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Abstract: iThis iproject iestablishes ia inew itopology ifor iperformance iof igrid iconnected iwind iPV 

icogeneration isystem. iThe iutility igrid ivia ibtb i(back ito iback) ivoltage isource iconverter iis iinterfaced 

ito ia isynchronous igenerator ibased iwind iturbine. iIn ithis isystem ia iPV isolar igenerator iis iconnected 

ito ithe idc ilink icapacitor iof iVSC. iThe iswitching iapproach iof ithe igrid iside iconverter iis iintended ito 

ipick iup ivoltage idrop icaused iby ithe ifault iin ithe igrid iwhile imaximum iobtainable iactive ipower iof 

iwind iturbine isystem iis iinjected ito ithe igrid iand ithe iDC ilink ivoltage iin ithe iconverter iis iregulated. 

iThe iefficiency iof ithe isystem iis iimproved ias ithere iis ino irequirement iof idc ito idc iconversion. iIn ithis 

iproject ithe iwind iand iphotovoltaic igenerators iuses iindependent imaximum ipower ipoint itracking ito 

iextract ithe imaximum ipower iand iimprove ithe iefficiency ithe icontrol iof ivsc iuses iFLC icontrol 

ischeme. iThe idynamic imodels iof ithe isystem icomponents iwere ideveloped ito iexplore ithe istability. iThe 

isystem iis iverified iby iusing isimulation iresults. 

 

Index iTerms--AC-DC ipower iconverters, iDC-AC ipower iconverters, imaximum ipower ipoint 

itrackers, ipermanent imagnet imachines, isolar ipower igeneration, iwind ipower igeneration. 

I. INTRODUCTION 

 

Among ithe ienvironmental ibenefits iof 

irenewable ienergies, ithe ilaunch iof inew 

itechnologies iin ithe imanagement iand icontrol iof 

irenewable ienergy isources iand ithe igrowing 

idemand ifor ihigh iquality iand iconstant isupply 

ilead ito igreater iattention ito ithis itype iof ienergy 

isource. i[1-4]. iIn iaddition ito ithe ioptimal 

ioperation iof ia ipower isystem iunder inormal 

iconditions, ichecking ithe isystem iunder ifault 

iconditions iis ione iof ithe imost idifficult iconcerns 

i[5-7]. iEnergy iquality iis ione iof ithe imost 

iimportant iissues iin ithe iuse iof idistributed 

igeneration i(DG) i[8-9]. iIn iaddition ito ithe 

ifrequency iand iactive ipower, ithe ivoltage iand 

ireactive ipower ishould ibe ilimited iand icontrolled 

iin ipredefined iintervals i[10-11]. iTo iachieve ithis, 

igenerators imust ibe iproperly icontrolled ito 

iprevent ivoltage idrop iand ivoltage isurge iat 

imaximum ior ilow idemand, irespectively i[12-15]. 

iOne iof ithe imost iimportant iadvantages iof ithe 

iDGs, iin iaddition ito ithe iinjection iof iactive 

ipower iand ithe isupply iof ilocal iload, iis ithe 

iinjection iof ireactive ipower iat ithe icommon 

icoupling ipoint i(PCC) i[16-17]. iBy icontrolling 

ithe ireactive ipower iof ia iDG, ithe ivoltage iprofile 

iand ithe iquality iof ithe ipower isupply ican ibe 

iimproved iin idifferent ioperating imodes iof ithe 

inetwork, iespecially iin ithe ievent iof ifaults. iWind 

iturbine igeneration iis ione iof ithe imost icommon 

isources iused iin idistributed igeneration isystems 

ifor ithis ipurpose. iConstant ispeed iwind iturbines 

ithat iwere imore ipopular iand iefficient ithan 

irecent iwind iturbine isystems iwhere ielectronic 

ipower itechnology ihas ihelped ito iimprove 

iefficiency iby iimplementing ivariable ispeed iwind 

igenerators iin ipower igeneration. iDue ito ithe 

iperiodic iand iunrestricted inature iof iwind iand 

isolar ienergy, ielectronic ipower iconverters iare 

iused ias ian iinterface iwith ithe iload iside ior ithe 

ipublic igrid iand itherefore idistributed igeneration 

iunits iare iproduced. iTo imaximize ithe ibenefits 

iof iavailable irenewable iresources, ithe 

icombination iof iwind iand isolar ienergy iin ithe 

isame ineighborhood iwas iconsidered. iThe 

icogeneration iof iwind iand isolar ienergy ihas ithe 

ifollowing icharacteristics; i1) iThe iavailability iof 

iwind iand isolar ienergy iis igenerally iharmonizing, 

iand itherefore ithe icombination iof iboth iforms iof 

ienergy iincreases ithe ioverall iefficiency iprovided. 

i2) iThe icombination iof iwind iand isolar ico 

igenerator ioptimizes ithe iuse iof iland iresources 
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iand itherefore iimproves icapital iinvestments. i3) 

iCompared ito istatic iphotovoltaic igenerators, 

isolar-wind icogeneration isystems iare imore 

idynamically iable ito isupport ithe ipublic igrid idue 

ito ithe imoment iof iinertia iavailable iin ithe 

imechanical isystem iof iwind igenerators i[8]. i4) 

iHaving itwo isources iof ienergy iincreases ithe 

ireliability iof ithe igeneration. iOne iof ithe imost 

iimportant iof ithe isignificant iinvestigations iin ithe 

iVSWT iis ithe irequest ifor idifferent icontrol 

ischemes ifor isome ipurposes iin ithe iplant. iHelp 

iis ineeded ifor isome itechniques iwith iVSWT 

icontrol. iDue ito ithe iefficient iand ieconomic iuse 

iof irenewable ienergies, isome iof ithe irenewable 

ienergy iresources iare iintegrated, isuch ias ithe 

iwind iturbine iand ithe isolar iarray. iDue ito ithe 

idependence ion iwind ispeed iand isolar iradiation 

iin isuch isystems, iits ireliability iin imeeting iload 

idemands idecreases iin iall iconditions. iTherefore, 

isome istudies ipropose ithe icombination iof ia 

idiesel igenerator ias ia ibackup isystem iand iwind i/ 

isolar ipower igeneration isystems. iThe iproposed 

isystem iis idesigned ito iobtain ithe imaximum 

ienergy icaptured iby ithe iwind igenerator i/ isolar 

iarray iand ideliver iit ito ithe ielectricity igrid 
 

Table i1 iMPPT iComparison ifor iPhotovoltaic 

iSystem 

 

On iphotovoltaic iframework ia ifront-

end isupport iconverter iwill ibe iby 

iand ilarge iobliged itowards ithe 

icenter iabout iinverter iwill imatch 

ithe iload iprerequisites. iPreviously, 

isuch iDC- iAC ialternately iDC-DC 

iAC ienergy iconverters, ithere iwill 

ibe iAn ilikelihood ifor iconcurrent 

iexchanging ifrom iclaiming iswitches 

i(IGBTs/MOSFETs) iof ithe isame 

ileg(s) ifrom iclaiming iinverter 

ibecause iof iEMI ieffect, 

iinappropriate iterminating iof 

iswitches, iaggravation iout ibreaking 

iand inonattendance iof icross 

iconduction isecurity iinside ithe igate- 

idrivers iitself iand iso ion. iThis 

iprompts ishorting ifrom iclaiming 

iwellspring ialternately idc iconnection 

icapacitor ithrough ithe ishorted ileg(s) 

iof iinverter, icausing ia ilarge icurrent 

iflow iand idamage ito ithe isystem. 

II iPROPOSED iSYSTEM iDESCRIPTION

 i 

Fig.1 iThe iproposed iwind-PV icogeneration 

isystem. 

 The iproposed ihybrid ipower 

igeneration isystem iis iillustrated iin 

iFigure i1. iThis isystem iconsists iof ia 

ihorizontal iaxis iand ia ivariable ispeed 

iwind iturbine, ia isolar igenerator, ia 

isynchronous igenerator iwith 

ipermanent imagnets. 

1. Grid-Side iVoltage isource 

iconverter icontrol: 

Most iinverters ioperate ias ia 

icurrent isource iby iinjecting ia 

isinusoidal icurrent iand iin iphase 

iwith ithe imains ivoltage, iwith ia 

ipower ifactor iequal ito ior ivery 

iclose ito ithe iunit. iThe iinverter 

imust ibe isynchronized iwith ithe 

ifundamental icomponent iof ithe 

igrid ivoltage, ieven iin icases 

iwhere ithe igrid ivoltage iis 

idistorted ior iunbalanced ior 

iwhen ithe igrid ifrequency ivaries. 

iFigure i1 ishows ian iexample iof 

isteady-state i isynchronization ifor 

ia ithree-phase isystem, iin iwhich 
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ithe ithree-phase iwind 

iphotovoltaic icogeneration 

isystem iwith iload 
 

 

Fig. i2 iVSI iside iconverter icontrol 

As ishown iin iFig. i1, ithe iac-side iof ithe iVSI 

iis iterminated iby ian iinductive ifilter i(�f) 

iwith ian iinternal iresistance i(�f) iand ia ishunt 

icapacitor i(�f). iThe i�f-�f ifilter iand ithe 

iutility-grid iimpedance iare imodeled ias 

ifollowing; 

 

To iavoid iVSI iover imodulation, ithe idesign 

iof ia iPV iarray ishould itake iinto iaccount ithe 

icoordination ibetween ithe iMPPT ivoltage iof 

ithe iPV iarray iand ithe iactual ivoltage iat ithe 

icommon icoupling ipoint i(PCC), ii.e. i�o, iat 

igeneral ilevels iof iirradiation. iIn ipower 

iconverters, ithe ipulse iwidth imodulation 

i(PWM) iand ithe iswitching imodel iare 

idictated iby ithe irelationship ibetween iAC 

iand iDC ivoltage isuch ithat iVc i= imVdc i/ i2 

iwhere iwhere iis ithe icomplex ivector 

imodulation isignal. iSince iVc iis irelatively 

iconstant iand itherefore iin isteady-state 

iconditions, iany isignificant ivariation iin idc 

icould iinduce imodulated ioperation ior 

iimproper iuse iof ithe iDC iconnection, iwhich 

iin iturn idegrades ithe iquality iof ithe ienergy 

iinjected iinto ithe ipublic inetwork. 

2. Machine-Side iVoltage 

iSource iRectifier i(VSR): iAt iany 

iwind ispeed, ithere iis ian ioptimal 

imechanical irotor ispeed ivalue iwhich 

icorresponds ito ithe igeneration iof 

imaximum iwind ienergy. iThe iRSV 

iin iFig. i3 iobtains ithe iextraction iof 

ithe imaximum iwind ienergy. iThe 

iMPPT ialgorithm ifor ithe iwind 

igenerator iuses ithe iwind ispeed i(𝑣1) 

ito i generate ithe ioptimal ivalue iof 

ithe irotor ispeed ibased ion ithe 

imechanical icharacteristics 
 

 

III i. iFUZZY iLOGIC iCONTROL 

 L. iA. iZadeh ipresented ithe ifirst ipaper ion 

ifuzzy iset itheory iin i1965. iSince ithen, ia inew 

ilanguage iwas ideveloped ito idescribe ithe 

ifuzzy iproperties iof ireality, iwhich iare ivery 

idifficult iand isometime ieven iimpossible ito ibe 

idescribed iusing iconventional imethods. iFuzzy 

iset itheory ihas ibeen iwidely iused iin ithe 

icontrol iarea iwith isome iapplication ito ipower 

isystem i[5]. iA isimple ifuzzy ilogic icontrol iis 

ibuilt iup iby ia igroup iof irules ibased ion ithe 

ihuman iknowledge iof isystem ibehavior. 

iMatlab/Simulink isimulation imodel iis ibuilt ito 

istudy ithe idynamic ibehavior iof iconverter. 

iFurthermore, idesign iof ifuzzy ilogic icontroller 

ican iprovide idesirable iboth ismall isignal iand 

ilarge isignal idynamic iperformance iat isame 

itime, iwhich iis inot ipossible iwith ilinear 

icontrol itechnique. iThus, ifuzzy ilogic 

icontroller ihas ibeen ipotential iability ito 

iimprove ithe irobustness iof icompensator. iThe 

ibasic ischeme iof ia ifuzzy ilogic icontroller iis 

ishown iin iFig.3 iand iconsists iof ifour 

iprincipal icomponents isuch ias: ia ifuzzy 

ification iinterface, iwhich iconverts iinput idata 

iinto isuitable ilinguistic ivalues; ia iknowledge 

ibase, iwhich iconsists iof ia idata ibase iwith ithe 

inecessary ilinguistic idefinitions iand ithe 

icontrol irule iset; ia idecision-making ilogic 

iwhich, isimulating ia ihuman idecision iprocess, 

iinfer ithe ifuzzy icontrol iaction ifrom ithe 

iknowledge iof ithe icontrol irules iand ilinguistic 

ivariable idefinitions; ia ide-fuzzification 

iinterface iwhich iyields inon ifuzzy icontrol 

iaction ifrom ian iinferred ifuzzy icontrol iaction 

i[10]. 
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Fig.3. iBlock idiagram iof ithe iFuzzy iLogic 

iController i(FLC). 

 
Fig.4 iMembership ifunctions ifor iInput, iChange 

iin iinput, iOutput. 

Rule iBase: ithe ielements iof ithis irule ibase 

itable iare idetermined ibased ion ithe itheory 

ithat iin ithe itransient istate, ilarge ierrors ineed 

icoarse icontrol, iwhich irequires icoarse iin-

put/output ivariables; iin ithe isteady istate, ismall 

ierrors ineed ifine icontrol, iwhich irequires ifine 

iinput/output ivariables. iBased ion ithis ithe 

ielements iof ithe irule itable iare iobtained ias 

ishown iin iTable i1, iwith i„Vdc‟ iandVdc-ref ias 

iinputs. 

This isections ipresents ia iflexible 

icontrol istrategy ito iimprove ithe iperformance 

iof iDSTATCOM iin ipresence iof ithe iexternal 

iinductor iLext. iFirst, ia idynamic ireference 

iload ivoltage ibased ion ithe icoordinated 

icontrol iof ithe iload ifundamental icurrent, iPCC 

ivoltage, iand ivoltage iacross ithe iexternal 

iinductor iis icomputed. iThen, ia iproportional-

integral i(PI) icontroller iis iused ito icontrol ithe 

iload iangle, iwhich ihelps iin iregulating ithe idc 

ibus ivoltage iat ia ireference ivalue. iFinally, 

ithree-phase ireference iload ivoltages iare 

igenerated. iThe iblock idiagram iof ithe icontrol 

istrategy iis ishown iin iFig. i6. i 

TABLE iII: 

 
 

IV. iMATLAB/SIMULINK iRESULTS 

A itime-domain isimulation imodel ifor 

ithe ihybrid isystem iin iFig. i1 iis ideveloped 

iunder ithe iMatlab/Simulink® ienvironment ito 

ievaluate ithe ivalidity iand ithe iperformance iof 

ithe isystem. iThe iwind iand iPV igenerators iare 

i\ irated iat i2.0 iand i0.9 iMVA, irespectively. 

iThe icomplete imodel ientities iare ibuilt iusing 

ithe iSimPowerSystem® itoolbox. iThe iVSCs 

iare isimulated iusing iaverage-model-based 

iblocks. iThe isimulation itype iis idiscrete iwith 

ia isample itime iof i50 iμs. iIn ithe ifollowing 

isubsections, ithe iproposed iwind-PV 

icogenerator iis isubjected ito itheoretical 

ichallenging ioperating iconditions iwhich imight 

inot ioccur iin ithe irealty, ie.g., ilarge istep 

ivariations iin ithe iwind ispeed iand ithe isolar 

iirradiance ilevels, iand ithree-phase-to-ground 

i(3PG) ifaults iconditions. iThese iworst-case 

iscenarios iare iapplied ito ichallenge ithe isystem 

istability iand ishow ithe ieffectiveness iof ithe 

idesigned icontrollers. 

 

A. iSmall-Signal iModel iVerification 

The iaccuracy iof ithe ismall-signal istate-space 

imodel iin i(17) 

is ivalidated iin iFig. i4 ifollowing ia i5% istep 

iincrease iin i𝑉4j iat 

𝑡 i= i1.0 is. iIn ithis iparticular iscenario, ia 

ilightly idamped iresponse ihas ibeen iinduced 

iby iincreasing ithe ibandwidth iof ithe idc-link 

ivoltage icontroller iof ithe iVSI iso ithat ithe 

imodel ican ibe ieasily ivalidated. iFor ian 

ieigenvalue i𝜆 i= i−𝜎 i•} i𝑗𝜔A, ithe ifrequency 

iof ioscillation iis i𝜔A i[in irad/s] iwhereas ithe 
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ienvelope iof ithe ioscillatory iresponse idecays 

ifollowing ithe iexponential ifunction i𝐴exp 

i(−𝜎𝑡), iwhere i𝐴 iis ithe iamplitude iof ithe 

ioscillation iand i𝑡 iis ithe itime iin iseconds. iThe 

iyielded idominant ilightly-damped imode iis i𝜆 

i= i−73.03 i•} i𝑗251.7. iReferring ito iFig. i4, 

ithe ifrequency iof ithe ioscillation iof ithe 

ilightly-damped iresponse iis i247.4 irad/s 

iwhereas ithe ioscillatory iresponse idecays 

ifollowing ia iclose imatch ito i𝐴exp i(−73.03𝑡). 

iThis iimplies ithe iaccurate idevelopment iof ithe 

ismall-signal imodel iin i(17). 

B. iWind-PV iCogeneration 

The icogeneration iof ithe iwind iand iPV ienergy 

iis iinvestigated ifollowing idifferent iweather 

iconditions. iAs ishown iin iFig. i5, ithe iwind 

ispeed iincreases ifrom i8.4 ito i10.8, ithen idrops 

ito i7.2, iand ifinally iincreases ito i12m/s iat i𝑡 

i=2, i4, iand i6s, irespectively. iThe isolar 

iirradiance ilevel idecreases ifrom i1 ito i0.8, iand 

ithen ito i0.4, iand ifinally iincreases ito 

i0.6𝑘𝑊/𝑚%, iat i𝑡 i=3, i5, iand i6s, irespectively. 

iFollowing iFigs. i2-3, ithe iMPPT1 iand 

iMPPTA igenerate ithe ioptimal i𝜔* iand i𝑉4js i. 

iThe icorresponding ivariables iare ithen 

iregulated iusing i(4) iand i(12), ias ishown iin 

iFigs. i6(a)-(b), irespectively. iDuring ithe ientire 

ioperating irange, iboth i𝜔? iAnd i𝑉4j iare ihighly 

idamped iwhich iis ireflected ion ithe igenerated 

iwind iand iPV ipower ias idepicted iin iFigs. 

i6(c)-(d), irespectively, iand ithe iinjected icurrent 

ito ithe iutility-grid ias iin iFig. i6(e). iFor ifurther 

iinvestigation, ithe imaximum iwind ipower, ii.e., 

i2MW, iand ia iPV ipower iof i0.568MW iare 

igenerated iat i𝑡 i= i6.0 is iwhere ithe idc-link 

istability iis ipreserved iwith ia imaximum 

iovershoot iof i0.06 ip.u. ias ishown iin iFig. 

i6(b). iUnder iall iconditions, ia iunity iPCC 

ivoltage iis imaintained ifollowing i(14), ias 

ishown iin iFig. i6(f). 

 

The idesigned ivector icontrollers ifor ithe 

iVSR iand ithe iVSI ido inot isaturate ithe 

igenerated iPWM, ias ishown iin iFigs. i6(g)- 

i(h), irespectively, iwhere ithe ivariable 

ifrequency ioperation iof ithe iVSR iis iclearly 

inoted. 

C. iWind-Only iGeneration 

During ithe inight-time ior iat ilow-

irradiance iconditions, ithe iPV igenerator 

iprovides ia izero ipower ito ithe iutility-grid. 

iUnder ithis icondition, ithe idc-link ivoltage iis 

iregulated ito ithe iminimum ivalue. iAs ishown 

iin iFig. i7(a), ithe idc-link ivoltage idrops ito 

i0.858p.u. iat i𝑡 i= i2.0 is ias ithe iPV ipower 

igeneration idrops ito i0, iand iis irestored iback 

ito i1.0 ip.u. iat i𝑡 i= i3.0 is iwhen ithe iPV ipower 

iis igenerated. iThe icorresponding iwind iand 

iPV ipower ias iwell ias ithe iinjected iac icurrent 

ito ithe iutility-grid iare ishown iin iFigs. i7(b)-

(c), irespectively. iNote ithat ia iblocking idiode 

iis iusually iconnected iin iseries iwith ieach iPV 

istring ito iprevent ireverse icurrent iflow iat ithe 

ilow iirradiance ilevels. 

D. iPV-Only iGeneration 

The iwind ispeed iis iassumed ito ibe iless 

ithan ithe icut-off ispeed, iand ihence ithe 

imajority iof ithe igenerated iwind ipower iis 

iconsumed iin ithe isystem ilosses. iTherefore, 

ithe iPMSG ioperates iin ithe ibraking imode iand 

ithe irotor iis ibrought ito ia istand-still iby 

imechanical imeans. 

 
Fig i.4. iThe istep iresponse iof ithe idc-link 

ivoltage ito iverify ithe ideveloped ismallsignal 

imodel iin i(17). 
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Fig. 5. Wind speed and solar irradiance levels 

 
(a) 

 
(b) 

 

 
(c) 

 
(d) 

 

 
(e) 

 

 
(f) 

 
(h) 

 
() 

Fig i.6. iPerformance iof ithe iwind PV 

icogeneration iscenario. 

As ishown iin iFig. i8(a), ithe irotor ispeed 

i(wr) idrops ifrom i1 ip.u. ito i0, iand ithen 

iincreases iback ito i1p.u. iat it i= i2 iand i3s, 

irespectively. iThis icorresponds ito ia isudden 

ichange iin ithe igenerated iwind ipower iand 

iinjected igrid icurrent ias ishown iin iFigs. i8(b)-

(c), irespectively. iIn ispite iof ithe ichallenging 
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ioperating iscenario, ithe isystem istability iis 

imaintained. 

E. iWind-PV iCogeneration iunder iFaults 

iConditions 

Converter-based idistributed igeneration 

iunits iroughly icontribute iby ithe irated icurrents 

iunder ithe ishort icircuit iconditions. iTherefore, 

iand idue ito ithe iincreased ipenetration iof ithe 

irenewable ienergy iresources ito ithe ielectrical 

igrids, isome iutilities ihave ienforced ithe ifault-

ride ithrough iof ipower iconverters i[33]. 

iAccordingly, ithe idistributed igeneration iunits 

imust inot idisconnect iduring ifault iconditions 

iwith ia ivoltage idrop idown ito i0 ip. iu. ithat 

icontinues ito iless ithan ior iequal ito i150 ims 

i(9cycles ifor i60Hz isystems). iIn ithis 

ioperational iscenario, ithe iproposed iwind-PV 

icogeneration isystem iis iinvestigated ifor ithe 

ifault-ride-through icapabilities. iThe iPCC iin 

iFig. i1 ihas ibeen isubjected ito ia i3PG ifault iat 

it i= i4 is ifor i4.0 icycles. iFurther, ithe iVSCs 

ihave ibeen iimplemented iin ithe iSimulink 

imodel iusing ipulse-widthmodulated iswitching 

iblocks. iFig. i9 ishows ithe iperformance iof ithe 

idc-link ivoltage iand ithe iutility-grid icurrent 

iunder ithe i1.0 ip.u. iand i0.5 ip.u iwind ipower 

igeneration iwhereas ithe iPV ipower igeneration 

iis imaintained iat i1.0 ip.u. 

 
(a) 

 
(b) 

 
(c) 

Fig i.7. iSystem iperformance iat ithe iwind-only 

igeneration iscenario. 

At i1.0 ip.u. iwind iand iPV ipower 

igeneration, iand ifollowing ithe iclearance iof 

ithe i3PG ifault, ithe idc-link ivoltage istability iis 

iviolated iwhereas ithe iquality iof ithe iinjected 

iac icurrent iis idegraded ito ia itotal-harmonic-

distortion i(THD) iof i8.75%. iOn ithe icontrary, 

ithe iresponse iwith ithe i0.5 iand i1.0 ip.u. iwind 

iand iPV ipower igeneration, irespectively, 

ireflects ia istable idc-link ivoltage iand ia ibetter 

icurrent iquality iof ia iof i3.61%. iThis iimplies 

ithat ithe iwind igenerator iis iassociated iwith 

ithe isystem iinstabilities iunder ithe iutility-grid 

ifaults iconditions. iThe ifault iconditions iare 

iassociated iwith ia isudden idrop iin ithe iPCC 

ivoltage ithat ihinders ithe imaximum ipower 

itransfer ifrom ithe idc-link ito ithe igrid. iAs ithe 

iinput iwind ipower iis idriven iby ia irelatively 

islow imechanical isystem, ithe iwind igenerator 

ikeeps iinjecting ithe imaximum iwind ipower 

iinto ithe idc-link icapacitor iduring ithe ifault 

iconditions. iTherefore, ithe idc-link iinput 

ipower ibecomes isignificantly ihigher ithan ithe 

ioutput ipower iand iso ithe idc-link ivoltage 

iincreases, ias ishown iin iFig. i9(a) i[at i1 ip.u. 

iwind ipower]. iOn ithe icontrary, ithe iPV 

igenerator idoes inot icontribute ito ithe idc-link 

ivoltage iinstabilities iunder ithe ifault 

iconditions.The iincreased idc-link ivoltage 

ipushes ithe ioperating ipoint iof ithe iPV iarray 

ibeyond ithe imaximum ipower ipoint. iAs 

ishown iin iFig.3, ias ithe iPV iarray ivoltage 

iexceeds ithe iMPPT ioperating ipoint, ithe 

igenerated iPV ipower iis inaturally idecreased, 
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iand iso ithe iPV iarray idoes inot icontribute ito 

ithe ifault icurrents. iThe iPV igenerator ihas 

iself-healing icapabilities iunder ithe iutility-grid 

ifaults iconditions. iIn iliterature, ithe iprotection 

iagainst ithe ifault iconditions iin ithe iwind 

igenerators iis iachieved iby iactivating ithe 

ifollowing iprotection ischemes i[34]; i1) iusing 

ia ibraking iresistance iin iparallel ito ithe idc-link 

icapacitor iof ithe iBtB iVSCs iso ithat ithe 

igenerated iwind ipower ican ibe idissipated 

iduring ithe ifaults. i2) iusing ithe ipitch iangle 

icontrol iso ithat ithe iwind iturbine iblades iare 

itwisted ito ireduce ithe iamount iof iwind ipower 

iextraction, iand ihence ithe imechanical itorque 

iinput ito ithe iwind iturbine iis ireduced. 

 
(a) 

 
(c) 

 
(d) 

 

(e) 

Fig i.8. iSystem iperformance iat ithe iPV-only 

igeneration iscenario. 

 

Note ithat iboth iprotection ischemes ican 

ibe iused iso ithat ithe ibraking iresistance 

iprovides ia iquick idamping itill ithe imechanical 

ipitch icontroller iis iactivated. iFig. i10 ishows 

ithe isystem iperformance iwhen ithe ipreceding 

ifault iprotections iare iimplemented iunder i1.0 

ip.u. iwind iand iPV ipower igeneration. iThe 

iincrease iof ithe idc-link ivoltage ihas ibeen 

ilimited iwhereas ithe iinjected iac icurrent ito 

ithe igrid iis imaintained istable. iThe ifaultride 

ithrough ihas ibeen iachieved iby ielectrically 

idissipating ithe iextra iwind ipower iinto ithe 

ibraking iresistance itill ithe iwind ipower iinput 

iis imechanically isuppressed iusing ithe ipitch 

iangle icontrol. iFor ifurther iinvestigations, ithe 

isystem iperformance iunder ithe isingle-phase-

to-ground i(1PG) ifault iconditions iis 

iinvestigated iin iFig. i11. iIt iis iclear ithat ithe 

i1PG ifault iis inot idetrimental ito ithe isystem 

iperformance ias icompared ito ithe i3PG ifaults 

iin iFig. i9. iHowever, ithe iprotected ischeme 

ireflects ia imore idamped idc-link iresponse ias 

icompared ito ithe iunprotected icase. 

 

 
(a) 

 
(b) 
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(c) 

Fig. i9. iThe isystem iresponse ito ia i3PG ifault 

iat it i= i4.0 is ifor i4.0 icycles i– i1.0 iand i0.5 

ip.u. iwind ipower igeneration iwith i1.0 ip.u. iPV 

 

 
 

Fig. i10. iThe isystem iresponse ito ia i3PG ifault 

iat it i= i4.0 is ifor i4.0 icycles i– i1.0 ip.u. iwind 

iand isolar ipower igeneration iwith ithe 

iimplemented ifault iprotection ischemes. 

 

V. iCONCLUSION 

This iproject ipresented iwind-photovoltaic 

icogeneration isystems iusing iVSC iBtB iconnected 

ito ithe ivector-controlled inetwork. iThe iVSR ion 

ithe iside iof ithe iwind igenerator iis iresponsible ifor 

iextracting ithe imaximum wind ienergy iafter 

ichanges iin iwind ispeed. iOn ithe iutility iside, ithe 

ifunctions iof ithe iVSI iare ito iextract ithe maximum 

iPV ipower ifrom ithe iPV igenerator, ito iachieve ia 

ibalance ibetween ithe iinput iand ioutput ipowers 

through ithe iintermediate icircuit icapacitor iand ito 

imaintain ia iPCC ivoltage iof ithe iunit iin idifferent 

imode. iof operation. iThe iproposed isystem ihas ithe 

ifollowing iadvantages; i1) iMaximum ireliability iand 

iefficiency ithanks to ithe icombination iof iwind iand 

iphotovoltaic igenerators. i2) iIndependent iMPPT 

iextraction isince iVSR iand VSI iare ithe ionly iones 

iresponsible ifor ithe iextraction iof iwind iand 

iphotovoltaic ienergy, irespectively i3) simple isystem 

istructure iand icontroller idesign. i4) iBankruptcy 

ican ibe iachieved ithrough iexisting iprotection 

systems. iOptimal iperformance ihas ibeen ireported 

iusing itime idomain isimulation iresults iin ithe 

iMatlab i/ Simulink ienvironment. 
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