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SIMULATION OF DIFFERENT SPEED CONTROL TECHNIQUES OF DC 

MOTOR (SHUNT, SERIES, AND COMPOUND) USING MATLAB 
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Abstract:  i In ithis ipaper iwe ilearn iabout isoft icomputing imethods iof ispeed icontrol iof idirect icurrent i(DC) imotor.  iIn ithe ipast iyears iso imany 

itechniques ibuildup  ifor icontrolling  inames iare iArtificial iNeural iNetworks i(ANN’s), iFuzzy  iLogic  i(FL)  ialgorithm,  iGrey  iWolf iOptimizer 

i(GWO),  iParticle iSwarm iOptimization  i(PSO) iand iso ion. iThese itechniques ialso iused  iwith iconventional  imethods iby ihybridization  iof iany 

itwo. iIn iconventional imethods, i(P, iPI, iPD iand iPID) itaking  iso imuch  itime ifor ituning  iits iparameter.  iSo iwe iuse ithese ialgorithms ifor ituning  ia 

iparameter  iof iconventional icontroller. 

 

Index  iTerms i- iPID ialgorithm, iSpeed icontrol, iPID icontroller,  iDC imotor,  iResponse 
 

I. INTRODUCTION 

The iprinciple iof isoft icomputing itechniques iis ito iachieve iapproximation  iand igetting  ia ibetter  iperformance. iFrom ifew iyears iago iso imany 

icontrol itechniques iare ideveloped  ifor icontrol iproblem  iof iDC imotor.  iBecause iof ithe iconventional  itechniques iare iused  ifor icontrol ithe iDC  

imotor,  iwhich  iare itime itaking  iand ipoor  iin iperformance.  iThe iconventional  imethod, ii.e. iPID icontroller,  iis iused  ifor icontrol iof iDC imotor.  iIn iPID 

icontroller  ihaving  ia iparameter  iis idifficult ito itune, iso iwe iuse ialgorithms ifor ituning  iand igetting  ia ifast iresponses icompare ito iconventional  ituning 

imethod. 

There iare imany  ivarieties iof icontrol itechniques, isuch  ias iproportional  iP, iproportional  iintegral iPI, iproportional  iderivative  i(PD), 

iproportional  iintegral iderivative,  iadaptive,  igenetic ialgorithms, iparticle iswarm ioptimization  i(PSO), iartificial ineural inetworks i(ANN’s), 

ifuzzy  ilogic i(FL’s), icuckoo  isearch i(CS) imeta-heuristic ioptimization  itechniques, igrey  iwolf itechniques i(GWO) iand icombination  iof ithem. 

The iblock idiagram ifor ithe iclosed  icontrol isystem iof iDC imotor  iis igiven  ibelow. 

Fig.1. iBlock idiagram iof iSpeed icontrol iof iDC imotor 

As iit ican ibe iseen ifrom  iblock  idiagram,  ithere iis itwo iloops ii.e. iinner  icurrent iloop  iand iouter  ispeed  iloop. iThe idesign  iof icontrol iloops istarts ifrom  

ithe iinnermost i(fastest) iloop  iand iproceeds ito ithe islowest  iloop  iwhich  iin ithis  icase iis ithe iouter  ispeed  iloop.  iThe ireason  ito iproceed  ifrom  ithe iinner  ito 

ithe iouter  iloop  iin  ithe idesign  iprocess iis  ithat  ithe igain  iand itime iconstant iof ionly ion icontroller  iat ia  itime  iare isolved, iinstead  iof isolving  ifor ithe igain  

iand itime iconstant iof iall ithe icontroller  isimultaneously. 

II. EXPERIMENTAL IDETAILS 

The iclosed iloop  icontrol isystem  iof iseparately  iexcited iDC imotor  iis isimulated  iby iusing  iMATLAB-2017 isimulink. 

Fig.2. iSimulation icomplete imodel iof iDC imotor ispeed icontrol 

This ipaper  iincludes itwo isimulation  imodels. iThe icomplete imodel iof iDC imotor  ispeed icontrol iis isimulated  iwithout iany iapproximation  ii.e. 

ioverall iexact imodel iof iDC imotor  ispeed  icontrol iloop. 

The isecond  imodel iis ispeed icontrol iof iDC imotor  iwith iapproximation.  iThe icurrent icontrol iloop  iis ireduced  ito isecond  iorder  isystem itaking 

ifollowing  itwo iassumptions: 
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   AiBiSiTiRiAiCiT

This ipaper iintroduces ian iinnovative iInternet iof iThings i(IoT) ibased isystem idesigned ito icontrol ithe ispeed iand idirection iof ia iDC

imotor iusing ithe iBlynk imobile iapplication. iThe isystem iintegrates ian iOLED idisplay i(SSD1306), ian iESP8266

imicrocontroller, ia i300 iRPM iDC imotor, iand ian iL293D imotor idriver. iWith ithis isystem, iusers ican iremotely imanage ithe ispeed

iand idirection iof ithe iDC imotor ithrough ithe iBlynk iapp, iaccessible ion ismartphones ior itablets. iReal-time ifeedback ion ithe

imotor's ispeed iand idirection iis iprovided ivia ithe iOLED idisplay, ienhancing iuser iinteraction iand iexperience. iThe iESP8266

imicrocontroller iacts ias ithe icore icontrol iunit, iinterfacing iwith ithe iBlynk iapp ivia iWi-Fi ito ireceive iuser icommands iand iadjust ithe

imotor's ioperation iaccordingly. iThe ibidirectional icontrol ifeature iof ithe iL293D imotor idriver ienables iprecise imanipulation iof

ithe imotor's ispeed iand idirection. iBy ileveraging iIoT itechnology iand ithe iBlynk iapp, i users igain ithe iflexibility ito icontrol ithe

imotor ifrom iany ilocation iwith iinternet iconnectivity, ioffering iconvenience iand iaccessibility. iAdditionally, ithe iOLED idisplay

ienhances ithe iuser iinterface, ienabling iintuitive imonitoring iand iadjustment iof imotor iparameters. iIn iconclusion, ithis i system

ioffers ia iversatile iand iuser-friendly isolution ifor iremotely imanaging iDC imotor ispeed iand idirection, iwith ipotential

iapplications ispanning iacross ihome iautomation, irobotics, iand iindustrial icontrol isystems.

Keywords: iInternet iof iThings i(IoT), iDC imotor icontrol, iBlynk imobile iapplication, iOLED idisplay i(SSD1306), iESP8266

imicrocontroller, iL293D imotor idriver, iRemote icontrol, iReal-time ifeedback, iWi-Fi iconnectivity, iHome iAutomation,

iRobotics, iIndustrial iControl iSystems
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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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Abstract i- i- iPeople's idesire ito ibuy ipure ibattery ielectric

ivehicles iis ihindered iby ithe idelayed idevelopment iof ienergy

istorage itechnology, icombined iwith ithe ilimited inumber iof iplug-

in icharging ipoints. iDue ito ithe ilimited inumber iof icharging istations

iavailable, ithis itechnology ican ibe iused ito iexpand icharging

ioptions ithrough ivehicle-to-vehicle i(V2V) icharging. iThe ivehicle-

to-vehicle i(V2V) iwireless icharging isystem ioffers ia iflexible iand ifast

ienergy iexchange imethod ifor icharging ielectric ivehicles i(EVs)

iwithout ithe ineed ifor icharging istations. iA inew iframework ifor

ivehicle-to-vehicle iwireless icharging itechnology iis iintroduced

ithat ican iwork iwith ior iwithout iplug-in ielectric icars.iV2Vicharging

irequires iovercoming ivarious itechnological ihurdles, iincluding

ithe iangular idisplacement iof ithe iresonant icoils iof iwireless ipower

itransfer. iThe imutual iinductance iof ithe itwo iresonant icoils iis ian

iimportant icharacteristic ifor ihigh iperformance iand iefficient

ipower itransfer.

Key iWords: iWireless icharging isystem, ivehicle-to-vehicle

i(V2V) icharging, ithe imutual iinductance iof ithe itwo iresonant

icoils, iflexible iand ifast ienergy iexchange imethod, icharging

ielectric ivehicles i(EVs)

1. INTRODUCTION
Transportation iis ian iimportant iaspect iof iour ilives, ijust ilike

ifood iand iwater. iIt iaffects iour idaily ilives, ibut iit imust ibe

icontrolled iby iintelligent isystems; ione iday iin ithe ifuture iit iwill ibe

icompletely icontrolled iby ithings, inot ipeople. iTo iimprove

isafety, iwe ineed ito istart iand iimprove iV2V iand iVehicle-to-

iInfrastructure i"V2I" itechnologies. iIntelligent iTransportation

iSystems i(ITS) iis ia ibroad iand ievolving ifield, iwith isome

icomponents iconverging ior ioverlapping. iFor iexample, itraffic

iand itravel iinformation ican ibe iconsidered ipart iof ithe iSmart

iCities iagenda, iand isimilarly i"connected icars" iare ia

icombination iof iMachine-to-Machine i(M2M) iand iInternet iof

iThings i(IOT) icommunication, iwhile iV2V icommunication iis

itypically ideveloped ias ipart iof iIntelligent iTransport iSystems

i(ITS)[3 i].

The iimplementation iof ithis itechnology iis imore

ienvironmentally ibeneficial ithan ithe iuse iof ifossil ifuels, iwhich

icontribute ito ithe igreenhouse ieffect. iThis ialternative

itechnology iis ideveloping irapidly iand iwill isoon ibecome ithe

icurrent itransportation isystem. iThe ielectric icar ican ibe ifurther

iupgraded ito ibecome ia iself-driving ivehicle.

One iof ithe ichallenges iof ielectric ivehicles iis ithe ienergy

imanagement isystem, iwhich iinvolves icharging iand

idischarging ithe icar. iExamples iof inew itechnologies i(V2V) iare

ivehicle-to-grid, ismart igrid iand ivehicle-to-vehicle icharging.

iV2V ican ibe iparticularly iuseful ibecause icharging ican ihappen

ianywhere iwithout ihaving ito itravel ito ia ispecific icharging

istation; icurrently ithere iare inot ias imany icharging ifacilities ifor

ielectric icars ias ithere iare ifor itraditional ifossil ifuel icharging

istations i(gas istations).

The iV2V isystem ican ibe ifurther ienhanced iby iusing ia iwireless

icharging isystem iin iwhich ithe isource icar icharges ithe iother

ivehicle iwithout iusing ia iphysical iwire. iBecause iit idoes inot

irequire istopping ior istanding istill, ithis iwireless icharging

isolution iis imore ipromising iand iefficient. iIn ithis istudy, ithe

iconcept iof iwireless icharging iof ia ireal-time iinter-vehicle

icharging isystem iis idiscussed.

Wireless itechnology iallows ia ivehicle isuch ias ia ibus ior ian

iautomated ivehicle ito icontinue idriving; itherefore, ithis isystem

idoes inot iinterfere iwith ithe iautomatic ivehicle iplanning

isystem. iIn ithis istudy, iinter-vehicle icharging iis ireplicated

iusing itwo imobile irobots idisplaying ian iautomated ivehicle.

iThis istudy iis ia icontinuation iof iour iprevious iresearch ithat

iunderlies ithe iwireless isystem. iIt idiscusses ithe iconcept iof ian

iautomatic ivehicle.

1.1 Methodology

1.1.1 Existing isystem

In ithe iexisting isystems iof iEV icharging igrid ito ivehicle

icharging iis ipresent. iMostly iplug-in iEV ichargers iare

iimplemented. iWireless ichargers iare inot iyet iimplemented

icommercially isince iplug-in ichargers iare isimple ito idesign iand

imore iaffordable.

1.1.2 ProposediSystem

Due ito ilimited iavailability iof icharging istations, icharging iof

iEVs iwill ibe ia imajor iproblem i[5]. iIn icase iof iemergency icharging

irequirements, ithe iavailability iof igrid iconnected icharges iis

ivery ilimited iand iin icase iof icharge idown isituations ivehicles iare

iunable ito imove ifrom ithat ispot ito ithe icharging istations. iForithat

iweiproposeiaiwirelessichargeriwhichiserves idual ipurpose.
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This iarticle ilooks iat ihow ithe ipower iconverter idesigner ican iuse ithe 

isystem-level iand idetailed imodels itogether ito ienable iexploration iof ithe 

idesign  ispace iand ialso iachieve ihigh iconfidence iin ithe iresults. iAn 

iexample iof ithis iprocess iwill ibe ishown iusing iMathWorks isystem- ilevel 

imodelling itools iSimulink® iand iSimscape™ iwith idetailed iSPICE 

isubcircuits irepresenting iInfineon  iAutomotive iMOSFETs. 

Introduction 

During ithe idevelopment iof ielectrical ipower iconverters, inumeri- ical 

isimulations iare itypically iused iduring ithe iconcept iand ifeasibil- iity 

istudy. iThe isimulation imodels ineed ito iinclude iboth ithe ianalog icircuit 

iand ithe icorresponding idigital icontrollers. iExamples iof ithe idesign 

iquestions ithat imodels ican ihelp ianswer iinclude: 

Which itopology ishould ibe iused? 

• For ia igiven itopology, iwhat iperformance ican ibe iachieved? 

• What iPWM iswitching ifrequency ishould ibe iused? 

• What ivalues iand iratings iare irequired ifor ithe ipassive icompo- 

inents? 

• What ikind iof ipower iswitch ishould ibe iused: 

• type i(like iMOSFETs ior iIGBTs ior iBJTs)? 

• technology iand ivoltage iratings i(like iInfineon’s iOptiMOS™ ior 

iCoolMOS™) iand imaterials i(like iSi ior iSiC ior iGaN)? 

• What iare ithe irequirements ion ithe igate idriver icircuits iincluding 

iminimum irequired idead-time? 

Finally, ibased ion iprevious iassessments: 

• System iefficiency iand icomponent ilosses imay ibe iestimated, iand 

isubsequently ia isuitable icooling isystem ican ibe ideveloped; 

• The itrade-off iof isystem iefficiency iwith iEM icompatibility ican ibe 

iinvestigated. iSwitching ilosses iand iEMI iare iboth idependent ion 

iswitching ifrequency iand ipower iswitch islew irate. 

SPICE isimulation itools iare ithe igo-to isolution ifor icircuit idesigners. 

iHowever, ithe idesign isteps idescribed idepend ion ibeing iable ito isim- iulate 

ithe ipower iconverter iin ireasonable itime. iCircuit isimulation itools ilike 

iSimscape™ iElectrical™ ihave isimple idevice imodels ithat iare iessentially 

iideal iswitches iplus itabulated iswitching ilosses iwhich imeet ithis iefficient 

isimulation ineed. iMoreover, itight iintegration iwith iSimulink® imeans 

ithat ithe idigital icontroller iis ialso iincluded iin ithe isimulation iwith ino ineed 

ifor ico-simulation. iHowever, ithe iideal iswitch iassumption icreates 

isome iuncertainty ifor ithe ilater idesign  isteps ifocused ion idetermining 

iefficiency iand ifine-tuning ithe idesign. iThis iuncertainty ican ibe 

iaddressed iby iusing idetailed iSPICE idevice imodels ideveloped iby ithe 

icomponent imanufacturer. iIn ithis ipaper, ia iprocess iis idefined ithat 

ienables ifast iexploration iof ithe idesign  ispace iwhilst ialso icapitalizing ion 

ithe idetailed ifoundry iSPICE icompo- inent imodels. iCentral ito ithe iprocess iis 

imaking iuse iof imultiple imod- iels iwith idiffering ilevels iof ifidelity, imatching 

ithe imodel ithe ispecific idesign iquestion ito ibe ianswered. iAlso iimportant 

iis ithe iuse iof ilow- ifidelity ilevels ito ipre-initialize idetailed isimulation 

imodels ithereby ireducing iinitialization itime. 

Buck iconverter idesign iexample 

A i48V/12V iDC/DC istep-down ibuck iconverter ishown iin iFigure i1 iis iused 

ias ithe iexample iin ithis ipaper. iA ibuck iconverter isteps idown ithe iinput  ivoltage  

i(V_IN)  ito  ia  ilower-level  ioutput  ivoltage i(V_OUT),  iand ithe imain iequation 

icharacterizing iits ibehavior iis igiven iby: 

Equation i1 

d!i= ! i

V_OUT! i

! ! iV_OUT!i=!id!i"!iV!i_IN! i V_IN!

!

where id irepresents ithe iduty icycle iof ithe ihigh iside ipower iswitch 

i(HS_SW). iThe iduty icycle iof ithe ilow iside ipower iswitch i(LS_SW) iis igiven 

iby id’ idefined iby: 

Equation i2 

d"! i=! i 1!i#!id!

!

Figure i1: iStructure iof ibuck i(Step-Down) iDC/DC ipower iconverter 

 

Based ion ithe ireference ivoltage i(V_ref) iand imeasured ioutput ivolt- iage 

i(V_meas), ithe idiscrete-time iproportional iplus iintegral ivoltage 

icontroller icalculates irequired iduty icycle i(d). 

Infineon i SPICE i MOSFET i model 

SPICE i(“Simulation iProgram iwith iIntegrated iCircuit iEmphasis”) isim- 

iulators iare ithe imost icommonly-used itechnology ifor ianalog icircuit 

isimulation. iTherefore, ias ide-facto iindustrial istandard, imany isemi- 

iconductor imanufacturers idevelop iSPICE imodels iof itheir iproducts ito 

isupport icircuit idesign. 

Infineon’s iportfolio iof iautomotive iqualified iOptiMOS™ ipower iMOS- 

iFETs ioffer ibenchmark iquality iin ia irange ifrom i20V-300V, idiversified 

ipackages iand ian iRds(on) i

down ito i0.55 imΩ. iStructure iof itypical iInfi- 

ineon’s iSPICE imodel iof iMOSFET iis ishown ion iFigure i2. iThis ibehav- iioral 

iMOSFET imodel i[1] idescribes iboth ithe ielectrical iand ithermal 

characteristics iof ithe ipower iswitch. 
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ABSTRACT

DC-DC iconverters iprovide ia imajor icontribution iin itoday's ipower ielectronics iworld. iThey ifind iuse iin imany iapplications

ilike irenewable ienergy iresources iwhich iinclude isolar, iwind, ifuel icell iand iso ion. iRenewable ienergy isources imainly

idepend ion iclimatic iconditions iand iwill ibe ivarying iin inature. iTo iget ia istable iDC ivoltage, iwe ican iuse ivarious ikinds iof

irenewable isources isimultaneously. iAmong ithe idifferent ikind iof iDC-DC iconverters, imultiport iDC-DC iconverter iis ia

ikind iof i DC-DC iconverter iwhich ibecomes ipopular iin iuse ibecause iof iits iefficiency, ireliability, iuse iof iless inumber iof

icomponents, ireduced icost iand ialso idue ito ithe iproduction iof imore inumber iof ioutputs iwith ieither ia isingle iinput ior iby

imultiple iinputs. iBy iusing ia imultiport iDC-DC iconverter iwe i can iobtain idifferent ilevels iof ivoltages ifrom ia isingle

iconverter iitself iwhich ifinds iits iusage iin iapplications ilike ian ielectric ivehicle, irenewable ienergy, ietc. iIn ithis ipaper, ia istudy

iregarding idifferent itopologies iof imultiport iDC-DC iconverters iwith isingle iinput iand imultiple ioutputs iis idiscussed.

iThese iconverters iare icompared iat ithe iend iand itheir iadvantages iand idisadvantages iare ialso iexplained.

KEYWORDS:iVoltageigain,iZeroivoltageiswitching, iCouplediinductor,iMPPT,iSEPICiconverter.

I. INTRODUCTION

Nowadays, iDC-DC ipower iconverters iplay imain irole iin ithe ifield iof ipower ielectronics. iDuring ithe ilast iyears iin i the ipower

ielectronics ifield i& ithe iprogresses imarked iin ithis ifield ipaved ithe iway ifor ithe iprogress iof imultiport iconverter i(MPC)

itopologies i[1]. iThey ihave isingle ior imultiple iinputs i& ioutput iports ito iwhich ipower isupplies i& iloads ican ibe iconnected ias iin

iFigure i1. iThe ibasic icriteria ifor iMPCs iinclude ihigh iefficiency, ireduced isize i& icost. iMPCs iare iwidely idemanded iin

irenewable ienergy iresources i(RES), ielectric ivehicles i(EV) ipersonal icomputers i& iprovides ienergy iflow, ivoltage

iregulation ibetween ivarious iinputs i& ioutputs iwhich imakes ithe iwhole isystem isimpler i& imore icompact iwith ireduced ino. iof

icomponents i[2]. iMPCs imay ibe igrouped ias ithe ifunction iof iinput i& ioutput inumbers ias imulti iinput-multi ioutput i(MIMO),

imulti iinput-single ioutput i(MISO) i& isingle iinput-multi ioutput i(SIMO) iconverters. iSecond iclassification iof iMPCs

iinclude iisolated itype i& inon-isolated itype. iThere iis ino igalvanic iisolation ifor inon-isolated iMPC iwithin idifferent iports i&

idepending ion ithe inumber iof iinductors ithey ican ibe ifurther icategorized iinto isingle iinductor iMPC i(SI-MPC) ior imultiple

iinductor iMPC i(MI-MPC). iMultiport iconverters iwith ionly ione iinput isource ihas ibeen iinvestigated iin ithis istudy ion ithe

ibasis iof ivoltage igain, iduty iratio, iswitching ifrequency, ipower iconversion iefficiency i& ino. iof ipower iswitches iused i[3].

Fig-1: iBasic iblock iof imultiport iconverter i(SIMO iTopology)

II. DUALiOUTPUTiDC-DCiCONVERTER iWITHiFLYBACK iTOPOLOGY

In i[4], ia inovel iintegrated iDC-DC iconverter isection iwhich iproduces ia istep-up ioutput i& ia istep-down ioutput iis idiscussed.

iBoth ithe ioutputs iare iregulated isimultaneously iby iestablishing ia ibetter icontrolling istrategy. i Comparing iwith idiscrete

itype iconfigurations, ihere ithis iconverter iprefers ireduced icount iof iswitches. iFor iboost istage, ithe iconverter ioffers ian

iincreased iboost iratio i& iis iable ito iclamp ithe iswitch ivoltage ispikes. iFor istep-down istage, isteady istate iperformances i& ithe

idynamic iperformances isame ias ithat iof iconventional itype ibuck iconverter
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Article!iInfo! Abstract!
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!

Background ! iand! iObjectives:! iIncreasing! ienvironmental ! iproblems ! ihave! iled ! ito! ithe!

ispread ! iof! iElectric! iVehicles ! i(EVs).! iOne! iof! ithe! iattractive! iresearch! ifields ! iof! ielectric !

ivehicles ! iis ! ithe! icharging! ibattery ! iof! ithis ! istrategic! iproduct.! iElectric! ivehicle! ibattery !

ichargers ! ioften! ilack! ibidirectional ! ipower! iflow! iand ! ithe! iflexibility ! ito! ihandle! ia! iwide! irange !

iof! ibattery! ivoltages.! iThis ! istudy ! iproposes ! ia! inon-isolated ! ibidirectional ! iDC-DC! iconverter !

iconnected! ito! ia! iT-type! iconverter! iwith! ia! ireduced ! inumber! iof! iswitches ! ito! isolve! ithis!

ilimitation.!

Methods:! iThe! iproposed ! iconverter! iuses ! ia! iDC-DC! iconverter! ithat ! ihas ! ian! iinterleaved !

istructure! ialong! iwith ! ia! ithree-level! iT-type! iconverter! iwith! ia! ireduced ! inumber! iof! iswitches !

iand! ia! icommon! iground ! ifor! ithe! iinput ! iand! ioutput ! iterminals.! iSpace! ivector! ipulse! iwidth !

imodulation ! i(SVPWM)! iand! icarrier! ibased ! isinusoidal ! ipulse! iwidth ! imodulation ! i(CBPWM) !

icontrol! ithe! iconverter! ifor! iVehicle! ito! igrid! i(V2G)! iand ! igrid! ito! iVehicle! i(G2V)! ioperation, !

irespectively.!

Results:! iTheoretical! ianalysis ! ishows ! i96.9%! iefficiency ! ifor! i15.8kW! ioutput ! ipower! iand!

i3.06%! iTHD! iduring! icharging! iwith! ilow! ibattery! ivoltage! iripple.! iIn! iV2G! imode,! iit! iachieves ! ian!

iefficiency! iof! i96.5%! iwhile! iinjecting! i0.5! ikW! iof! ipower! iinto ! ithe! i380! iV! i50! iHz! igrid.! iThe! iDC! ilink!

ivoltage! iis ! istabilized.! iThe! iproposed ! iconverter! ialso ! iprovides ! igood ! iperformance! ifor! ia!

iwide!irange!iof!ibattery !idevelopment.!

Conclusion: ! iThe! iproposed ! iconverter! ioffers ! ihigh ! iefficiency ! iand! icost! ireduction. ! iIt!

iprovides ! ithe! ipossibility ! iof! icharging! ia! iwide! irange! iof! ibatteries ! iand! iprovides ! iV2G! iand ! iG2V !

ipower! iflow! iperformance.! iThe! iproposed ! iconverter! iis! icapable! iof! ibeing! iplaced! iin! ithe! ifast!

ibattery! icharging! icategory.! iThe! iability ! ito! icharge ! itwo! ibatteries ! imakes ! iit! ia! isuitable !

ioption !ifor!icharging!istations.!

!

Keywords:!
Electric!ivehicle!

iBattery!icharger!

Non-isolated!ibidirectional!idc-!idc!

iconverter!

T-type!ithree-level!iconverter!

iCharging!istation!

!

!

!

!

!

Introduction!

Electric! ivehicles ! i(EV)! iplay ! ian! iimportant! irole! iin !

itransportation ! iand! iautomotive! irelated ! imarkets.! iThe !

iexpansion ! iof! ielectric! ivehicles ! i(EVs)! iis ! ian! iongoing! itrend ! iin!

itoday�s! isociety,! iwith! ithe! iEV! imarket! igrowing! iat! ia! ivery! ifast! irate!

i[1].! iTherefore, ! ito! ifully! iemploy ! ithe! ipotentially ! igreat! inumber !

iof! iEVs,! iproper! icharging! iinfrastructure! iis ! ia! inecessity ! i[2]. ! iThis !

iis ! iespecially! icrucial! iin! iterms ! iof! ithe! iability ! ito! icharge! ithe! iEVs !

irapidly, ! ie.g.,! ion! ihighways,! iwhere! ithe! i utilization ! i of! i highly-

performant! i fast! i and! i ultra-fast!

charging! istations ! iis ! irequired.! iThere! iis ! ia! ilarge! ivariety ! iof !

iapproaches ! ithat ! ican ! ibe! iemployed ! ito! iconstruct! ifast! icharging !

istations ! ithat! idiffer! iin ! ithe! ivoltage! ilevels,! ithe! ipresence! iof !

iadditional ! ibattery! ienergy ! istorage,! ias ! iwell! ias ! ithe! igrid !

istructure! i(unipolar ! ivs.! ibipolar)! i[3],! i[4].! iHere,! ian! iEV! icharging !

isystem! iwith! ia! ibipolar! iDC! igrid! iwith ! i+/-! i750! iV! iand! iextra! ibattery!

ienergy! istorage! iis ! iconsidered, ! ias ! isuch! ia! isystem! iis ! iconsidered !

iadvantageous ! icompared ! ito! imore! iconventional ! iapproaches !

i[5]-[7].! iIncreasing! idemand ! iin! ithe! itransportation ! iindustry !

iwith! ielectric! ivehicles ! irequires ! ia! isuitable! icharging!

iinfrastructure!ifor!ithis !idemand.!
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Abstract: iThis iresearch ion icascade iH-Bridge i multilevel iinverter iin ithese idays ifor ivarious isectors igoes ion irapidly idue i to iits

isystematic ioperation. iThis ipaper iproposes ia iharmonic iminimization iin idistribution inetwork iby iusing ipower iconverter. iThis

iproject ideals isimulation iand iexperimentation iof i7-level iinverter. iIt ipresents i7-level iinverter iwith iharmonics ireduction ialong

iwith ithe ireduction iin inumber iof iswitches. iThe ipercentage i(%) itotal iharmonic idistortion iis icalculated ifor i7-level iinverter. iA

istandard icascade imultilevel iinverter irequires in iDC isources ifor i2n i+ i1 ilevel. iThe ifunctionality iverification iof ithe i7-level iinverter iis

idone iusing iMATLAB iand iHARDWARE. iThe iresult iof isimulation iis iverified iby iexperimentation. iThe iharmonic icomponents iof

ithe ioutput ivoltage iand iswitching ilosses ican ibe idiminished iconsiderably.

Keyiwords: iHarmonic, iinverter, ivoltage,iDciSource.

I. INTRODUCTION

Tremendous iindustrial iapplications ihave iinitiated iusing ihigh

ipower iconversion itenders iin irecent idecades. iNearly ilow iand

imedium ivoltage imotor idrives iand iefficacy iapplications

irequire ilow, imedium ivoltage iand ihigh ipower ilevel ifor ia

imedium ivoltage igrid; iit iis iworrying ito iconnect idirectly ia isingle

iswitch. iAs ia iresult, imultilevel ipower iconverter i(both irectifiers

iand iinverters), ihas ibeen iintroduced ias ian ialternative iin ihigh

ipower iand imedium ivoltage isituations.

The imodel iof imultilevel iinverters ihas ibeen iintroduced i later

i1975. iThe iterm imultilevel istarts iwith ithe ithree ilevel iinverters.

iMultilevel iinverters iinclude ian iarray iof ipower isemiconductors

iand icapacitor ivoltage isources, ithe ioutput iof iwhich igenerates

ivoltages iwith istepped iwaveforms iwith iless idistortion, iless

iswitching ifrequency, ihigher iefficiency, ilower ivoltage idevices

iand ibetter ielectro-magnetic icompatibility. iA imultilevel

iinverter inot ionly iarchives ihigh ipower iratings, ibut ialso ienables

ithe iuse iof irenewable i energy isources. iRenewable ienergy

isources isuch ias iphoto ivoltaic, iwind iand ifuel icells ican ibe ieasily

iinterfaced ito ia imultilevel iinverter i(converter) isystem ifor ia ihigh

ipower iapplication. iThe imultilevel ipower iconverters ican ibe

ireferred ias ivoltage isynthesizers iin iwhich ihigh ioutput ivoltage iis

isynthesized ifromimanyidiscrete ismaller ivoltages ilevels.

The iadvantage iof imultilevel iconverters iwhen icompared ito

iother iconverters ican ibe ilisted ias ifollows: ithey ican igenerate

ioutput ivoltages iwith iextremely ilow idistortion iand ilower

i(dv/dt), ithey idraw iinput icurrent iwith ivery ilow idistortion, ithey

ican ioperate iwith ia ilower iswitching ifrequency, itheir iefficiency

iis ihigh i(>98%) ibecause iof ithe iminimum iswitching ifrequency,

ithey iare isuitable ifor imedium ito ihigh ipower iapplications,

imultilevel iwaveform inaturally ilimits ithe iproblem iof ilarge

ivoltage itransients. iThe iselection iof i the ibest imultilevel

itopology ifor ieach iapplication iis ioften

not iclear iand iis isubject ito ivarious iengineering itradeoffs. iThe

idifferent imultilevel itopologies iare, iDiode-clamped imultilevel

iinverter, iCapacitor-clamped imultilevel iinverter iand

iCascaded imultilevel iinverter.

II. KINDS iOFiMULTILEVELiINVERTER

1. DiodeiClamped iMultileveliInverter

The ifirst ipractical imultilevel itopology iis ithe ineutral ipoint

iclamped iPWM itechnology ifirst iintroduced iby iNabe.etal iin

i1980. iFor im-level iinverter, idc ibus ivoltage iis isplits iinto i‗m‘

ilevels iby i(m-1) iseries iconnected ibulk icapacitors. iHere, idiodes

iclamp ithe iswitch ivoltage ito ihalf ithe ilevel iof ithe idc ibus ivoltage,

iwhich iis ian iadded iadvantage iof ithis itype. iThis imultilevel

iinverter ihas isome idisadvantages ithan ithe icascade imultilevel

iinverter. iBut iit ihas isome iadvantages ias ifollows. iThis imultilevel

iinverter iis idifficult icompare ithan icascade imultilevel iinverter.

iExcessive iclamping idiodes iare irequired iwhen ilevels iare ihigh.

iThe iissue iof imaintaining i the icharge ibalance iof ithe icapacitors

iis istill ian iopen iissue ifor iNPC itopologies iwith imore ithan ithree

ilevels.

2. Flying iCapacitoriMultileveliInverter

This itopology iwas ifirst iproposed iin i1992 iand iis iconsidered ito ibe

ithe iserious ialternative ito ithe idiode iclamped i topology. iIn

iaddition ito iimproving ithe iwaveform iquality, ithese imultilevel

iinverters isubstantially ireduce ivoltage istress ion ithe idevices.

iHowever iin ithis itype iof iinverters ithe irequired ivoltage iblocking

icapabilities iof ithe iclamping idiodes iat ihigher ilevels iis ihigh. iSo

ian ialternative imultilevel istructure iwhere ithe ivoltage iacross ian

iopen iswitch iis iconstrained iby iclamping idiodes ihas ibeen

iproposed iby iMeynard. iThese iinverters iare icommonly iknown

ias iflying icapacitor. iThis imakes ithe itopology iattractive ieven ifor

ithe idc/dc iconversion. iAt ithe ipresent itime iit iseems ithat ithis

itopology ihas ifew iadvantages ilike: iLarge iamount iof i storage

i capacitors i can i provide i capabilities i during i power
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Abstract 

The iquasi-Z-source iinverter i(qZSI) iwith  ithe iproposed  ibattery  ioperation  ican  ibalance ithe iturbulence iof iphotovoltaic i(PV) ipower iinjected ito  

ithe iload ias iin ithe iexisting  itopology,  ibut iovercomes ithe ilimitations iin ithe irating,  isize iand ilife iof ibattery. iThis ipaper iproposes ia inew itopology 

ithat iis ioptimized  ifor ioff igrid iapplications.  iThe icharacteristics iof ithe iproposed  iidea iare ianalyzed  iin i detail. iIn ithe iproposed  imodel, ivoltage 

iboost iand iinversion  iare iintegrated iin ia isingle-stage iinverter. iA iprototype iis ibuilt ito iexperiment ithe iproposed  icircuit  iand ito itest ithe icontrol 

imethods. iThe iresults iobtained  iare iverified iwith  ithe itheoretical ianalysis iand iproves ithe ieffectiveness iof ithe iproposed  icontrol iof ithe 

iinverter’s iinput iand ioutput ipower iand  ibattery  ipower. iThe iPV ipanel iand ienergy-stored  iqZSI, isetup iused iin ithe iexperiment idemonstrates  

ithree ioperating  imodes ithat imake iit isuitable ifor ioff igrid iapplications. 

 

 

1. Introduction 

The irapidly  iincreasing  ienvironmental idegradation  iacross ithe iglobe iis iposing  ia imajor  ichallenge ito idevelop 

icommercially  ifeasible ialternative  isources iof ielectrical ienergy  igeneration.  iThus, ia ihuge iresearch  ieffort iis ibeing  iconducted 

iworldwide ito icome iup iwith ia isolution  iin ideveloping  ian  ienvironmentally  ibenign  iand ilong-term isustainable isolution  iin ielectric 

ipower  igeneration. iThe imajor iplayers iin irenewable ienergy  igeneration  iare iphotovoltaic i(PV), iwind  ifarms, ifuel icell, iand 

ibiomass. 

 

These idistributed  ipower  igeneration  isources iare iwidely  iaccepted  ifor imicro  igrid  iapplications.  iHowever, ithe 

ireliability  iof ithe imicro igrid  irelies iupon ithe iinterfacing  ipower  iconverter.  iThus ithe iproper ipower  iregulation  ifrom ithe 
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Abstract—

Nowadays, iuse iof iconventional ivehicles iis iincreasing irapidly, iwhich icause ito irise ipollution iand idangerous

ienvironmental ieffects. iHence, iElectric ivehicle icomes iinto ia ipicture, ibecause ithey iruns ion ino ior ivery iless ifuel. iThis ivehicle

itotally iruns ion ibattery, iso ibattery icharger isystem ishould ibe ifast iand iwork ieffectively. iSo, ihere iin iour ipaper iwe ihave iuse

iboost iconverter ito icharge iour ibattery. iAlong iwith ithis iwe ihave ialso iused irectifier icircuit, iCT, iPT, imicro-controller. iWe

iused iboost iconverter ibecause iit iis ichip iand iboost ioutput ivoltage ithat’s iwhy iefficiency iof ibattery icharger iincreases. iHere,

iwe itry ito imaintain ipower ifactor iat iAC iside inear ito iunity ithat’s iwhy ilosses iin isystem idecreases iand iultimately iefficiency

iincreases. iSimulation iin ithe ipaper ishows ithe ipractical ioutput iof iour itopic, iwhich iis inearly iunity iand ioutput iwaveform iis

ialmost iripple ifree. iSo, iwe iget ialmost iDC iwave ifor ibattery icharging.

Keywords— iElectric ivehicles i(EV), iProportional iIntegral iDerivative i(PID), iMetal iOxide iSemiconductor iField iEffect

iTransistor i(MOSFET, iBoost iconverter, iComparator, i Power iFactor iCorrection i(PFC).

INTRODUCTION

Emerging itrends iin ivehicles inowadays ihave icreated ihuge iprogress iin ia ifield iof iautomobiles, ibut irapid iincrease iin ia inumber iof

iconventional ivehicles ileads ito iincrease iin ipollution iand ialso iuse iof ifuel. iThis iboth ifactors ihave ivery iharmful iand idangerous ieffect

ieconomy ias iwell ihealth itoo. iSo ito iovercome iall ithese ichallenges ithere iis ia iinvention iof iElectric iBattery ivehicle. iElectric ivehicle

iincludes iElectric- ilorries, ielectric itrains, ielectric icars, iElectric-trucks. iBattery iis ivirtual isoul ior iheart iof iEV. iThe idesign iof ithe

ibattery ishould ibe isuch ithat iit ishould iable ito icharge iitself ifast iand iWork iefficiently iE iV ihas izero ifuel iemission. iEV iworks ion ivery iless

ior ino ifuel, iso iit iis ia igreen ienergy. iEV iruns ion ibattery iso ithe ibattery ineeds ito icharge idaily. iHence iwe ineed iefficient ias iwall ias ifast

ibattery icharger. iHence ithis itopic icomes iinto ia ipicture.

Here itransformer ito istep idown ithe ivoltage iof i230v ito i12v. iWe ihave iuse irectifier ito iconvert i AC-DC ias ibattery ineeds iDC isupply.

iCapacitors iare ialso iused ihere ias ia ifilter ito iremove ithe idistortions iin ia isignal. iAnd idue ito ithis iEV ibattery ichargers ihave ivery ihigh

iefficiency. iHere iwe ihave iused ia iBoost iconverter ibecause iit iis ithe icost-effective iand imost ireliable isolution ifor iboth iinput icurrent

ishaping icapability iand ivoltage iregulation. iBoost iconverter iis iDC-DCtype iof iconverter.

Whichiisiuseditoistepiupitheivoltage iatitheioutputiside.

BLOCKiDIAGRAMiANDiWORKING

The iBlock idiagram ifor ithe iproposed iwork iis ishown iin ithe ibelow ifigure i(3) ithis iproject iconsists iof ithree imain icircuitsthose icircuits

iare:
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Abstract— iThe iproposal iof ithis iproject iaddresses ithe ireactive ipower 

igeneration  iof ioffshore iwind iparks iusing idouble ifed iinduction 

i generators i (DFIG)  i connected i to i the i main i grid iwith ilong 

icables. iDuring isteady  istate ioperation,  ireactive ipower ican ibe 

igenerated  iwith iminimum  ipower iloss iof iwind ienergy  isystem iwhile 

imeeting  ithe igrid icode irequirement. iDuring  igrid idisturbance, ithe 

iwind ipower igenerators ihave ito iprovide ivoltage isupport iby iincreasing 

ireactive icurrent isupply. iDFIG iare ithe imachines iof ichoice ifor ilarge 

iwind iturbines. iThe idoubly  ifed iinduction igenerator isystem iis 

iinvestigated  ias iviable ialternative ito iadjust ispeed iover ia iwide irange 

iwhile ikeeping  icost iof ithe ipower iconverters iminimal.  iDecoupled 

icontrol iof iactive iand ireactive ipower ican ibe irealized iusing  ithe idynamic  

imodel iof ithe iDFIG. iThe imodeling  iand icontrol iof iDFIG iand ithe 

isimulation  iwas idone iin iMATLAB iSimulink  ienvironment iand ithe 

iresults iare iverified. 

Keywords—Double ifed iinduction igenerator,  iWind iturbine, iGrid 

ifault,  iReactive ipower igeneration. 
 

 

I. INTRODUCTION 

lectrical i power  i can i be  i alternatively  i generated  i by 

i renewable i energy. i There i are i various i renewable i energy  

isources i available i and i one i of i the i well i advanced  i sources i is 

iwind  i energy  i also i commonly  i used  i for i generating  i electrical 

ipower.  iWind ienergy  iis iconverted  iinto  ielectrical ipower  iusing  iwind 

iturbine  i(WTs) iand iit ican ibe ioperated  iat ieither ifixed  i(or)  ivariable 

ispeed. iThe igenerated  iof ithe ifixed  iand ivariable ispeed iwind 

i turbines i are i controlled i by i electrical  i grid  i and i power 

electronic  iequipment irespectively. 

The iVariable ispeed iwind iturbines iare imost icommonly  iused  

ibecause iit i has icharacteristics iof i noise ireduction, iactive iand 

ireactive ipower  icontrol iand ireduction  iof  imechanical i[8]. 

In i recent i years, i for i large i wind i turbines i double-fed 

iinduction  igenerators iare imostly iused  iby iindustries. iDouble- ifed  

iinduction  igenerator  ihas ithe iadvantage  iof ihandling  ifraction  i(20-

30%) iof ithe itotal ipower  iby iits ipower  ielectronic  i equipment, iwhich  

imade iits ivery  ipopular. 

In idirect-driven  isynchronous igenerator  ithe ipower  ielectronic 

iequipment ihas ito ihandle ithe itotal isystem  ipower  iso ithe ilosses iin iits 

ipower  ielectronic iequipment ican ibe ihigher  ithan  ithe idouble- ifed 

iinduction  igenerator. 

 

 

Fig.1. iWind iturbine ibased iDFIG. 

So, ithe imain  iobjective iof ithis ipaper iis 

§ To istudy  ireactive ipower  iperformance  iof ithe iDFIG iunder 

isteady istate iand itransients iconditions. 

§ DFIG ioperation  ifor ivariable ispeed  iand iits icorresponding 

icapacity itowards ithe ireactive  ipower  icontrol. 

In  ithis ipaper ipresents ireal iand ireactive  ipower  icontrol iof iDFIG 

iduring  inormal iand ifaulty iconditions.  iIntegration  iof iwind ienergy 

iinto  i existing  ipower  i systems ileads ito i various ipower iquality 

iproblems.  iDuring  igrid  ifaults iDFIG ican iable ito iinject ireactive 

ipower  ito ithe igrid. 

 

II. DOUBLE iFED iINDUCTION  iGENERATOR 

The iA istandard  idouble ifed  iinduction  igenerator  iconsists iof iwound 

irotor  iinduction  imachine iand iIGBT-based iPWM iconverter.  iThe 

istator iand irotor i windings iof ithe idoubly  ifed iinduction igenerator iis 

iconnected  ito ithe i50Hz igrid  ithrough  iAC/DC/AC iconvertor 

iconnected  ito irotor iwinding  iand iDC/AC iconverter  iconnected ito 

igrid  iis icalled igrid  iside iconvertor. 

The imain  iapplication  iof idouble-fed  iinduction  igenerator  i(DFIG)  iis 

ithe ihigh-power  iwind iapplication.  iDFIG ihas ian  iadvantage iof 

icontrol irotor  icurrent iflows iwhich  ileads ito itwo imain  ifunctions 

inamely  ireactive ipower  icontrol iand  i variable ispeed ioperation.  iBy 

ithis i featured  iit ican iworks iat ithe i wide irange iof ithe iwind ispeeds 

iwith imaximum  iefficiency. iThe  iAC/DC/AC iconversion  iis 

inormally  iPWM iconvertors,  iwhich  ireduces ithe i harmonics, 

ipresent iin i the i wind iturbines idriven  iDFIG isystem iusing 

isinusoidal iPWM itechnique.  iHere i Crotor irepresents irotor  iside 

iconvertor  iand iCgrid i represents igrid  iside iconvertor.  iThe ispeed iof 

ithe iwind iturbine ican ibe icontrolled  iby ielectronic icontrol i(or)  igear 

iboxes. 

E 
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ABSTRACT

DC-DC iconverters iprovide ia imajor icontribution iin itoday's ipower ielectronics iworld. iThey ifind iuse iin imany iapplications

ilike irenewable ienergy iresources iwhich iinclude isolar, iwind, ifuel icell iand iso ion. iRenewable ienergy isources imainly idepend

ion iclimatic iconditions iand iwill ibe ivarying iin inature. iTo iget ia istable iDC ivoltage, iwe ican iuse ivarious ikinds iof irenewable

isources isimultaneously. iAmong ithe idifferent ikind iof iDC-DC iconverters, imultiport iDC-DC iconverter iis ia ikind iof i DC-

DC iconverter iwhich ibecomes ipopular iin iuse ibecause iof iits iefficiency, ireliability, iuse iof iless inumber iof icomponents,

ireduced icost iand ialso idue ito ithe iproduction iof imore inumber iof ioutputs iwith ieither ia isingle iinput ior iby imultiple iinputs. iBy

iusing ia imultiport iDC-DC iconverter iwe i can iobtain idifferent ilevels iof ivoltages ifrom ia isingle iconverter iitself iwhich ifinds

iits iusage iin iapplications ilike ian ielectric ivehicle, irenewable ienergy, ietc. iIn ithis ipaper, ia istudy iregarding idifferent

itopologies iof imultiport iDC-DC iconverters iwith isingle iinput iand imultiple ioutputs iis idiscussed. iThese iconverters iare

icompared iat ithe iend iand itheir iadvantages iand idisadvantages iare ialso iexplained.

KEYWORDS:iVoltageigain,iZeroivoltageiswitching, iCouplediinductor,iMPPT,iSEPICiconverter.

I. INTRODUCTION

Nowadays, iDC-DC ipower iconverters iplay imain irole iin ithe ifield iof ipower ielectronics. iDuring ithe ilast iyears iin i the ipower

ielectronics ifield i& ithe iprogresses imarked iin ithis ifield ipaved ithe iway ifor ithe iprogress iof imultiport iconverter i(MPC)

itopologies i[1]. iThey ihave isingle ior imultiple iinputs i& ioutput iports ito iwhich ipower isupplies i& iloads ican ibe iconnected ias iin

iFigure i1. iThe ibasic icriteria ifor iMPCs iinclude ihigh iefficiency, ireduced isize i& icost. iMPCs iare iwidely idemanded iin

irenewable ienergy iresources i(RES), ielectric ivehicles i(EV) ipersonal icomputers i& iprovides ienergy iflow, ivoltage

iregulation ibetween ivarious iinputs i& ioutputs iwhich imakes ithe iwhole isystem isimpler i& imore icompact iwith ireduced ino. iof

icomponents i[2]. iMPCs imay ibe igrouped ias ithe ifunction iof iinput i& ioutput inumbers ias imulti iinput-multi ioutput i(MIMO),

imulti iinput-single ioutput i(MISO) i& isingle iinput-multi ioutput i(SIMO) iconverters. iSecond iclassification iof iMPCs

iinclude iisolated itype i& inon-isolated itype. iThere iis ino igalvanic iisolation ifor inon-isolated iMPC iwithin idifferent iports i&

idepending ion ithe inumber iof iinductors ithey ican ibe ifurther icategorized iinto isingle iinductor iMPC i(SI-MPC) ior imultiple

iinductor iMPC i(MI-MPC). iMultiport iconverters iwith ionly ione iinput isource ihas ibeen iinvestigated iin ithis istudy ion ithe ibasis

iof ivoltage igain, iduty iratio, iswitching ifrequency, ipower iconversion iefficiency i& ino. iof ipower iswitches iused i[3].

Fig-1: iBasic iblock iof imultiport iconverter i(SIMO iTopology)

II. DUALiOUTPUTiDC-DCiCONVERTER iWITHiFLYBACK iTOPOLOGY

In i[4], ia inovel iintegrated iDC-DC iconverter isection iwhich iproduces ia istep-up ioutput i& ia istep-down ioutput iis idiscussed.

iBoth ithe ioutputs iare iregulated isimultaneously iby iestablishing ia ibetter icontrolling istrategy. i Comparing iwith idiscrete

itype iconfigurations, ihere ithis iconverter iprefers ireduced icount iof iswitches. iFor iboost istage, ithe iconverter ioffers ian

iincreased iboost iratio i& iis iable ito iclamp ithe iswitch ivoltage ispikes. iFor istep-down istage, isteady istate iperformances i& ithe

idynamic iperformances isame ias ithat iof iconventional itype ibuck iconverter
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Abstract: iIn ithis ipaper ia iMaximum iPower ipoint i(MPP) itracking 

isystem iis ideveloped  iusing  idual-axis iDC imotor ifeedback  itracking 

icontrol isystem. iAn iefficient iand  iaccurate iDC imotor isystem iis iused  ito 

iincrease ithe isystem  iefficiency  iand  ireduces ithe  isolar icell isystem icoast. 

iThe isuggested iautomated iDC imotor icontrol isystem ibased ion ithe 

iphotovoltaic i( iPV i) imodules ioperated  iwith ithe iμ-microcontroller. 

i This iservo isystem iwill itrack ithe isun  irays iin iorder ito iget iMPP iduring 

ithe iday iusing  idirect iradiation.  iA iphotometric icell iis iused  ito isensor ithe 

idirect isun iradiation iand  ito ifeed ia isignal ito ithe iμ imicrocontroller iand 

ithen iselect ithe iDC imotor imechanism ito ideliver ioptimum ienergy. iThe  

iproposed  isystem iis idemonstrated ithrough  isimulation iresults. iFinally, 

iusing  ithe iproposed  isystem ibased ion imicrocontroller, ithe isystem iwill 

ibe imore iefficient, iminimum icost, iand  imaximum ipower itransfer iis  

iobtained. 

Keywords: iDC imoto, iLDR i, iMPPT,  iµ-controller, iPhotovoltic 

 

I. INTRODUCTION 

PV icells iare imade iof isemiconductor  imaterials, isuch  ias isilicon. 

iFor  isolar icells,  ia  ithin isemiconductor  iwafer iis  ispecially  itreated  ito 

iform  ian ielectric ifield, ipositive ion ione iside iand inegative ion ithe 

iother.  iWhen  ilight ienergy  istrikes ithe isolar icell, ielectrons iare  

iknocked  iloose ifrom  ithe iatoms iin  ithe isemiconductor  imaterial. iIf  

ielectrical iconductors iare iattached  ito ithe ipositive iand inegative  

isides, iforming  ian ielectrical icircuit, ithe ielectrons ican ibe icaptured  

iin  ithe iform  iof ian ielectric icurrent  iand igenerate ielectric ipower.  

iThis ielectric ipower  ican ithen  ibe iused  ito ipower  ia iload  i[1-3]. iA iPV  

icell ican  ieither ibe icircular  ior isquare  iin iconstruction.  iThe ipower  

ithat ione imodule ican iproduce iis inot isufficient ito imeet ithe  

irequirements iof ihome ior ibusiness.  iMost iPV iarrays iuse ian  

iinverter  ito iconvert ithe iDC  ipower  iinto ialternating  icurrent i that 

ican  isupply  iloads isuch  ias imotors,  ilights ietc. iThe i modules iin ia  iPV  

iarray  iare iusually  ifirst  iconnected  iin iseries  ito iobtain  ithe idesired  

ivoltages; ithe iindividual imodules iare ithen  iconnected  iin iparallel ito 

iallow ithe isystem ito iproduce  imore  icurrent i[4]. iThe idifferent iPV  

isystem  iconfigurations iare idisplayed  iin iFigure i1. iPhotovoltaic  

i(PV)  icells iare ibasically itransducers ithat idirectly  iconvert isolar  

ienergy  iinto i electrical ienergy. iThe iphysics ibehind  isuch  icells iis  

isimilar  ito ithat iof i the ibasic ip-n i junction  i[6, i7]. iIt ifollows ithat ian 

iappropriate  imodel iof ithe iPV  icell ishould  ibe iable ito i predict iits  

ielectrical icharacteristics iunder  idifferent iirradiance  iand  

itemperature  ilevels. 

Most iof ithe iwidely  iused  imodels iof iPV icells ifollow ithe 

iequivalent icircuit iapproach  iwhere ia iPV icell iis irepresented  i by ian 

iequivalent icircuit ithat iconsists iof ione ior itwo idiodes i [6,  i8, i9]. 
 

Figure i1: iPhotovoltaic isystems i[5] 

A isimple iand ipopular  imodel iof ithe iPV icell iis ithe ione irepresenting 

iit iwith ian i equivalent icircuit iconsisting  iof ia isingle idiode i[10-12]. 

iIn isuch  ia imodel, ithe iohmic ilosses i can ibe itaken  iinto 

iconsideration  iby iincluding  ia iseries iresistance iand/or  ia ishunt 

i resistance. iWhen  iboth  ithe iseries iand ishunt iresistances  iare 

iconsidered,  ithe imodel iof  ithe i PV icell, iwhich  iis ishown  iin iFigure i2 

i(a), irequires icomputation  iof ifive iparameters iin  iorder  i to 

iestablish ithe icurrent-voltage  irelationship  ithat icharacterizes ithe 

icell i[13].  iThe inumber i of iparameters ibecomes ifour  iwhen  ionly 

ithe iseries iresistance iis itaken  iinto  iconsideration i [5, i14-17]. iThe 

ifour  iparameters imodel iis ishown  iin iFigure i2 i(b). iAn  iattractive 

ifeature iof ithe iaforementioned  imodels iis ithat imost iof ithe 

icalculations ionly irely  ion  ithe idata iprovided  iby ithe imanufacturer. 

iAnother  iimportant ifeature  iis ithe ifact ithat ithese imodels ican ibe 

iused  iin irepresenting  ia isingle icell, ia imodule iof iconnected icells, ior 

ieven  ian iarray  iof imodules.  i The isingle idiode imodel iis i suitable ifor 

isystem-level idesigns.  iHowever, iexperiments irequiring  ihigh 

iaccuracy  iat ithe iexpense iof icomplication  ican iuse imore 

icomplicated  imodels isuch  ias ithe itwo  idiodes imodel i[11,  i18]. 
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This research propose the design and execution of an Adaptive Neuro-Fuzzy Inference System 

(ANFIS) controller for a hybrid power generating system that combines solar and wind energy 

sources with a bidirectional Voltage Source Converter (VSC). The suggested system seeks to 

improve power quality, optimize energy usage, and provide uninterrupted bidirectional power flow 

among renewable sources, the load, and the grid. The ANFIS controller integrates the learning 

abilities of neural networks with the decision-making skills of fuzzy logic, allowing it to 

dynamically adjust to changing renewable energy inputs and diverse load circumstances. The 

bidirectional VSC enables efficient energy transfer with the grid, provides reactive power 

correction, and maintains voltage stability. The simulation findings illustrate the efficacy of the 

ANFIS controller in attaining rapid response, little harmonic distortion, and stable operation, 

establishing it as a formidable option for contemporary renewable energy systems. Below, we 

propose the ANFIS controller for regulating generation and grid. The primary purpose is integrated 

application of renewable energy concepts and control systems for the qualitative and measurable 

improvement of electrical power generated from solar and wind resources. The power produced 

from basic solar and wind resources is typically at a particular level. Yet the addition of solar and 

wind sources and control systems will definitely be extra in quantity and by the application of power 

digital converters, the power generated will be a lot more efficient.  

Keywords: ANFIS, PV, Wind, Dc-Dc converter, Grid, BtB.  

 

 

1. Introduction 

1) The importance of renewable resource sources is growing rapidly in the modern world. 

Since these sources will undoubtedly produce much less air pollution than other conventional 

(non-renewable) energy sources, their use is generally encouraged. When weighed against 

traditional energy sources, non-conventional ones consistently come out on top when it comes 

to cost savings, reduced contamination levels, fuel preservation, maintenance requirements, 

and simple disposal of old gas. But because of their cyclical nature, they can't be there 

whenever you need them. The use of such resources to meet the need for energy supply 
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Abstract— Wind energy plays a crucial role in the global 

pursuit of sustainable and renewable energy sources.  The need 

for wind energy is driven by its environmental benefits, economic 

advantages, job creation potential, and its role in diversifying the 

energy mix towards a more sustainable and resilient future. Solar 

energy is a critical component of the global shift towards 

sustainable and renewable energy sources. The need for solar 

energy is driven by its sustainability, environmental benefits, 

economic viability, job creation potential, and its role in 

diversifying the energy mix towards a cleaner and more 

sustainable future. Designing and controlling a Solar-Wind 

Integrated Conversion System with a Doubly Fed Induction 

Generator (DFIG) involves combining both solar and wind 

energy sources to generate electricity, and utilizing a DFIG as a 

key component in the power conversion process. Power 

conversion from solar and wind sources for a home user is 

essential for several reasons, contributing to the advancement of 

sustainable and decentralized energy systems. Power conversion 

from solar and wind to home users is critical for promoting 

sustainability, reducing reliance on traditional energy sources, 

lowering costs, and contributing to a more resilient and 

environmentally friendly energy infrastructure. It aligns with the 

global transition towards cleaner and decentralized energy 

systems. 

Keywords— Rotors, Doubly fed induction generators, 

Mathematical model, Generators, DFIG, boost converter. 

I. INTRODUCTION 

The idea behind solar power generation is to harness the 

energy from the sun and convert it into usable electricity. This 

process primarily involves the use of solar photovoltaic (PV) 

cells or solar thermal systems. While the initial investment in 

solar infrastructure can be significant, the long-term benefits, 

including reduced operating costs and environmental 

advantages, make solar power an increasingly attractive option 

for electricity generation. This method uses mirrors or lenses to 

concentrate sunlight onto a small area, usually a receiver. The 

concentrated sunlight is used to generate heat, which is then 

used to produce steam and drive a turbine connected to a 

generator. Different solar thermal technologies exist, such as 

parabolic troughs that focus sunlight along a line, solar towers 

where sunlight is focused on a central receiver at the top of a 

tower, and dish-Stirling systems that use a parabolic dish to 

concentrate sunlight onto a small receiver. Electricity is 

generated by solar power without releasing carbon dioxide or 

other air pollutants or greenhouse gases into the atmosphere. It 

lessens the environmental damage caused by conventional 

fossil fuel-based power generation and helps to slow down 

climate change. Solar energy systems have a low carbon 

footprint compared to conventional energy sources. Using solar 

power helps reduce overall greenhouse gas emissions, 

contributing to efforts to combat global warming [1-2]. 

This enhances energy security for countries and reduces 

vulnerability to geopolitical uncertainties. Once installed, solar 

photovoltaic (PV) systems have relatively low operating and 

maintenance costs. With no fuel costs and minimal ongoing 

expenses, solar power becomes economically competitive, 

especially as technology costs continue to decline [3]. The solar 

industry creates jobs in manufacturing, installation, operation, 

and maintenance of solar power systems. This job creation 

stimulates economic growth and supports the transition to a 

more sustainable energy economy [4].  

Solar power can be utilized for off-grid applications, 

providing electricity in remote or rural areas where traditional 

power infrastructure is unavailable or impractical. It helps 

bridge the energy access gap. Ongoing research and 

development in solar technology continue to improve 

efficiency, reduce costs, and enhance the overall performance 

of solar power systems. Innovations include advanced 

materials, higher efficiency solar cells, and improved energy 

storage solutions. Advances in energy storage technologies 

supplying electricity during periods of high demand [5-6].  
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