 
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                                                                                              Table-2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  Conclusion:TThisTthesisThasTgivesTaTbriefTsummaryTofTproposedTMLITcircuitTtopologyT(5-    

level)TandTtheirTanalysisTwithTdifferentTPWMTtechniques.TInTthisTthesis,TaTproposedTSymmetricTMLI

TtopologyTtheTmainTfeatureTisTlessTPIV,TrequiredTlessTnumberTofTswitchesTcompareTtoTotherTconven

tionalTMLI.TAndTalsoTisTaddTsomeTotherTbenefitTlikeTlessTcontrolTrequirements,Tcost,TandTreliability.

TThisTtopologyTisTusedTinTpowerTapplicationTsuchTasTFACTS,THVDC,TandTPVTsystems.TInTsymmet

ricalThybridTproposedTtopology,TPIVTofTswitchesTisTgivenTbyTPIVT=T(4nT-T2)Vdc.TTable-

3,TsummarizesTtheTnumberTofTswitchesTandTPIVsTforTtheTsymmetricTcascadedTmultilevelTinverterTan

dTsymmetricTtopologyTofTandTalsoTproposedTsymmetricTtopologyTrespectively,TwhereTnTisTtheTnumb

erTofTDCTvoltageTsources.TForTgenerateTsameToutputTlevelsTnumber,TtheTnumberTofTswitchesTforTsy

mmetricTproposedTtopologyTisTfewerTthanTotherTtopologies.TAlso,TwithTtheTsameTnumberTofToutputT

voltageTlevels,TaTswitchTPIVTforTsymmetricTproposedTtopologyTisTfewer.T 

 

                                                                                       Table-3 
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Index 

0.8 0.9 1 

PD-PWM %THD 33.69 30.45 27.10 

POD-PWM %THD 33.55 29.93 26.98 

APOD-PWM %THD 33.26 30.24 26.57 

 

 

Symmetric 

Inverter 

CMI Semi cascade Proposed 

m (number of levels) 2n + 1 2n + 1 4n -1 

PIV 4nVdc (6n - 2)Vdc (4n -2)Vdc 

Switches(IGBT) 4n 2n + 2 2n + 4 
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