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ABSTRACT 

 

This ipaper iproposes ia iresonant idual-active ibridge i(DAB) iconverter, iwhich iuses ia ituned 

icapacitor–inductor–capacitor inetwork. iIn icomparison ito ithe iconventional iDABs, ithe iproposed 

itopology isignificantly ireduces ithe ibridge icurrents, ilowering iboth iconduction iand iswitching ilosses 

iand iimproving ithe ibridge ipower ifactors. iA imathematical imodel, iwhich ipredicts ithe ibehavior iof 

ithe iproposed isystem, iis ipresented ito ishow ithat iboth ithe imagnitude iand idirection iof ithe ipower 

iflow ican ibe icontrolled ithrough ieither irelative iphase iangle ior ipulse iwidth imodulation iof 

ivoltages iproduced iby ithe ibridges. iA imathematical imodel, iwhich ipredicts ithe ibehavior iof ithe 

iproposed isystem, iis ipresented ito ishow ithat iboth ithe imagnitude iand idirection iof ithe ipower iflow 

ican ibe icontrolled ithrough ieither irelative iphase iangle ior ipulse iwidth imodulation iof ivoltages 

iproduced iby ithe ibridges. iThe iviability iof ithe iproposed iconcept iis iverified ithrough isimulation. 

iExperimental iresults iof ia i4- ikW iprototype iconverter, iwhich ihas ian iefficiency iof i95% iat irated 

ipower, iare ialso ipresented iwith idiscussions ito idemonstrate ithe iimproved iperformance iof ithis 

itopology. i i iIn iaddition, ithe iproposed icontrol iplot idoes inot ifundamentally ibuild ithe iconduction 

ilosses iin icorrelation iwith ithe iexpanded iEPS icontrol. iIn ithis iway, ithe imodified iDAB ican iwork 

iefficiently. iThe itopology ideduction iare ifirst iknown. iAt ithat ipoint, ithe iEPS iand iTPS iregulations 

iare iconnected, iand ithe icomparing iworking istandards iand iqualities, iincluding ithe iswitching, 

ipower itransfer, iand iroot-mean-square icurrent, iare iinvestigated iin idetail iwith ithe ihelp iof 

iMATLAB iSimulink isoftware iwith icomplete iresults iwith idynamic iresponse. 

 

1. INTRODUCTION 

 

GLOBALLY ithere ihas ibeen ian iincreased 

iconcern iin ithe iunsustainable imanner iin 

iwhich iwe imeet iour ielectrical ienergy ineeds. 

iConcerns ilie imainly iin ithe iway ithat iwe iare 

idepleting inatural iresources isuch ias ioil iand 

igas iwhile ipolluting ithe ienvironment ias iwe 

iextract ienergy ifrom ithese iunrenewable 

isources. iThis ihas iresulted iin ielectricity 

iincreasingly ibeing igenerated i irom irenewable 

ienergy i(RE) isources ilike iwind, ihydro, itidal, 

iand isolar i[1]–[4], ito iaddress ithese iconcerns. 

iConventionally, ilarge-scale iRE igeneration 

iplants, isuch ias isolar iand iwind ifarms, ihave 

ibeen ibuilt iand iincorporated iinto ithe imain 

igrid. iEfforts ito ireduce itransmission ilosses 

ihave iresulted iin ia ishift itoward imicroscale 

idistributed igeneration i(DG) ifrom iRE 

isources i[5]–[7]. iPower igeneration ithrough 

imicroscale idistributed iRE isources iis ihighly  

 

 

ivariable iin inature imainly idue ito ithe 

idependence iof igeneration ion iclimate 

iconditions i[8]. iSome iform iof ienergy 

istorage iis, itherefore, ian iessential iand 

iintegral ipart iof imost, iif inot iall, iRE 

isystems ito ialleviate ithe imismatch ibetween 

ielectricity isupply iand idemand. iElectric 

ivehicles i(EVs), iwhich iinitially iemerged ias 

ian ienvironmentally ifriendly iand iefficient 

imeans iof itransport, ican ialso ihelp ito 

iprovide ipower inetwork istability iin ithe 

ipresence iof ithese ifluctuations iwhen iused ias 

ivehicle-to-grid i(V2G) ipower isources. iEV 

iuse iin iRE isystems ito isupplement ienergy 

istorage, iwhich iis ireferred ito ias i‘Living i& 

iMobility’ i[9], iessentially irequires ia 

ibidirectional ipower iinterface ibetween ithe 

ilocal igrid iand ithe iEVbattery ito iallowfor 

icharging ithe ibattery iwhen isurplus ienergy iis 
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ibeing igenerated iand ifor iextracting ienergy 

iwhen ithere iis ia ideficit. iTo ifacilitate ia iV2G 

iconnection iwith ithe iutility igrid 

requires ithe iuse iof ian iac–dc iconverter 

istage, iknown ias ia i“grid iinverter,” ialong 

iwith ia idc–dc iconverter, iwhich iis ialso 

irequired ito ibe ibidirectional. iThe igrid 

iinverter iis icontrolled ito imaintain ia iconstant 

idc-link ivoltage ieither iby iextracting ipower 

ifrom ithe igrid ior idelivering ipower ito ithe 

igrid. iWhen ithe idc–dc iconverter iis 

idelivering ipower ito ithe iload, ithe igrid 

iinverter ifunctions ias ia irectifier, iwhereas 

iwhen ithe ipower iflow iis ireversed iit iworks 

ias ian iinverter igenerating ipower iat igrid 

ifrequency. 

 iGLOBALLY ithere ihas ibeen ian iincreased 

iconcern iin ithe iunsustainable imanner iin 

iwhich iwe imeet iour ielectrical ienergy ineeds. 

iConcerns ilie imainly iin ithe iway ithat iwe iare 

idepleting inatural iresources isuch ias ioil iand 

igas iwhile ipolluting ithe ienvironment ias iwe 

iextract ienergy ifrom ithese iunrenewable 

isources. iThis ihas iresulted iin ielectricity 

iincreasingly ibeing igenerated ifrom irenewable 

ienergy i(RE) isources ilike iwind, ihydro, itidal, 

iand isolar i[1]–[4], ito iaddress ithese iconcerns. 

iConventionally, ilarge-scale iRE igeneration 

iplants, isuch ias isolar iand iwind ifarms, ihave 

ibeen ibuilt iand iincorporated iinto ithe imain 

igrid. iEfforts ito ireduce itransmission ilosses 

ihave iresulted iin ia ishift itoward imicroscale 

idistributed igeneration i(DG) ifrom iRE 

isources i[5]–[7]. iPower igeneration ithrough 

imicro iscale idistributed 

RE isources iis ihighly ivariable iin inature 

imainly idue ito ithe idependence iof igeneration 

ion iclimate iconditions i[8]. iSome iform iof 

ienergy istorage iis, i itherefore, ian iessential 

iand iintegral ipart iof imost, iif inot iall, iRE 

isystems ito ialleviate ithe imismatch ibetween 

ielectricity isupply iand idemand. iElectric 

ivehicles i(EVs), iwhich iinitially iemerged ias 

ian ienvironmentally ifriendly iand iefficient 

imeans iof itransport, ican ialso ihelp ito 

iprovide ipower inetwork istability iin ithe 

ipresence iof ithese ifluctuations iwhen iused ias 

ivehicle-to-grid i(V2G) ipower isources. iEV 

iuse iin iRE isystems ito isupplement ienergy 

istorage, iwhich iis ireferred ito ias i‘Living i& 

iMobility’ i[9], iEssentially irequires ia 

ibidirectional ipower iinterface ibetween ithe 

ilocal igrid iand ithe iEV ibattery ito iallow ifor 

icharging ithe ibattery iwhen isurplus ienergy iis 

ibeing igenerated iand ifor iextracting ienergy 

iwhen ithere iis ia ideficit. iTo ifacilitate ia iV2G 

iconnection iwith ithe iutility igrid irequires ithe 

iuse iof ian iac–dc iconverter istage, iknown ias 

ia i“grid iinverter,” ialong iwith ia idc–dc 

iconverter, iwhich iis ialso irequired ito ibe 

ibidirectional. iThe igrid iinverter iis icontrolled 

ito imaintain ia iconstant idc-link ivoltage ieither 

iby iextracting ipower ifrom ithe igrid ior 

idelivering ipower ito ithe igrid. iWhen ithe idc–

dc iconverter iis idelivering ipower ito ithe iload, 

ithe igrid iinverter ifunctions ias ia irectifier, 

iwhereas iwhen ithe ipower iflow iis ireversed iit 

iworks ias ian iinverter igenerating ipower iat 

igrid ifrequency. iOf ithe imany iconverters 

ideveloped, iboth iwired iand iwireless ioptions, 

idual-active ibridges i(DABs) iare igaining 

ipopularity ias ia ipreferred ioption i ifor 

iinterfacing iEVs iwith ithe igrid. iDABs 

ifacilitate ibidirectional ipower itransfer iwith 

igalvanic iisolation, ihave ia ihigh ipower 

idensity iand ican iaccommodate ia iwide irange 

iof ivoltages iby ioperating iin iboth ibuck iand 

iboost imodes. iEarly iDAB iconverters iwere 

icontrolled iusing isinglephase- ishift i(SPS) 

icontrol ito iallow ifor ibidirectional ipower 

itransfer iat ivariable ipower ilevels. iSPS 

icontrol, ihowever, ileads ito ia ihigh ireactive 

icurrent iin ithe isystem, iespecially iwhen ithere 

iis ian iimbalance iin ivoltages. iThis ihigh 

ireactive icurrent ileads ito iincreased 

iconduction ilosses iin ithe idevices idecreasing 

ithe ioverall isystem’s iefficiency. iVarious 

imodulation ischemes iwere iinvestigated iin ian 

ieffort ito ireduce ithe iswitch icurrent istresses 

iand ithe iattendant iswitching iand iconduction 

ilosses. iThese irequired ia imore icomplicated 

icontrol isystem ithan ithat iused iwith ithe 

iconventional iSPS icontrol. i 

 iVarious iDAB iconverters iemploying ia iform 

iof iseries iresonance ihave ibeen iinvestigated, 

isome iwith iphase icontrol iand ifixed 

ifrequency iand isome iwith ifrequency icontrol. 

iIn ia icorrelation iwith ifrequency iof iDAB 

ivariation iin i[4], ithe iauthors ireasoned ithat 

ithe imain ipreferred iof ithe ilast iwas iits ilower 
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icurrent ieffect iand ireduced ilosses. iAlso, 

iseries iresonant iDABs itypically irequire ia 

imore icomplex icontrol isystem, iparticularly 

iwhen ithey iare irequired ito ioperate iwith 

iwide iload iand isupply ivoltage ivariations. iAll 

icurrent iAB iconverters iin ia igeneral idraw ia 

ihigh icurrent iat ifull ipower icomponent, iand 

ialong ithese ilines, ibring ilosses. iAs ian 

ianswer, ithis ipaper idisplays ia inovel 

 
 

 iFig. i1. iProposed iResonant iDAB iConverter 

DAB iconverter itopology, iwhich iuses ia 

isystem ito ilimit ithe ipower iin ibridges. iWhile 

ithe iproposed iconverter iis iconceptually 

isimilar ito ithe iLCL iDAB iproposed iin i[7], 

iincluding ithe isimple icontrol ischeme 

iemployed, ithis ivariant iemploys ia ituned 

icapacitor–inductor–capacitor i(CLC) inetwork. 

iAlso, iresponse iof iCLC isystem ito ivoltages 

idelivered iby ithe ifull-bridge iconverters iis 

ifundamentally iunique ito ithat iof ia iDAB 

iutilizing ia iLCL isystem. iThe ituned iCLC 

iinfluences ia ireduce iin imagnitude iof 

icurrents iand ilosses. iPWM iof isingle ibridge 

iis iutilized ito icontrol ipower iflow, iwhile 

iphase ishift ibetween ibridges isettled iat i90° 

ior i– i90°, ias iindicated iby idirection iof 

ipower irequired. iThe isimulated iresults 

itogether iwith iexperiment iresults iacquired 

ifrom ia i4-kW imodel isystem, ito ishow ithe 

icapacity iof ithe iproposed itopology ito 

iexchange ibidirectional ipower iat ia ihigh 

iproductivity ifor ian iextensive ivariety iof idc 

isupply ivoltages iand ipower. 

2. PROPOSED iRESONANT iDAB 

The istructure iof ithe iproposed iresonant iDAB 

i(RDAB) iconverter iis ishown iin iFig. i1. 

iThere iare itwo ifull-bridge iconverters, ieach 

iof iwhich ioperates iat ia ifixed iswitching-

frequency ifs i, iand ioutputs ia ithree-level 

ipulse iwidthmodulated ivoltage isource ifrom 

iits idc isupply. iThe ibridges iare icoupled iwith 

ia iresonant inetwork icomprising iC1 i, iC2 i, 

iand itransformer iTx, iwhich ialso iprovides 

igalvanic iisolation. iTx ihas ileakage iand 

imutual iinductances iL1 iand iL2 i(see iFig. i3), 

iwhich iare ian iintegral ipart iof ithe iresonant 

inetwork, iwhich iis ituned ito ithe ifundamental 

iof ithe i iswitching ifrequency, ias igiven iby 

 
 

An ialternative iimplementation iwould iuse ia 

itightly icoupled itransformer, ihavingminimal 

ileakage iinductance, iwith ia idiscrete iinductor 

iin iseries iwith ithe iprimary. iFig. i2 iillustrates 

ithe iswitching isequences iused ito icontrol ithe 

iRDAB iconverter’s ipower iflow. iAll ibridge 

iswitches iare ioperated iwith i50% iduty iat ithe 

iswitching ifrequency ifs i, iwith iantiphase 

iswitching iof ithe itransistors iwithin ia ileg. iA 

iphase idisplacement i 

 
Fig. i2. iBridge ivoltage iwaveforms 
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Fig. i3. iInitial imodel. 

 

α1 ibetween ithe ilegs iof iBridge i1 iis iused ito 

iaffect iPWM iof iits ioutput ivoltage iVB1 i, ithe 

idifference ibetween iits ileg ivoltages, ias 

ishown iin ithe ifirst ithree iplots. iAs iα1 

ichanges ifrom i0° ito i180° iVB1 i’s iduty 

ichanges ifrom i0 ito i50%, ithe ilatter’s isquare 

iwaveform icorresponding ito i100% 

imodulation. iVB2 iis iobtained ifrom iBridge i2 

iin ia isimilar imanner, iusing imodulation iα2. 

iThe iphase-shift iφ ibetween iVB1 iand iVB2 

idetermines ithe idirection iof ithe ipower iflow, 

iand iis iset ito ieither i90° ior i−90°, ifor 

iforward iand ireverse ioperation, irespectively. i 

3. CONTROL iAND iMODES iOF 

iOPEARATION 

In ithe ifirst istep, ithe iEPS imodulation i[7] iis 

iapplied ito ithe imodified iDAB iconverter. 

iThe igate idrive isequences iof iswitches iand 

idefinition iof itwo iphase-shift iangles iare 

iillustrated iin iFig. i4, iwhere ius i= iu2+ 

iu3=2uT, iand iuT irepresents ithe iac ivoltage 

iapplied ito ithe itransformer imagnetizing 

iinductance. iNeglecting ithe idead itime, ithe 

iupper iand ilower iswitches iin ieach iswitching 

ileg iare idriven icomplementarily iwith ia iduty 

icycle iof i0.5. iThe itwo iprimary-side 

iswitching ilegs iare iöp iout iof iphase, ithe itwo 

isecondary-side iswitching ilegs iare idriven 

isynchronously, iand ithe iphase-shift iangle 

ibetween ithe iprimary iand isecondary iunits iis 

ias iö. iWith ithe iEPS icontrol, iu1 iis 

icharacterized ias ian iac irectangular iwave 

iwith iamplitude iVp, iand iboth iu2 iand iu3 iare 

iac isquare iwaves iwith ithe isame iamplitude 

iVs(Vs i= inVs).Depending ion ithe irelationship 

ibetween ithe irising iedges iof iu1 iand ius, 

ithree idifferent ioperating imodes ican ibe 

iidentified, ias ishown iin iTable iI. iOperating 

imode iI ioccurs iin iboth iforward iIgnoring ithe 

idead itime, ione iswitching icycle ican ibe 

idivided iinto isix istages, ias ishown iin iFig. i4. 

iMode iI iis itaken ias ian iexample ito iexplore 

ithe ioperation iof ithe imodified iDAB 

iconverter iwith ithe iEPS icontrol, iand idue ito 

isymmetry, ionly ithree istages iover ithe ihalf 

iswitching icycle i[0, ið] iare idetailed ibelow. 

As iaforementioned, ithe ithree iinductor 

icurrents ii1, ii2, iand ii3 ican ibe iderived iwith 

ithe isuperposition iof ithe ithree idecoupled 

icurrents ii12, ii23, iand ii31 iwhich iderived iby 

ivoltages iacross iequivalent iinductors iL12, 

iL23, iand iL31 ias iin iFig. i4. iSince ithe itwo 

iequivalent iac ivoltage isources iu2 iand iu3 iare 

isynchronous ialways iin ithe iEPS icontrol, ithe 

ivoltage iacross iL23 iis izero, iand ithe iac 

icurrent ii23 i(è) iis iequal ito i0 iin istages. 

iTherefore, iILS i(è) iequals i0 ias iwell, iwhich 

imeans ithat ino icurrent iflows ithrough ithe 

iinserted isecondary-side iinductor iinEPS 

icontrol, iand ithe ioperation iis ithe isame ias 

ithe iconventional iDAB iconverter. iStage i1 

i[0, iâ] i[see iFig. i4 iprior ito ithis istage, iSp2, 

iSp3, iSs2, iand iSs3 ihave ibeen iconducting. 

iAt ithe ionset iof ithis iinterval, iSp2 iis iturned 

iOFF iand 

 
Fig. i4. iStage i1 iOperation 

theoretically iSp1 iis iturned iON iwith iZVS iif 

ii1 i(0)<0 iwhich imeans ithat ithe iantiparallel 

idiode iof iSp1 iconducts ibefore ithe itransistor 

idoes. iThis iinterval iends iup iwith iSs2 iand 

iSs3 ibeing iturned iOFF. iDuring ithis iinterval, 

ithe itwo icurrents ii∗12 iand ii∗31 iare 

iexpressed ias i 

i12 i(θ) i= ii12 i(0) i+ iθ i 

i31 i(θ) i= ii31 i(0) i− iθ. 
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Stage i2 i[β, iα] i[see iFig. i3at iβ, iSs2 iandSs3 

iare iturned iOFF, iand itheoretically iSs1 iand 

iSs4 iare iturned iON iwith iZVS iif ii2 i(β) iand 

ii3 i(γ) iare inegative. iThis iinterval iends iup 

iwith iSp3 ibeing iswitched iOFF iat iα. iDuring 

ithis istage, ii12 iand ii31 iare ii12 i(θ) i=i12 i(β) 

i− i(θ i− iβ)i31 i(θ) i= ii31 i(β) i+ i(θ i− iβ) 

 
Fig. i5. iStage i2 iOperation iStage i3 i[α, iπ] 

i[see iFig. i6 iat iα, iSp3 iis iturned iOFF, iand 

iSs1 iis itriggered iON iwith iZVS iif ii1 i(α) iis 

inegative. iThis iinterval iends iup iwith iSp1 

ibeing iswitched iOFF iat iπ. iDuring ithis 

istage, ii12 iand ii31 iare ii12 i(θ) i= ii12 i(α) i+ 

i(2k i−1) i(θ i− iα) ii31 i(θ) i= ii i31 i(α) i− i(2k 

i−1) i(θ i− iα) iWhere ithe ivoltage iconversion 

iratio ik i=VIP/ i(n‟s). iThus, ii1, ii2, iand ii3 

iare iderived ias ii1 i(θ) i= ii1 i(α) i+ i2(2k i−1) 

i(θ i− iα) ii3 i(θ) i= ii2 i(θ) i= ii2 i(α) i− i(2k i−1) 

i(θ i− iα). 

 
Fig. i6. iStage i3 iOperation i 

Due ito imodulation isymmetry, ithe iupper iand 

ilower iswitches iof ieach iswitching ileg ihave 

ithe isame isoft-switching icondition. iTherefore, 

ionly iSp1, iSp4, iSs1, iand iSs4 iare 

iconsidered, iand itheir iswitching iinstants iand 

iZVS iconditions iare ilisted iin iTable iII. iIn 

iorder ito iachieve iZVS ioperation, ithe 

icorresponding iinductor icurrent iat ieach 

iswitching iinstant ishould ibe ino imore ithan 

i−IZVS, iwhere iIZVS iis ithe iminimum 

icurrent ifor iachieving iZVS iwithin ia 

ispecified ishort idead itime iinterval. iWith ithe 

iEPS icontrol, itime iinstants iβ iand iγ 

ioverlapped icompletely, ias ishown iin iFig.6. 

iBy ivirtue iof i(10), i(12), iand i(14), ithe 

inormalized iswitching icurrents ifor ieach 

ioperating imode ican ibe ifound, ias ishown iin 

iTable iIII. iTheoretically, iZVS iturn-on iof iall 

idevices ican ibe iachieved iif ithe iinductor 

icurrents iat ifour iswitching iinstants iare iless 

ithan i0, ii.e., iIZVS=0 iin iTable iII. iApplying 

iZVS iconditions iin iTable i2, iconstraints iin 

iTable i1 ito iequations iin iTable i3, iwe ifind 

iphase-shift iangle iφp ishould isatisfy i 

φp i= iπ i(1−1/ i(2k)). 

CONCLUSION 

A inovel iDAB itopology ithat iemploys ia iCLC 

iresonant inetwork ihas ibeen idescribed. iThe 

imathematical imodel ipresented ihas ibeen 

ishown ito iaccurately ipredict ithe iperformance 

iof ithe iproposed itopology. iAlthough, ithe 

iRDAB ipresented iin ithis ipaper ihas inot ibeen 

ioptimized ifor iefficiency, ithe iresults iof ia i4-

kW iprototype ioperated iunder ivarious 

iconditions isuggest ia isignificant i 

iimprovement iin iperformance iin icomparison 

ito ia iconventionalDAB iconverter iwith iSPS 

icontrol. iThe ilower ibridge icurrents iof ithe 

iresonant iDAB itopology iresult iin ian 

iincreased ipower icapacity iand ia ihigher 

iefficiency iover ia iwide irange iof ibridge i idc 

isupply ivoltages. iIn icomparison iwith ithe 

iconventional iconverter’shardware, ithe iRDAB 

iconverter irequires ithe iaddition iof itwo 

irelatively ilow-cost icapacitors iand ifor ithese 

ito ibe ituned iwith ithe itransformer. iAs ia 

ibonus, ithese icapacitors iprovide idc icurrent 

ireset, ipreventing icore isaturation iin ithe 

ievent iof iabnormal ioperating iconditions. iIn 

iregard ito ituning, iit ihas ibeen ishown ithat 

ithe iconverter’s ioperating icharacteristics iare 

inot iparticularly isensitive ito ivariations iin ithe 

icomponent ivalues. iThere iis ithe ipotential ito 

ifurther iincrease ithe ioperating iefficiency iby 

iemploying ia ipurpose-designed itransformer 

iemploying ia imagnetic ishunt ito iaffect ithe 
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irequired ileakage iinductance. iThis 

itransformer iwill ibe ismaller ithan ithat iof ia 

iconventional iDAB iconverter ion iaccount iof 

ithe ilower ioperating icurrents. 
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