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Abstract:Due ito ithe iwide ispread iof ipower ielectronics iequipment iin imodern ielectrical isystems, ithe iincrease iof ithe iharmonics 

idisturbance iin ithe iac imains icurrents ihas ibecame ia imajor iconcern idue ito ithe iadverse ieffects ion iall iequipment. iPower ielectronic 

iconverters iare icommonly iused ifor iinterfacing idistributed igeneration i(DG) isystems ito ithe ielectrical ipower inetwork. iHowever, 

ithe iunbalanced ivoltage icompensation imay icause iadverse ieffects ion ithe iIFCs' ioperation isuch ias ioutput iactive ipower ioscillation 

iand iDC ilink ivoltage ivariations. iMoreover, isince ithe icompensation iis irealized ithrough ithe iavailable irating iof iIFCs, iit iis iequally 

iimportant ito iconsider ithe ieffectiveness iof icontrol istrategy ifor iunbalanced ivoltage icompensation. iSpecially, ithe ifirst icontrol 

istrategy iaims iat iminimizing ithe iIFC's iactive ipower ioscillation iand ireducing ithe iadverse ieffects iof iunbalanced ivoltage 

icompensation ion iIFC's ioperation. iIn iDG isystems ia ifast iand iaccurate ipositive-sequence, ifundamental igrid ivoltage ifrequency iand 

imagnitude itracking iis irequired ito isynchronize igrid iconnected iconverter isystems iwith ithe imains. iThe iproposed iSystem ideals iwith 

ia iMulti ilevel iinverter ifor iDG isystems imitigating ipower iquality iissues, isuch ias iharmonics iand ireactive ipower icompensation ifor 

igrid-connected ioperation. iIt iperforms ithe inonlinear iload icurrent iharmonic icompensation, imitigates iharmonics iyielding imore 

iaccurate iand ipure isine iwave ioutput. iSo iInstead iof iusing iinverter iwe ican iuse imultilevel iinverters iin ithe ipower isystem iequipment. 

Keywords: IDG iSystems, iIFC, iUnbalanced ivoltage icompensation, iMulti ilevel iinverter. 
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I. INTRODUCTION 

The idistributed igeneration i(DG) iconcept iemerged ias ia iway ito iintegrate idifferent ipower iplants, iincreasing ithe iDG iowner’s 

ireliability, ireducing iemissions, iand iproviding iadditional ipower iquality ibenefits i[1]. iModern ielectrical isystems, idue ito iwide 

ispread iof ipower iconversion iunits iand ipower ielectronics iequipments, icauses ian iincreasing iharmonics idisturbance iin ithe iac imains 

icurrents. iThese iharmonics icurrents icauses iadverse ieffects iin ipower isystems isuch ias ioverheating, iperturbation iof isensitive 

icontrol iand icommunication iequipment, icapacitor iblowing, imotor ivibration, iexcessive ineutral icurrents, iresonances iwith ithe igrid 

iand ilow ipower ifactor. iAs ia iresult, ieffective iharmonic ireduction ifrom ithe isystem ihas ibecome iimportant iboth ito ithe iutilities iand ito 

ithe iusers. 

 iThe isolution iover ipassive ifilters ifor icompensating ithe iharmonic idistortion iand iunbalance iis ithe ishunt iactive ipower ifilter 

i(APF). iThe iAPF iis iactually ian iinverter ithat iis iconnected iat ithe icommon ipoint iof icoupling ito iproduce iharmonic icomponents 

iwhich icancel ithe iharmonic icomponents ifrom ia igroup iof inonlinear iloads ito iensure ithat ithe iresulting itotal icurrent idrawn ifrom ithe 

imain iincoming isupply iis isinusoidal i[2]. iShunt iAPFs iare ithe imost icommonly iused itopology iand ithey iare iconnected iin iparallel 

iwith ithe iAC iline. iAPFs ihave icertain iadvantages iif icompared ito ithe ipassive ipower ifilters. iThey iare iknown ito ibe iable ito iadapt 

iconcurrently ito ichanging iloads, ican ibe iexpanded ieasily iand iwill inot iaffect ineighborhood iequipments. 

 

Fig.1. iDistributed iGeneration iSystems 
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In irecent iyears, idistributed igenerations i(DGs) ithat ican ibe iclassified iinto ipower igeneration ifrom irenewable ienergy iresources isuch 

ias iwind, iphotovoltaic, ithe iclean ialternative ienergy igeneration itechnologies isuch ias ifuel icells iand imicro iturbines, ias iwell ias ithe 

itraditional irotational imachine ibased itechnologies isuch ias idiesel igenerators iare iplaying ian iimportant irole iin iactive idistribution ior 

ieven itransmission ipower isystems ioscillations iat ithe ioutput iof ipower ielectronic iconverters, iwhich iare ireflected ias iripple iin ithe 

iDC ilink ivoltage. 
This iis iparticularly itrue iconsidering ithat ithe iDC ilink icapacitors iin ithree-phase ipower isystems iare itypically ismall. iMoreover, 

iunbalanced ivoltage iwill iincrease ithe ipeak icurrent iof ipower iconverter iin ithe isame iactive iand ireactive ipower iproduction, iwhich 

imay iresult iin iover icurrents iprotection. iTherefore, iappropriate imethods ishould ibe iapplied iin ithe idistribution isystem iin iorder ito 

icompensate iunbalanced ivoltage. 

 

 
 

Fig. i2. iUnbalanced ivoltage icompensation 

 
II. iMETHODOLOGY 

 

A. Unbalanced iVoltage iCompensation iwith iActive iPower iOscillation iMinimization 

 

In iactive ipower ioscillation icancellation istrategy i[8], i[9], ithe ilevel iof iunbalanced ivoltage icompensation icannot ibe icontrolled 

idirectly. 

 

 
 

Fig. i3. iSubsystem iof ithe iinverter idesign 
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Figure i4: iProposed icontrol istrategies iof iinterfacing iconverter ifor ithe iunbalanced ivoltage icompensation. 

 

 

 

A. Comparison ito iBalance iIFC iCurrent iInjection iwithout iCompensation 

 
Utilizing ithe iproposed imethods, iwith iIFC’s icompensation iand ithe iequivalent ismall inegative isequence ivirtual iimpedance, ithe 

inegative isequence iload icurrent iis idirected ito ithe iDG iside, iresulting iin iless inegative isequence icurrent iin ithe igrid i(i` igrid) iand 

itherefore ithe inegative isequence ivoltage iat iPCC iare ireduced iin iall iconditions iin ithe iboth iproposed imethods. iHowever, 

iconsidering i(2) iand i(3), ithe ipresence iof ii` iincrease ithe iactive iand ireactive ipowers ioscillations iin icomparison ito ibalance icurrent 

iinjection. 

 

B. Comparison ibetween iTwo iProposed iMethods 

In ithe iactive ipower ioscillation iminimization istrategy, iIFC's inegative isequence icurrent i(or inegative isequence ivirtual iimpedance) 

iis icontrolled iin iorder ito iminimize ithe iactive ipower ioscillation iat ithe ioutput.In ithe iboth imethods, iincreasing iIi-I iwill ireduce 

iIi=gridI, iwhich ileads ito imore ireduction iof inegative isequence ivoltage iat iPCC i(although ithe iactive iand ireactive ipowers ioscillation 

iwill iincrease). iIn ismall iDGs, idue ito ilower iIi-I, iperformance idifference iof ithe itwo iproposed icontrol istrategies iin iterms iof ithe 

inegative isequence ivoltage ireduction iwill inot ibe ivery iobvious. iTherefore, ithe iactive ipower ioscillation iwill ibe ia idominant ifactor 

iwhen icomparing ithe itwo imethods. 

On ithe iother ihand, iin ilarge iDGs, idue ito ipossibility iof iIi-I, ithe idifference inegative isequence ivoltage ireduction ibetween ithe itwo 

imethods iwill ibe imore iobvious iand ibecome ia idominant ifactor iin imethods icomparison. iAdditional icomparisons iof ithe itwo 

iproposed istrategies iare iprovided iin ithe ifollowing isubsections. 

 

 
 

Fig. i5. iMulti iLevel iinverter idesign 

 
Difference iof ithe itwo imethods iwill ibe ivery iobvious iin iterms iof iactive ipower ioscillation iand inegative isequence ivoltage ireduction. 

 

 i(See iTABLE iI. iwhich ithe inegative isequence ivoltage iof i∆P-minimization istrategy iis i1.46 i itimes ilarger ithan iin-phase icurrent 

icompensation iwhile iits iactive ipower ioscillation iis i0.72 iof iin-phase icurrent icompensation). 
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Table iI. iCase iStudy iResults iFor iBoth iProposed iControl iStrategies iWith iIi-Refi= i10a iUnder iDifferent iIfc's iOutput iP/Q iRatios 

i(S=20.61kva) iAnd iThe iGrid iConditions i(Izgridi=0.75398Ω) 

 
 

III. iMULTI iLEVEL iINVERTERS 

 

A. Introduction 

 
Multilevel iinverter itechnology ihas iemerged irecently ias ia ivery iimportant ialternative iin ithe iarea iof ihigh-power imedium-voltage 

ienergy icontrol. iThis ipaper ipresents ithe imost iimportant itopologies ilike idiode-clamped iinverter i(neutral-point iclamped), 

icapacitor-clamped i(flying icapacitor), iand icascaded imulticell iwith iseparate idc isources. iEmerging itopologies ilike iasymmetric 

ihybrid icells iand isoft-switched imultilevel iinverters iare ialso idiscussed. iIt ialso ipresents ithe imost irelevant icontrol iand imodulation 

imethods ideveloped ifor ithis ifamily iof iconverters: imultilevel isinusoidal ipulsewidth imodulation, imultilevel iselective iharmonic 

ielimination, iand ispace-vector imodulation. iSpecial iattention iis idedicated ito ithe ilatest iand imore irelevant iapplications iof ithese 

iconverters isuch ias ilaminators, iconveyor ibelts, iand iunified ipower-flow icontrollers. iThe ineed iof ian iactive ifront iend iat ithe iinput 

iside ifor ithose iinverters isupplying iregenerative iloads iis ialso idiscussed, iand ithe icircuit itopology ioptions iare ialso ipresented. 

iFinally, ithe iperipherally ideveloping iareas isuch ias ihigh-voltage ihigh-power idevices iand ioptical isensors iand iother iopportunities 

ifor ifuture idevelopment iare iaddressed. 

 
 

B. Applications iin iPower iSystems i 

When ithe inumber iof ilevels iis igreater ithan ithree, iboth ithe idiode-clamped iand icascaded imultilevel iinverters ihave iequivalently 

iseparate idc isources ifor ieach ilevel iin iorder ito ienable ipower iconversion iinvolving ireal ipower isuch ias iin imotor idrives i[1, i[57]. 

iHowever, ias imentioned ipreviously, iboth iinverters ihave ia iperfect iniche iin iharmonic iand ireactive ipower icompensation i[5], i[6], 

i[6]. iThe icapacitor-clamped iinverter icannot ihave ibalanced ivoltage ifor ipower iconversion iinvolving ionly ireactive ipower i[61], 

ithus, iit iis inot isuited ifor ireactive ipower icompensation. iThe ifirst iunified ipower-flow icontroller i(UPFC) iin ithe iworld iwas ibased ion 

ia idiode-clamped ithree-level iinverter i[7]. iThe iUPFC iis icomprised iof ithe iback-to-back iconnection iof itwo iidentical iGTO 

ithyristor-based ithree-level iconverters, ieach irated iat i160 iMVA; iit iwas icommissioned iin imid-1998 iat ithe iInez iStation iof 

iAmerican iElectric iPower i(AEP) iin iKentucky ifor ivoltage isupport iand ipower-flow icontrol. iFig. i31 ishows ithe isystem 

iconfiguration. iOn ithe iother ihand, ithe icascaded imultilevel iinverter iis ibest isuited ifor iharmonic/reactive icompensation iand iother 

iutility iapplications i[13], i[6], i[3], isince ieach iH-bridge iinverter iunit ican ibalance iits idc ivoltage iwithout irequiring iadditional 

iisolated ipower isources. iGEC iAlsthom iT&D ihas icommercialized ithe icascaded imultilevel iinverter ifor ireactive ipower 

icompensation/generation i(STATCOM) i[7]. 
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C.CONTROL iTECHNIQUE 

By ilooking iat ithe inumber iof ipapers ipublished iin irecent iyears, iit iis ieasy ito iconclude ithat imultilevel iinverter iresearch iand 

idevelopment iactivities iare iexperiencing ian iexplosive irate iof igrowth. iA itrend iof ihaving imore iand imore imultilevel iinverters iis 

iobvious. iAlthough ithis ipaper ihas ifocused ion imultilevel iinverter icircuit itopology, icontrol, iand iapplications, ithere iis iother 

iresearch iand idevelopment iin irelated iareas, isuch ias ihigh-voltage ihigh-power isemiconductor idevices, isensors, ihigh-speed iDSPs, 

ithermal imanagement, iand ipackaging. 

IV. EXPERIMENTAL IRESULTS I 

 

 

(a)  i i i i(b) 

Fig. i6. iActive ipower ioscillations iin ithe iinductive igrid; i(a) i∆P i-minimization istrategy, i(b) iin-phase icurrent icompensation istrategy 

i(time: i1 is/div, ipower: i50 iW/div) 

. i  

 

 i i i i i i i i i i i i i i i i i(a) i i            (b) 

Fig. i7. iNegative isequence ivoltage iof iPCC iin ithe iweak iresistive igrid; i(a) i∆P i- iminimization istrategy, i(b) iin-phase icurrent 

icompensation istrategy i(time: i1 is/div, ivoltage: i1 iV/div). 

 
 

 i i i i i i i i i i i i i i i i i(a) i i            (b) 

Fig. i8. iActive ipower ioscillations iin ithe iweak iresistive igrid; i(a) i∆P i- iminimization istrategy, i(b) iin-phase icurrent icompensation 

istrategy i(time: i1 is/div, ipower: i50 iW/div). 
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(a) 

 
 

(b) 

 

 
 

(c) 

Fig i9 i(a), i(b), i(c) i: isimulation iresults ibefore iimplementation iof iMultilevel iinverter 

 

 
 

(a) 

 

 
 

(b) 
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(c) 

Fig i10(a), i(b), i(c) i: isimulation iresults iAfter iimplementation iof iMultilevel iinverter 

 

 
 

Fig i11 iPure isine iwave ioutput iobtained iby ithe iimplementation iof iMulti ilevel iinverter 

V. CONCLUSION 

In ithis ipaper, itwo icontrol istrategies ifor ithree-phase ipower ielectronics iinterfaced iDG isystem iare iproposed iin iorder ito icompensate 

ithe igrid isteady-state iunbalanced ivoltage. iIn ithe ifirst imethod, iin iorder ito ireduce ithe iadverse ieffects iof icompensation ion ithe 

iinterfacing iconverter's ioperation, iIFC's iactive ipower ioscillation iis iminimized iin ithe icompensation istrategy. i iThe iproposed 

iSystem ideals iwith ia iMulti ilevel iinverter ifor iDG isystems imitigating ipower iquality iissues, isuch ias iharmonics iand ireactive ipower 

icompensation ifor igrid-connected ioperation. iIt iperforms ithe inonlinear iload icurrent iharmonic icompensation, imitigates iharmonics 

iyielding imore iaccurate iand ipure isine iwave ioutput. iSo iInstead iof iusing iinverter iwe ican iuse imultilevel iinverters iin ithe ipower 

isystem iequipment. 
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