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ABSTRACT 

The iunipolar isinusoidal ipulse iwidth imodulation i(SPWM) ifull-bridge itransformer iless 

iphotovoltaic i(PV) iinverter iwith iac ibypass ibrings ilow iconduction iloss iand ilow ileakage 

icurrent. iIn iorder ito ibetter ieliminate ithe ileakage icurrent iinduced iby ithe icommon-mode 

ivoltage, ithe iclamping itechnology ican ibe iadopted ito ihold ithe icommon-mode ivoltage ion 

ia iconstant ivalue iin ithe ifreewheeling iperiod. iA ifull-bridge iinverter itopology iwith 

iconstant icommon-mode ivoltage i(FB-CCV) ihas ibeen iderived iand iproposed iin ithis ipaper, 

itwo iunidirectional ifreewheeling ibranches iare iadded iinto ithe iac iside iof ithe iFB-CCV, 

iand ithe isplit istructure iof ithe iproposed ifreewheeling ibranches idoes inot ilead iitself ito ithe 

ireverse-recovery iissues ifor ithe ifreewheeling ipower iswitches iand ias isuch isuper ijunction 

iMOSFETs ican ibe iutilized iwithout iany iefficiency ipenalty. iThe ipassive iclamping 

ibranches iconsist iof ia icapacitor idivider iand itwo idiodes, iis iadded iinto ithe idc iside iof 

ithe iFB-CCV, itherefore, ithe iweakness iof iactive idamping ibranch ihas ibeen iovercome, iand 

ithe ibetter iclamping iperformance ihas ibeen iachieved iin ithe ifreewheeling iperiod. i 

iSuccessively, ithe ihigh-recurrence icommon imode ivoltage ihas ibeen istayed iaway ifrom iin 

ithe iunipolar iSPWM ifull-bridge iinverter iand ithe iyield icurrent icourses ithrough ijust ithree 

iswitches iin ithe ipower iflowing iperiod. iFurthermore, ia iclamping ibranch imakes ithe 

ivoltage istress iof ithe iadditional ichanges ibe iequivalent ito ihalf iinput ivoltage. iThe 

ioperation iand iclamping imodes iare ianalyzed, iand ithe iaggregate imisfortunes iof iinfluence 

igadget iof ia ifew iexisting itopologies iand iproposed itopology iare iverified iby 

iMATLAB/Simulink. 

 

1.  INTRODUCTION  

RANSFORMERLESS igrid-connected 

iinverters ihave ia ilot iof iadvantages isuch 

ias ihigher iefficiency, ismaller isize, ilighter 

iweight, ilower icost iand iso ion. i[1]. iThe 

iunipolar isinusoidal ipulse iwidth 

imodulation i(SPWM) ifull-bridge iinverter 

ihas ireceived iextensive iattentions iowing 

ito iits iexcellent idifferential-mode  

 

icharacteristics isuch ias ihigher idc ivoltage 

iutilization, ismaller icurrent iripple iin ithe 

ifilter iinductor, iand ihigher iprocessing 

iefficiency. iHowever, ithe icommon-mode 

ileakage icurrent iinduced iby ithe 

imodulation istrategy iis ibrought iin 

ielectrical isystems. 



Vol 08 Issue01, Jan 2019                                ISSN 2456 – 5083  Page 348 

 

In iorder ito iimprove ithe icommon-mode 

iperformance iof ithe iunipolar iSPWM 

ifull-bridge itransformer iless igrid-

connected iinverter, ia ilot iof iin-depth 

iresearch iworks, iwhere ithe inew 

ifreewheeling ipaths iare iconstructed ito 

iseparate ithe iPV iarray ifrom ithe igrid iin 

ithe ifreewheeling iperiod, ihave ibeen 

idone. iSeveral imethods ican ibe idivided 

iinto ithe iac ibypass i iand ithe idc ibypass. 

iThe igoal iis ito istructure ia isimple, 

iefficient, iand ireliable itransformer iless 

iinverter itopology ifor itransformaerless 

iphotovoltaic i(PV) igrid-connected 

iapplication. iBased ion ithe icommon-mode 

iequivalent imodel iof ithe ifull-bridge 

iinverter iderived, iit iis inecessary ithat ithe 

ipotential iof ithe ifreewheeling ipath iis 

iclamped ito ia ihalf iinput ivoltage iin ithe 

ifreewheeling iperiod iinstead iof ionly 

idisconnecting ithe iPV iarray ifrom ithe 

igrid. iDepending ion ithis irule, ithe 

iswitching ifrequency icommon-mode 

ivoltage ican ibe icompletely iavoided iin 

ithe iunipolar iSPWM ifull-bridge iinverter. 

iThe itopologies iare icomplying iwith ithe 

iaforementioned iconclusion; ihowever, 

itheir iclamping iability iis idifferent. iIn i 

i(the itopology iis ishown iin iFig. i1(a), 

iand iis inamed ias iHB-ZVR), iif ithe 

ipotential iof ithe ifreewheeling ipath irises, 

iit ican ibe iclamped, iwhile iif ithe 

ipotential ifalls, iit icannot ibe iclamped. iIn 

iGonzalez iet ial. ihave ibrought ia idiode 

iclamping ibranch iinto ithe iinput ivoltage 

iside i(shown iin iFig. i1(b), inamed ias iH6 

iin ithis ipaper), iand ithe ipotential iof ithe 

ifreewheeling ipath ican ibe iseamlessly 

iclamped ito ia iconstant ivoltage iin ithe 

ifreewheeling iperiod. iIn i[30], iwhen ithe 

ipotential iof ithe ifreewheeling ipath ifalls, 

iit ican ibe iseamlessly iclamped, ihowever, 

iwhen ithe ipotential irises, iit iis inot 

iclamped ieffectively iduring ithe idead 

itime ibetween ithe ihigh ifrequency imain 

iswitch iand ithe iclamping ione. 

iApparently, ithe ileakage icurrent 

isuppression iperformance iin ithese ithree 

ikinds iof itopologies iis idifferent idue ito 

ithe iclamping iability. iThe iH6 itopology 

ihas ithe ibest iperformance iabout ileakage 

icurrent isuppression iin iexisting isingle-

phase ifull-bridge itransformer isee 

itopologies 

 iTransformer iless igrid iconnected 

iinverters ihave ia iconsiderable imeasure iof 

ifocal ipoints, isuch ias, ihigh iefficiency, 

ismall isize, ilight iweight, iminimal icost, 

iand iso ion. iBe ithat ias iit imay, ithere iis 

ia igalvanic iassociation ibetween ipower 

igrid iand isolar ibased icell iarray i[1]. 

iContingent iupon ithe iinverter itopology, 

ithis imay icause ivariance iof ithe ipotential 

ibetween ithe iPV iarray iand ithe iground, 

iand ithese ivariances imay ihave ia isquare 

i0 iwave iat iswitching ifrequency. i 

At ithe ipoint iwhen istimulated iby ia 

ifluctuating ipotential, ithe istray 

icapacitance ito iground ishaped iby ithe 

isurface iof ithe iphotovoltaic i(PV) iexhibit 

imay iprompt ithe ievent iof iground 

icurrents. iA iperson, iassociated iwith ithe 

iground iand itouching ithe iPV iarray, imay 

ilead ithe icapacitive icurrent ito ithe 

iground, ibringing ion ian ielectrical ihazard. 

iWhile ithe idirected iobstruction iand 

iemanated iimpedance iwill ibe ibrought iin 

iby ithe iground icurrent, itheir imaybe 

iincrease iin igrid icurrent iharmonics ilosses 

i[5] iand i[7]. 
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The iUnipolar iSPWM ifull ibridge iinverter 

ihas igotten ibroad iconsiderations, 

iinferable ifrom iits imagnificent 

idifferential imode iattributes, isuch ias, 

ihigher idc ivoltage iuse, ilittler icurrent 

iswell iin ithe ichannel iinductor, ialso, 

ihigher ihandling ieffectiveness i[6]. iWith 

istanding, ithe iswitching ifrequency itime-

differing inormal imode ivoltage i(whose 

isufficiency iis iequivalent ito ia idc iinput 

ivoltage) iis iacquired. iIn ithis imanner, ia 

itransformer i(low irecurrence ior ihigh 

irecurrence) iis iexpected ito iconfine ithe 

iPV iarray ifrom ithe igrid iin igrid 

iconnected iapplications, iand iin ithe 

imeantime, ithe ihigh-frequency inormal 

imode ivoltage iimperils ithe iprotection 

ilayer iof ithe itransformers, iwhich iexpands 

iits iassembling itaken ia itoll. iKeeping iin 

imind ithe iend igoal ito iexpel ithis 

itransformer ifrom ithe iunipolar iSPWM 

ifull-connect iframework iassociated 

iinverter, ia ipart iof iinside iand iout 

iinquires iabout, iwhere inew ifreewheeling 

iways iare ideveloped ito iisolate ithe iPV 

iexhibit ifrom ithe iframework iin ithe 

ifreewheeling itime iperiod, ihave ibeen 

idone. 

2. STRUCTURE AND OPERATION 

PRINCIPLE  

A. iConstruction iof ithe iFB-CCV i 

In iorder ito iguarantee ithat ithe icommon-

mode ivoltage iof ithe iHeric iis ion ia 

iconstant ivalue iin ithe ifreewheeling 

iperiod, ithe iprocedure iof ideriving ithe 

ifreewheeling ibranches iand ipassive 

iclamping ibranches iwill ibe idemonstrated 

iin ithe ifollowing ihow ia iHeric itopology, 

ias ishown iin iFig. i1(c), ican ibe 

itransformed ito ia iFB-CCV itopology, ias 

ishown iin iFig. i2(a). iStep i1) iFirst, ithe 

ibidirectional ifreewheeling ibranches iare 

iextracted ifrom ithe iHeric itopology, ias 

ishown iin iFig. i1(a). iSeparate ithe 

ibidirectional ibranches ito iform itwo 

iunidirectional ibranches ishown iin iFig. 

i2(b). iStep i2) iNext, ithe ipositions iof iS5 

iand iD5 iare iexchanged iin ithe 

iunidirectional ibranch iB, ias ishown iin 

iFig. i1(c). iStep i3) iFinally, ifind ior ibuild 

ia iclamping ivoltage isource iin ithe ifull-

bridge iinverter i(for iexample, ipoint i3 iin 

iFig. i1(d)), ithan iintroduce itwo iclamping 

idiodes iD7 iand iD8 iinto ithe iinverter ito 

iconnect ithe icenter ipoints iof ithe itwo 

iunidirectional ibranches ito ithe iclamping 

ivoltage isource. iThe idirection iof ithe 

iclamping idiodes ican ibe idetermined 

iusing ithe iback ito iback irule iof iD5 iand 

iD6, ias ishown iin iFig. i1(d). 

 

Fig. i1. iDerivation iof ithe ifreewheeling 

ibranches iand ipassive iclamping ibranches. 

i(a) iBidirectional ifreewheeling ibranches. 

i(b) iTwo iunidirectional ibranches. i(c) 

iTwo iunidirectional ibranches. i(d) 

iProposed ifreewheeling ibranches iwith 

ipassive iclamping ibranches. i(e) iBridge 

ileg istructure. 
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Fig. i2. iProposed itransformer iless iPV 

igrid-connected iinverter. i(a) iFB-CCV 

itopology. i(b) iGate idrive isignal iof ithe 

iqSPWM iwith iunity ipower ifactor. i(c) 

iKey ioperation iwaveforms iof ithe iFB-

CCV iwith iqSPWM. 

Remark: iIt ishould ibe imentioned ithat ithe 

ifreewheeling ibranches iand ipassive 

iclamping ibranches ican ibe irearranged ias 

ibridge ileg istructure, ias ishown iin iFig. 

i2(e). iWe ican idefine ithat iS5 iand iS6 

imake iup ithe iactive ifreewheeling ileg, 

iD5 iand iD6 imake iup ithe ipassive 

ifreewheeling ileg, iand iD7 iand iD8 imake 

iup ithe ipassive iclamping ileg. iAccording 

ithe iaforementioned isteps, ithe icapacitors 

iCdc1 iand iCdc2, iin iseries, iare 

iintroduced iinto ithe idc iside iof ithe iHeric 

ito ibuild ithe iclamping ivoltage isource, 

iand ithe ifreewheeling ibranches iand 

ipassive iclamping ibranches ishown iin 

iFig. i2(d) iare iintroduced iinto ithe iHeric 

ialso, ifinally, ithe iFB-CCV itopology iis 

iconstructed, ias ishown iin iFig. i3(a). iThe 

idrive isignals iof iqSPWM iare ishown iin 

iFig. i3(b), iand ithe ikey ioperation 

iwaveforms iof ithe iFB-CCV iwith 

iqSPWM iare ishown iin iFig. i3(c), 

irespectively. iIn ithe ipositive ihalf iperiod 

iof ithe igrid-in icurrent, ithe ioperation 

istyle iof iS1 iand iS4 iis iin iunipolar 

iSPWM imodulation, iS2 iand iS3 iare 

ialways ioff, iand ithe iswitches iS5 iand iS6 

iare icomplementary iwith ithe iswitches iS1 

iand iS4 iwith ia idead itime ito iavoid ithe 

ishort-circuit ipaths ifrom iS1, iS5, iD5, iS4, 

iand iS1, iS5, iD7, irespectively; iin ithe 

inegative ihalf iperiod iof ithe igrid-in 

icurrent, ithe ioperation istyle iof iS2 iand 

iS3 iis iin iunipolar iSPWM imodulation, 

iS1 iand iS4 iare ialways ioff, iand ithe 

iswitches iS5 iand iS6 iare icomplementary 

iwith ithe iswitches iS2 iand iS3 iwith ia 

idead itime ito iavoid ithe ishort-circuit 

ipaths ifrom iS3, iD6, iS6, iS2, iand iD8, 

iS6, iS2, irespectively. iIn ithe iqSPWM 

istyle, ithere iare itwo ifreewheeling imodes 

iin ithe ifreewheeling iperiod. iOne iis 

idead-time imode, isuch ias ithe itime 

iintervals i[t2, it3] iand i[t4, it5] iin iFig. 

i3(c); ianother iis izero-vector imode, ithe 

itime iinterval i[t3, it4], ias ishown iin iFig. 

i3(c) ialso. iEspecially, ithe ipotential iof 

ithe izero-vector ifreewheeling ipath iis 

idefined ias ithe ipotential iof ipoints i1 iand 

i2 ias ishown iin iFig. i3(a), iand ithe izero-

vector ifreewheeling ipath ican ibe ifreely 

iclamped ito ithe imidpoint iof ithe iinput 

ivoltage i(it iis ithe ipoint i3) ithrough ithe 

idiodes iD7 iand iD8 iin ithe izero-vector 

ifreewheeling istage. 
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3. PROPOSED SYSTEM  

A. iObjective: iThe imain iobjective iof 

ithis ipaper iis ito ianalyze ithe itransformer 

iless iPV iinverter isystems ithat iare igrid 

iconnected iworking iunder iboth ivoltage 

iand icurrent isynchronization icontrol. iA 

icomprehensive iPV imodel icell iwill ibe 

iimplemented ithat itakes iinto 

iconsideration ithe idatasheet iparameters 

iprovided iby ithe imanufacturer. i 

B. iBackground: iThere iare itwo imain 

iconcepts ithat ineed ito ibe iintroduced 

ibefore iproceeding iwith ithe iresearch, 

ithese iare isolar iEnergy iand iGrid 

iConnected iPV iSystems. i 

C. iSolar iSystem: iEnergy iis ithe imost 

ifundamental iand ibasic iof iall iassets. iAll 

ithe ienergies iwe iuse ion iearth ioriginate 

ifrom isplitting ior icombination iof inuclear 

icores ior ifrom ivitality iput iaway iin ithe 

iEarth. iThe iissue iwith iboth isplitting iand 

icombination iis ithe iperilous isymptom 

ithat iradioactive icontrol imay ihave. 

iTherefore ia ilarge iportion iof ithe ivitality 

idevoured ion ithe iplanet iis iemphatically 

idependant ion iexceptionally irestricted 

inon-inexhaustible iassets, iespecially 

ipetroleum iproduct. iAs ithe iworld ivitality 

irequest iincrements iand iassets istart ito 

iwind idown ithe iscan ifor ioption ienergy 

isources ihas iturned iinto ia ivital iissue. i 

A igreat ideal iof iresearch ihas ibeen idone 

iin ithe irange iof iboundless ivitality iassets, 

ifor iexample, iwind icontrol iera iand isun 

ipowered ivitality ichange. iOf ithese ithe 

ibest iand iinnocuous ivitality iis isun 

ipowered ivitality. iThe iutilization iof isun 

ipowered ivitality irather ithan ipetroleum 

iproduct iignitions ispecific iin iterritories 

iof istraightforward iapplications ilike ilow 

ito imedium iwater iwarming ior ibattery 

icharging ican idecrease ithe iheap iof 

idestructive idischarges ito ithe icondition. 

iThis ivitality ican ibe ireaped iby 

iutilization iof iphotovoltaic i(PV) iclusters. 

iThe iphotovoltaic iera iframeworks ican 

ieither ibe iworked ias iconfined 

iframeworks ior ibe iassociated iwith ithe 

iframework ias ia ipiece iof ian 

iincorporated iframework, iwith iother 

ielectrical iera; ithey ishape ithe idispersed 

iera iframework. iAs iinexhaustible 

idispersed iera, iPV ihas ia ifew ifocal 

ipoints ion ithe ioff ichance ithat iit iis 

icontrasted iwith iother isustainable ipower 

isource ieras. iPV iera iplant ineeds inot ia 

iparticular igeographic ior igeo-

morphological iprerequisite, ifor iexample, 

ion ithe iwind iwhat's imore, iminiaturized 

iscale ilittle ihydropower iera. iIn iopposite, 

iPV iera iplant ican ibe iinherent iany 

iterritory iwhere ithe isun ilight iis 

iaccessible; ipermits ithe iadaptability ito 

idecide ithe iplace iof ithe iplant ias 

iindicated iby iits iprinciple iallocation. 

iMoreover, ithe imodule-based icreation iof 

iPV2 iplant iparts ithat iempowers ione ito 

ifabricate iand imodify ithe iextent iof iPV 

iplant ifrom ilittle ilimit iand iafterward 

iextend iit ito itake iafter ithe irequest 

idevelopment iis iadditionally ione iof 

ipreferences iof ithis isort iof iera 

iframework. iThese irealities imake ithe iPV 

imodules ian iintriguing idecision ifor ithe 

iadvancement iof ielectrical iappropriated 

iera iframeworks. i 

D. iGrid iConnected iSystems: i 

The iconstantly iexpanding ienergy 

iutilization iover-burdens ithe iconveyance 

imatrices ialso ias ithe ipower istations, 
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ithusly ihaving ia inegative ieffect ion 

ipower iaccessibility, isecurity iand iquality. 

iOne iof ithe ianswers ifor iconquering ithis 

iis ithe iCirculated iGeneration i(DG) 

iframeworks. iDG iframeworks iutilizing 

isustainable ipower isources ilike isunlight 

ibased ior iwind ihave ithe ipreferred 

istandpoint ithat ithe ipower iis idelivered iin 

iclose inearness ito iwhere iit iis iexpended 

ilimiting ithe imisfortune ibecause iof 

itransmission ilines. iIn ithe imost irecent 

idecade isun ibased ivitality iadvances ihave 

iturned iout ito ibe imore iaffordable iand 

imore iproductive, iwhich ihave imade iit 

ian ialluring iarrangement ibeing icleaner 

iand iall ithe imore iecologically 

CONCLUSION 

A iquasi-unipolar iSPWM ifull-bridge 

iinverter itopology iwith itwo iunidirectional 

ifreewheeling ibraches iand ia ipassive 

iclamping ibranch ihas ibeen iproposed iin 

ithis ipaper. iThe iproposed iinverter ihas 

ithe ifollowing icharacteristics: i(i) iThe 

iquasi-unipolar iSPWM idifferential-mode 

ivoltage iis ia icombination iof iunipolar 

iand ibipolar iSPWM, iand iis imore iclose 

ito ithe iunipolar iSPWM. i(ii) iThere iare 

itwo ioperation imodes iin ithe 

ifreewheeling iperiod: ithe idead-time 

ifreewheeling imode iand izero-vector 

ifreewheeling imode, iwhich iguarantee ithat 

ithe ihigh-frequency icommon-mode 

ivoltage iis ion ia iconstant ivalue iin iwhole 

iswitching iperiod. i(iii) iThe ifreewheeling 

ipaths ihave itwo ikinds iof icombinations: 

iMOSFET i+ idiode, ior ifull iMOSFETs, 

imeanwhile, ithe ifull iMOSFETs itype 

ifreewheeling ipath ican ireduce ithe 

iconduction iloss ifurther. iThe iproposed 

iinverter iis ian ioptimized itopology iwith 

ihigh iconversion iefficiency iand ilow 

ileakage icurrent. iThese imerits iare 

iverified iand icompared iby ia iuniversal 

iprototype. iIt ican ibe iconcluded ithat ithe 

iproposed itopology iis iextremely isuitable 

ifor itransformer iless isingle-phase igrid-

connected iinverter iwith ilower iswitching 

ifrequency. 

REFERENCES  

[1].R.Gonzalez, iE.Gubia, iJ.Lopez, iand iL. 

iMarroyo,“ iTransformer iless isingle iphase 

imultilevel-based iphoto ivoltaic iinverter 

i,”IEEE iTrans. iInd. iElectron., ivol. i55, 

ino. i7, ipp. i2694–2702, iJul. i2008. i 

[2]. iH. iF. iXiao, iS. iJ. iXie, iC. iYang, 

iand iR. iH. iHuang, i“An ioptimized 

itransformer iless iphotovoltaic igrid-

connected iinverter,” iIEEE iTrans. iInd. 

iElectron., ivol. i58, ino. i5, ipp. i1887–
1895, iMay i2011. i 

[3]. iB. iYang, iW. iH. iLi, iY. iJ. iGU, iW. 

iF. iCui, iand iX. iN. iHe, i“Improved 

itransformer iless iinverter iwith icommon-

mode ileakage icurrent ielimination ifor ia 

iphotovoltaic igrid-connected ipower 

isystem, iIEEE iTrans i.Power iElectron” 

ivol. i27, ino. i2, ipp. i752–762, iFeb. i2012. 

i 

[4]. iB. iN. iAlajmi, iK. iH. iAhmed, iG. iP. 

iAdam, iand iB. iW. iWilliams, i“Single 

iphase isingle-stage itransformer iless igrid-

connected iPV isystem,” iIEEE iTrans. 

iPower iElectron., ivol. i28, ino. i6, ipp. 

i2664–2676, iJun. i2013. i 

[5]. iV. iA. iSamuel, iZ. iPter, iand iM. 

iRegine, i“Highly iefficient isingle-phase 

itransformer iless iinverters ifor igrid-

connected iphotovoltaic isystems,” iIEEE 



Vol 08 Issue01, Jan 2019                                ISSN 2456 – 5083  Page 353 

 

iTrans. iInd. iElectron., ivol. i57, ino. i9, ipp. 

i3118–3128, iSept. i2010. i 

[6].R. iGonzalez, iJ. iLopez, iP. iSanchis, 

iand iL. iMarroyo, i“Transformer iless 

iinverter ifor isingle-phase iphoto ivoltaic 

isystems,” iIEEE iTrans. iPower iElectron., 

ivol. i22, ino. i2, ipp. i693–697, iMar. i2007. 

i 

[7].O. iLopez, iR. iTeodorescu, iand iJ 

i.Doval-Gandoy,“ iMultilevel itransformer 

iless itopologies ifor isingle-phase igrid-

connected iconverters,”inProc.32nd iAnnu. 

iConf. iIEEE iInd. iElectron. iSoc., iNov. 

i2006, ipp. i5191–5196. i 

[8].R.Gonzalez, iE.Gubia i,J.Lopez, iand 

iL.Marroyo,“Transformer iless isingle 

iphase imultilevel-based iphoto ivoltaic 

iinverter,” iIEEE iTrans. iInd. iElectron., 

ivol. i55, ino. i7, ipp. i2694–2702, iJul. 

i2008. i 

[9].A. iM. iHava iand iE. iUn, 

i“Performance ianalysis iof ireduced 

icommon-mode ivoltage iPWM imethods 

iand icomparison iwith istandard iPWM 

imethods ifor ithree-phase ivoltage-source 

iinverters,” iIEEE iTrans. iPower iElectron., 

ivol. i24, ino. i1, ipp. i241–252, iJan. i2009. 


