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ABSTRACT: iElectric ivehicles i(EVs)  iare iconsidered  ito ibe ithe imeans iof itransportation  iof  ithe ifuture.  iThey  iare imore iefficient iand  

ithey  idon't ihave ias imany  iemissions icompared  ito ifossil ifuel-powered  ivehicles. iHowever,  ielectric ivehicles iare icurrently  icharged 

ifrom  ithe igrid. iIts ifuel istructure  iis imainly ibased ion ifossil ifuels. iTo imake ielectric ivehicles isustainable, icharging  ithem ifrom  ia 

isustainable isource iof ielectricity  iis iessential. iTherefore,  icharging ielectric ivehicles  ifrom  iphotovoltaic  i(PV) ipanels  iis  ia isuggestion  

ifor ithe ifuture.  iAt ithe isame itime,  iphotovoltaic ipower  igeneration  ihas ithe icharacteristics iof idaily iand iseasonal ichanges. iThis  

irequires ia igrid iconnection  ito  iensure ia ireliable ipower  isource  ifor icharging  ielectric ivehicles. iOffice ibuildings,  ifactories iand  iother  

iworkplaces ilike iindustrial iareas iare iideal iplaces ito ifacilitate ithe icharging  iof isolar-powered  ielectric ivehicles iand ican ibe iinstalled  

ion ithe iroofs iof ibuildings iand  iparking  ilots. iWith iphotovoltaic  i(PV) ipanels ithere iare iseveral iadvantages ito icharging  ielectric 

ivehicles. iSince iphotovoltaics igenerate icharging  ipower  ilocally,  ithey  ireduce ithe igrid's idemand  ifor ielectric ivehicle icharging 

ipower. iEV ibatteries ican ibe iused  ias iphotovoltaic ienergy  istorage ito ireduce ithe inegative iimpact iof ilarge-scale iphotovoltaic  igrid 

iconnections iin ithe i distribution  inetwork. iElectric ivehicles iare iparked  ifor ia ilong  itime iin ithe iworkplace,  iand ithe ienergy 

iconsumption  ifor icharging  iis ilow, iallowing  iVehicletoGrid  i(V2G)  itechnology  iin iwhich  ielectric ivehicles iact ias icontrollable  

igenerators. 

I. INTRODUCTION 

 

A. Review 

 

To icharge iEV ifrom  iPV, ithe iseparate iconverter  iof iEV iand iPV iconnected  ito ithe iAC igrid  ican ibe iused. iAlternatively,  ia isingle 

iintegrated  iconverter  iconnected  ito ithe iEV, iPV  iand ithe igrid  ican  ibe iused. iSeveral istudies ihave iproposed  ia ithree- iport ipower 

iconverter  ifor icharging  ielectric ivehicles ifrom  iPV. iDirect iDC icharging  ifor ielectric ivehicles iin ithe iPV iof ithe iinterconnected 

iZVTPWM  ibuck  i converter  iis ientered  ion ithe i210 i V iDC ibus. iA iclosed-circuit icontrol iwas ideveloped  iand i a i2.4kW iprototype  iwas 

ibuilt ito iprovide iEV icharging  ibut inot iV2G. iIn ithe iDC, ithe inanowire  iis iused  ito icharge iphotovoltaic  ielectric ivehicles, ifuel icells iand 

iAC igrids iand i1.5  ikW iDC i\/ iDC ifull-bridge iLLC iresonant iconverters.  iThe ibasic icomponents iof ithe isystem iare iused. iA ithree-port 

i3.3  ikW ibidirectional i380 iV iDClink  iconverter  iintegrates ielectric,  iphotovoltaic iand isingle-phase iAC ipower  igrids. iThe iefficiency 

iof ithe ibuilt-in iconverter  ihas ibeen  iincreased  iby i7 iCompared  iwith iseparate iconverters ifor  iEV  iand iPV, iwhich  iis iup ito i15%. iTwo  

iDC\/DC iconverters ifor icharging  ielectric ivehicles iPV ion ithe i48V ibackup  ibattery  iin ithe i3.3kW isystem ihave ino itwo-way  ipower 

iflow iand iare iconnected  ito ithe igrid ior iisolated  iwith ithe iEV.  iA isolar icharging  isystem ifor isingle-phase iV2G i\/ iV2H iscooters iwas  

ideveloped. iFunctionally,  iit iuses i2x12V ilow-voltage ibatteries, ibuck  iand iboost iconverters ifor iDCDC ipower  iconversion  iand ia 

iHbridge ifor iinverter  ioperation.  iIn iprevious istudies, ithese idesigns iwere inot isuitable ifor  ihigh ipower  i(> i5 ikW) ithree-phase 

iapplications. iConsider  ielectric ivehicle icharging  istandards iin iterms iof icharging  icurrent iripple,  iEMI, i and i\/ iinsulation. iSimilarly, 

iafter ireviewing  ivarious iEVPV itopologies, ithe iconclusion  idrawn  iis ithat imost idesigns iignore  ithe iEV iisolation  irequirements.  

iHigh-frequency  iAClink ibased  ion imulti-winding  itransformers iis iused  ito iintegrate iEV, ibattery  iStorage iand irenewable  ienergy. 

iAlthough  ithe itopology  iprovides ithe ibenefit iof iisolation  ibetween  iall iports iand iis isuitable ifor  ihigh  ipower, iit iis inot isuitable ifor  iEVPV  

iapplications ifor itwo ireasons.  iEuropean  iregulations ihave istipulated  ithat iphotovoltaic ienergy  iand ithe igrid  ineed ito ibe iisolated. 

iSecondly, iPV iand iEV iare iessentially  iCC, iso ia  ilink  iwill  icause iunnecessary  iconversion  isteps. iA i10 ikW inon-isolated  ibidirectional 

iconverter  iwas iproposed  ifor icharging  iEV ifrom  iPV. iUse iof i575 iV iDC ibus, iintegration  iand  iclosed-loop icontrol iof iEV,  iPV, iand 

inetwork  iare idesigned  ito ireduce  iPV iintermittently.  iSymmetrically,  ian iisolated  i5kW iZsource  iconverter  iis iused  ito icharge ielectric 

ivehicles ifrom  iPV. iPerformance icomparison  iof itransformerless iand iisolated  i high-frequency  itransformer  i topologies i show i the 

i overall i advantages i of i the i Zsource  i converter. i Similarly, i the 
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prototype  iof ia i3.3kW isolar-powered  ielectric icar icharger  ibased ion ian iimproved  iinsulation  iZ iSource iinverter  iis iproposed. 

iHowever, ithe iZsource  itopology  icannot ibe imodularly  iexpanded  ito iobtain  ihigher  ipower; ipassive icomponents imake ithe 

iimpedance inetwork  iand iphotovoltaic  iport igenerate ihigh  iripple iand ireduce iefficient imaximum  ipower  ipoint itracking  i(MPPT). 

 

B. Contributions 

 

This ijournal iintroduces ithe idevelopment iof iintegrated, imodular,  iand iV2G-supported ihigh  ipower  idensity ipower  iconverters ifor 

ielectric ivehicles ithat iare icharged  ifrom iphotovoltaic ipanels iand ithe iAC i grid. iFigure i1 ishows ithe ithree- iport iblock idiagram  iof ia 

isolar-powered  ielectric ivehicle icharging  iconverter iwith ia icentral iDC ilink. iThere iare ithree isub- iconverters iinside: ione 

iunidirectional  iDC\/DC iconverter  ifor iphotovoltaics, ibidirectional  iDC\/AC iinverters iconnected  ito ithe iAC igrid, iand  iisolated  

ibidirectional iinverters iDC\/DC  iconverter  ifor ielectric ivehicles. iDC icharging  ifor ielectric ivehicles iis iimplemented  ihere,  iunlike 

iChademo  iand ithe iCombined iCharging iStandard  i(CCS) ipromotes ismart icharging,  ifast icharging  iand iV2G. iSmart icharging 

iallows ielectric ivehicle icharging ito ifollow iphotovoltaic ipower  igeneration, i energy  iprices iand iregulatory  iprices. iThe ideveloped 

ithree-port iarchitecture ihas ithree  iadvantages. iFirst, isince iEV iand iPV iare iessentially iCC, ithe iinternal iDClink iis iused  ito iexchange 

ipower  ibetween  ithe ithree isub-drives. iSecond, ithe igrid- iconnected  iinverter  iis iessentially  itwo-way, ibecause iit ineeds ito ifeed  

iphotovoltaic ienergy  iinto ithe igrid  iand iextract ithe icharging  ienergy  iof ielectric ivehicles ifrom  ithe igrid. iSo, ithe iisolated  iDC\/DC  

iconverter  iused  iin ithe iEV iis  ialso  ibidirectional,  ienabling  iV2G ioperation. iThird,  ia isingle iDC i\/ iAC  iinverter  iis isufficient ito  iconnect 

iPV iand iEV ito ithe igrid. iThis imakes ithe iconverter  icheaper iand  ismaller. iGenerally, iif ithe ibuilt-in iconverter  iis inot iused, itwo iinverters 

iare i required,  ione ifor iPV iand  ione ifor iEV. 

 

 

 

The ikey  iaspects iof ithe iconverter  idesign  iare ito iachieve ihigh iefficiency, ihigh  ipower  idensity, imodularity iand ilow ipower 

iconsumption  icost. iCompared  iwith iprevious iworks, ithe icontribution  iof ithis iwork  iis, 

 

● Develop  ihigh-power,  ibi-directional,  iisolated, ithree-port ipower  iconverters ifor idirect iDC icharging  iof ielectric ivehicles,  

i photovoltaic iand iAC inetworks. iIt ican ibe iseen ifrom  ithe iliterature ireview ithat isuch  ia iconverter  idoes inot icurrently  iexist. 

 

● The icombined  iuse iof  iSiC idevices, ihigh  iswitching  ifrequency, iinterleaving  iand iKoolM iinductors ileads ito ithe ideveloped 

iconverter  ihaving  ihigher  ipartial iand ipeak  iload iefficiency  iand ithree itimes ithe ipower  idensity i compared ito  iexisting  

isolutions. 
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● Design ia iclosed-loop  icontrol iand iuse iconverters ito  iachieve ifour idifferent ienergy  iflows iPV iEV, iPV iGrid, iGrid  iEV iand 

iEV iGrid i(that iis, iV2G). 

 

● The ideveloped  iconverter  iis iconstructed  iin ia imodular  imanner  iand ican ibe iused  ias ia iDC iV2G iEV icharger  ior ias ia iDC iV2G  

ielectric icar icharger.  iIn iaddition, imultiple iDC iV2G iEV icharger  imodules ican irun iin iparallel ito iexpand  ithe ipower irange 

ifrom  i10 ikW ito i100 ikW iand iis iused  ifor ifast icharging  iof ielectric ivehicles. iThis iwill inot ihappen  iwith ithe inext igeneration  iof 

isolar-powered  ielectric icar ichargers. 

● The iconverter  iis idesigned  ito ibe icompatible iwith iIEC,  iChademo iand iCCS\/Combo  iDC icharging  istandards. iRegarding  

iripple, iharmonics, ivoltage  irange iand iinsulation  irequirements,  iit ihas ibeen  itested  ifor iload\/V2G ioperation  iusing  iNissan  

iLeaf iEV. iSolar ichargers icurrently  ideveloped  ifor ielectric ivehicles ido inot imeet ithe istandards ifor ithese icommercial  iuses. 

 

C. Paper iOrganisation 

 

Section i3 i describes ithe iEVPV ipower  iconverter  ispecifications iand iEV icharging  irequirements istandard. iSections i4, i5 i and i6 

iprovide idetailed  idesign  iprocedures iand iloss imodels iof iisolated  iDC i\/ iDC iconverters ifor  iphotovoltaic, i bidirectional iDC i\/ iAC 

iinverter  iconnected  ito ithe igrid  iand iDC i\/ iDC iconverter  ifor icharging  ielectric ivehicles. iIn isection  i7 iclosed-loop  icontrol iof ieach  iof ithe 

ithree isub-converters iis iintroduced.  iSection i8 idescribes ithe iexperimental iprototype i that ideveloped  iand imeasured  ithe iwaveform 

iand iefficiency  iof ithe ithree-port iconverter. 

 

DC/AC iGrid  iInverter: 

 

The iDC\/AC istage iuses  ia istandard  ithree-phase iinverter  iwith ithree ibranches iand isix iswitches,  iand ithe ioperating  ivoltage iis i750V 

iDC ilink. iThis iconverter  iuses isinusoidal iPWM iwith iFSW i= i47kHz.  iThe iinverter  iis idesigned  ifor iboth ipurposes ias iIt idraws  iand 

ifeeds iup ito i16A iof icurrent ito ithe inetwork. iAs ithe iconverter  iadopts ia ihard  iswitching  ioperation,  iSiC iC2M0025120D  iuses 

iMOSFETs iwith ilower  iRds(on)  iand itheir ibody idiodes. i The igate iresistance iis i15.1Ω ifor iturn-on iand 

5.1Ω ifor iturn  ioff. iAt ithe iinverter iinput, isix i470μF ielectrolytic icapacitors, iconnected itwo  iin iseries iform  ithe iDC-link. iThree  iLCL 

ifilter, ione iper iphase iare iused  iat ithe iinverter  ioutput ifor ifiltering  iout ithe iharmonics ias ishown  iin iFig. i3[41],  i[42]. iIt’s icomposed  iof 

i𝐿𝑎𝑏𝑐= i236μH i(E65  i40μ iKoolMμ, iN=32, iRL=11mΩ); i𝐿𝑓𝑎𝑏𝑐=140μH i(E42  iN87, iN=36,  iRL=21mΩ) iand ia icapacitor  i𝐶𝑓1=8μF. 

iDetailed icontrol iusing  isinusoidal  iPWM iand iloss imodelling  iof ithe ithree iphase iinverter  iare iwellstudied  iin iliterature iand ihence  inot 

ipresented  iagain  iin ithis ipaper.  iThe iestimated  iconverter  iefficiency iincluding  ithe ilosses iin ithe iswitches, ifilters iand icontrol icircuitry 

i(based  ion isection iIII.D)is ishown  iin iFig. i6(c)with ia ipeak  ivalue iof i98.05%. 
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II. ISOLATED iBIDIRECTIONAL iDC/DC iCONVERTER iFOR iEV 

 

EV's iisolated  ibidirectional  iDC  i\/ iDC  iconverter  i consists iof ifour  iinterleaved  iflyback  iconverters i(Figure i3). iMOSFETs iand 

iantiparallel idiodes iare iused  ion  iboth isides iof ithe itransformer  ifor ibi-directional ioperation. iEvery  i2.5 ikW iflyback  imodule ihas ithree 

iwinding  itransformers i(turns iratio  i is  i1: i1: i1) iand ithere iare  itwo  i windings iin iseries ion ithe iDC  ilink. iFigure i3 i shows ithe ithird  iwinding 

ion ithe isecondary  i(primary)  iside iand ithe iEV ibattery  i(secondary)  iside. iFor i Iev=30A,  ithe icorresponding  ioutput isecondary  icurrent 

iin ieach i2.5kW iunit  iis  iIev(m)=7.5A.  iThis idifference  iin ithe  iprimary  iand isecondary  ivoltages igenerate ihigh  isecondary  icurrents i(up  

ito i30 iA). iTherefore,  ithe itwo  iMOSFETs iare iParallel ion ithe isecondary  iside ito ireduce iconduction  ilosses. iFlyback  iuses  idiodes 

iC4D15120A iand iC2M0080120D  iMOSFET  iwith i20Ω ion  iand ioff igate iresistors.  iThere  iare  itwo imain  ireasons  ifor ichoosing  ia  

iflyback  ifor iEV iconverters.  iFirst, ithe itopology  iprovides iisolation  ias ielectric ivehicle icharging  istandard  irequirements.  iSecond, ithe 

iflyback  iimplemented  ihere ican  ibe  ioperated  iin iboth idirections.  iThere iare ionly ifour  iswitches i(two  ion ithe iDClink iside iand  itwo iin 

iparallel ion ithe iEV iside). iFor iother  itopologies, isuch  ias ia idual ifor  iactive ibridge ior iresonant iconverter,  iwe ineed  i8 iswitches i(or  imore iin  

iparallel ito iget ihigher  icurrent). 

A. i Operation iOf iInterleaved iBidirectional iFlyback  iIn iQuasi-resonance 

 

The iflyback  iconverter  ioperates iin iquasi-resonant i(QR) imode ifor iload  iand iV2G ioperation,  iwhich  ihas ithe ifollowing  ifeatures: 

 

● It i can i achieve i MOSFET  i valley  i switching, i thereby  i reducing  i conduction  i loss i at i zero  i voltage i (ZVS) i or i low 

ivoltage iswitching  i(LVS). 

 

● Resonant i capacitors i(C21, iC22, iC23) iabsorb  iand  i quench  ienergy, i so i the iloss i due ito i disconnection  iis ialmost izero. 

 

● Noise i(DV i\/ iDT) iduring  ithe ishutdown iis ireduced  iby ia iresonance  icondenser. 

 

● The iquasi-resonant ioperation iis ion ithe iborder ibetween  iDCM iand iCCM iand ihas ia ilower  ieffective ivalue. 
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The iwaveform  iof ithe iquasi-resonant ioperation  iof ian iIBFC iwith itwo  iprimary  iand ione isecondary  iwinding  i(from  itop ito ibottom)  iis 

iS21  iswitch idoor isignal; icurrent ithrough  iinductors iL1A, iL2A iand iswitches iS21  iand iS22; icurrent ithrough  iinductor  iL3A iand 

iswitch iS23, ithe idrain-source  ivoltage iVs21  ithrough  iswitch iS21; ithe inet ioutput icurrent iof ithe ifour  iinterleaved  iIBFCs. 

 

When  ithe isecondary  idiodes iare iconducting,  ithe ivoltage iacross ithe iswitch iis ithe isum iof ithe iinput ivoltage,𝑑𝑐/2and  ithe ireflected  

isecondary  ivoltage,  i𝑉𝑅𝑂. iBased  ion iTable iI, i𝑉𝑅𝑂=𝑉𝑒𝑣and  iranges ifrom  i50-500V. iThe  imaximum  iMOSFET  idrain-source i  

i voltage i  i 𝑉𝑑𝑠(𝑚𝑎𝑥)is:𝑉𝑑𝑠(𝑚𝑎𝑥)=𝑉𝑑𝑐/2+𝑉𝑅𝑂(𝑚𝑎𝑥)+𝑉𝑡𝑟𝑎𝑛𝑠=375+500+𝑉𝑡𝑟𝑎𝑛𝑠≤1200𝑉(22)where 

𝑉𝑡𝑟𝑎𝑛𝑠is ithe iturn-off ivoltage  itransient idue ito ithe ileakage iinductance  iof ithe itransformer  i(Fig.  i7). iSplit iwindings iare ihence  iused ion 

ithe iprimary  iside ito iensurethat𝑉𝑑(𝑚𝑎𝑥)<1200V(D+D1)T<t<T:As  isoon  ias ithe idiode  icurrent ireaches i zero, ithe iresonant 

icapacitors iC21, iC22begin  ito  iexchange ienergywith  ithe iprimaryinductors.  iThis icausesanLC  ioscillationon  ithe iMOSFET  idrain-

source ivoltage iwith ia iperiod  iof i(2𝑇𝐹), ias ishown  iin iFig. i7. iThe iMOSFET iis ihenceturned  iON iat ithe ibottom  iof ithe ivalley  iwhen ithe 

ivoltage iis  iat iits  ilowestto  ireduce  ithe iturn-on 

ilosses:𝑉𝑑𝑠(𝑚𝑖𝑛)=𝑉𝑣𝑎𝑙𝑙𝑒𝑦=𝑉𝑑𝑐/2−𝑉𝑒𝑣(23)𝑇𝐹=𝜋√𝐿1𝐴𝐶𝑑𝑠(𝑛𝑒𝑡)(24)𝐶𝑑𝑠(𝑛𝑒𝑡)=𝐶21+𝐶𝑑𝑠,𝑆+𝐶𝐷𝐷+𝐶𝑥𝑚𝑒𝑟(25)where 

𝐶𝑑(𝑛𝑒𝑡)is ithe inet idrain-source  icapacitance idue ito ithe iQR  icapacitor  iC21, iC22and  idue ito ithe iparasitic icapacitance iofthe iMOSFET  

i𝐶𝑑𝑠,𝑆, ischottky  idiode𝐶𝐷𝐷andthe  itransformer  iwindings𝐶𝑥𝑚𝑒𝑟.Depending  ion ithe idifference  i(𝑉𝑑𝑐/2−𝑉𝑒𝑣), ivalley  iswitching 

iresults iineither  iZVS ior iLVS  iat iturn-on. iTherefore,  ithe inet iswitching  ilosses iare idramatically  ireduced  iand ican ibe izero  ifor iLVS  

iandZVS, irespectively.  iThis iis ithe iprimary ibenefit iof ithe iQR ioperation. iThe isizing iof ithe iresonant icapacitor  imust ibe isuch ithat iit iis 

ilarge ienough ito istore ithe imaximum  iturn-off ienergy  iof ithe iMOSFET iconsidering  iall ithe ioperating  ipoints. iFrom ithe iabove 

iequations, ithe iduty  icycle iD,andfrequency i𝑓𝑠𝑤for ithis iflyback  ican ibe icalculated 

ias:𝐷=2(𝑉𝑑𝑐/2)√𝑃𝑒𝑣𝐿1𝐴𝑓𝑠𝑤2(26)𝑓𝑠𝑤=1𝑇𝐹(1−𝐷−(𝑉𝑑𝑐/2)𝑉𝑏𝑎𝑡𝑡𝐷)(27)Hence,to  iincrease itheEV icharging  ipower, ia ilarger 

iduty icycle, ia ihigher  iinductor  ipeak  icurrent,and  ilower  iswitching  ifrequency iare irequired,  ias ishown  iin iFig. 

8(a). iThe ioperating  iof ithe iflyback  iin iV2G imode iis isimilar ito  ithe icharge imode idescribed  iabove.  i The idifference  ibeing  ithat iin ithe 

iV2G imode, ithe itwo iswitches iS23are iturned  iONfirst iand  ithe idiodes iD21and  iD22conduct  iduring  ithe iOFF iperiod  iof ithe 

iswitch.Since ithere iare ifour  imodules ioperating  iinterleaved,  ithe igate isignals iare iphase ishifted  iby i90º. iThe inet ioutput icurrent,  iIevis 

ithe isum iof ithe ioutput icurrent iIev(m)of  ieach iof ithe ifour iinterleavedmodules,as ishown  iin iFig.  i7. iTable i IIIshows i the i operating 

i regions i of i the i MOSFET i for i ZVS i and i LVS i for i the i charge i (CH) i and i V2G i modes. 

𝑉𝑒𝑣ranges ifrom  i50-500V iand  iis iless ithan  i(𝑉𝑑𝑐/2)=375V ifor  ithe imajority  iof ithe ioperating  irange.  iHence, ithe iconverter  ioperates iin 

iZVS ifor ia ilarge ipart iof iV2G imode iand iin iLVS ifor ia ilargepart iof icharge imode. 

 

III. CONCLUSION 

 

This iarticle idescribes ithe idevelopment  iof ia i10 ikW ithree-port ibidirectional  iconverter  ifor idirect iDC icharging  iof ielectric ivehicles.  

iThe ideveloped  iconverter  iis icompatible  iwith iCCS iand iChademo  iEV icharging  istandards iand  ican ibe icompatible iwith iphotovoltaic 

iarrays iwith ia iwide ivoltage iand  ipower  irange.  iInterleaving  iof iconverters, isilicon icarbide  i(SiC) idevices iand ipowder  ialloy  icore 

iinductors iare iwidely  iused  ito iincrease ithe iswitching  ifrequency  iand ikeep  ithe iconverter  iloss iat ia ilimit. iThis ihelps ito itriple ithe ipower  

idensity icompared  ito itraditional  idesigns iand ireduces ithe  ivoltage iripple ion ithe iEV  iand iPV iports.  iThe iconverter  iadopts ia imodular  

idesign, iand ithree isub-converters iare iconnected  iin ithe icentral i750 iV iDClink: istaggered  iboost iconverters ifor iphotovoltaics,  ithree-

phase iinverters ifor iAC igrids,  iand iinterleaved  iflyback  iconverters ifor ielectric ivehicles. iEven  ithough  itraditionally  ithought ithat ithe  

iflyback  iis ionly isuitable ifor ilow ipower, ithis iarticle ishows ihow ito iuse iSiC idevices iin iQR. iThe  iflyback  imode iconverter  ican  iachieve 

ihigh  iefficiency  ieven  iat ihigh  ipower. iI itested  ithree isub-converters ithat isupport ifour itrends: iPVEV, iEVgrid,  igrid  iand iPV igrid.  iA i10 

ikW iprototype iwas ibuilt iand itested, i and iits imaximum  iefficiency  iwas i95.2% i for iPVE, i95.4% i for iGridEV,  iand i95.4% i for iGridEV. 

iPV igrid  iis i96.4%. iThe ideveloped  iprototype  ihas ihigher  ipeak  iefficiency, ihigher  ipartial iload  iefficiency  iand ithe ipower  idensity  iis 

ithree itimes ithat iof iexisting  isolutions ibased ion iAC ipower  iexchange. 
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