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ABSTRACT

Theelectricalenergyisconsideredasthemainresourceforthedevelopmentofcountries.Asthere
are several sourcesof renewableenergy, the solar energy isoneof thegreenenergies,which is
imperishable.Alotofresearchershavebeenworkingontheimprovementoftheefficiencyofsolar
photovoltaicpanelsinordertogeneratemoreelectricalpower.Trackingthesunpositionisasolution
toincreasethepowerproducedbyphotovoltaicpanels.Referringtosomemeasurements,theparallel
orientationofthephotovoltaicpanelswiththesunraisestheproducedpowerbymorethan40%.This
articleaimsfirsttocontroltheirpositiontotrackthesunduringtheday.Thecontrolsystemisbased
onaninductionmotorcontrolledbytheDirectToqueControl(DTC)approach.Toovercomethe
conventionalDTCdrawbacks,arobustDTC-SVMbasedonslidingmodecontrollersisthesecond
contributioninthisarticle.ThesimulationresultsdemonstratethattherobustDTC-SVMwithsliding
modecontrollersoffersthebestresultsintermsofripplescomparedtoconventionalDTCapproaches.
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1. INTRODUCTION

Thesun-trackingsystemisanimportantpartinthedevelopmentofsolarapplicationsthatconvert
thesolarenergyintoanelectricalone(Mousazadeh,Keyhani,Javadi,Mobli,Abrinia,&Sharifi,
2009.),(Yeh,Yen,Yen,Wu,Liu,Wu,&Peng,2011).Thesolartrackerisadevicethatkeepsthe
photovoltaicpanelsinanoptimalpositionperpendiculartothesolarradiationduringthedays,soas
toincreasethecollectedenergy(Mousazadeh,Keyhani,Javadi,Mobli,Abrinia,&Sharifi,2009).
Thesuntrackerisutilizedtoreducetheincidenceanglebetweentheincominglightandthephotovoltaic
panel,whichconsequentlyincreasestheproducedenergybyabout40%.Recently,ithasbeenestimated
thatsolartrackersarefoundinatleast85%ofnewPhotovoltaic(PV)installations,whereproduction
is greater than1MW(Rhif, 2011).Three categoriesof solar trackers havebeendeveloped and
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evaluated,whicharemulti-axis, two-axisandone-axis sun-trackingsystems (Rhif,2011), (Abu-
Khader,Badran,&Abdallah,2008),(Neville,1978).Thesingleaxistrackershaveonefree-degree
movementthatallowstherotationofthemechanismaroundoneaxisandthetrackofthesunposition
duringthedayfromthenorthtothesouthorfromtheeasttothewest(Sefa,Demirtas,&Çolak,
2009),(HuangB,HuangY,Chen,Hsu,&Li,2013).Foratwoaxissun-trackingsystem,thetracker
followsthesunpositionfromtheeasttothewestdailyandfromthenorthtothesouthannually.There
isalotofresearchworkthathasbeendevelopedintheliteraturetotrackthesun.In(Tomson,2008),
theauthorpresentedthedailyperformanceofPVmoduleswithtwopositions,inthemorningand
intheafternoon.Theobtainedresultsindicatedthattheseasonalenergyyieldwasincreasedby10
to20%overtheyieldfromoneposition.In(Bakos,2006),thewritersdescribedtheeffectofthe
operationundertwo-axistrackingonthecollectedsolarenergy.Themeasuredenergywascompared
withthatcollectedbyafixedsurfacetiltedat41°towardsthesouth.Theobtainedresultsdemonstrated
thatthecollectedsolarenergyonthemovingsurfacewasconsiderablylarger(upto46.46%)compared
withthatobtainedbythefixedsurface.In(Abdallah,2004),theauthorspresentedfoursun-tracking
systems:twoaxes,oneaxis(vertical),oneaxis(east-west),andoneaxis(north–south),whichwere
constructedinordertostudytheeffectoftrackingontheelectricalpowerwiththedifferentloads.
Theobtainedresultsindicatedthattheincreasesintheelectricalpowergainedupto43.87%forthe
two-axistrackingsystem,37.53%fortheeast-west,34.43%forthevertical,and15.69%forthenorth-
south,comparedwith theelectricalpowerobtainedby the fixedsystem. In thispaperaone-axe
controlsystemispresented,whichaimstoimprovetheperformancesofthecontrolsystem(themotor
drive,thedigitaldevicesandthecontrollaw).However,inthepositioncontrolapplicationstheDC
motors,andthePermanent-MagnetSynchronousMotor(PMSM)areutilized(Rhif,2011),(Vittek,
Bris,Štulrajter,Makyš,Comnac,&Cernat,2008),(Shin,Choi,Youm,Lee,&Won,2012),(Vittek,
Stulrajter,Makys,Vavrus,Dodds,&Perryman,2005).Thesemotorsareveryexpensiverelativeto
theInductionMotor(IM)andrequireanimportantrateofmaintenance.ToovercometheDCand
thePMSMmotorsproblems,theIMisproposedinthispapertocontrolthePVposition.TheIMs
controlledwiththeFieldOrientedControl(FOC)approachhasfoundanimportantacceptancein
severalindustrialapplications(Bose,1997).Nevertheless,theFOCapproachisbasedonacomplex
coordinatetransformation,twocontrolloopsofthecurrentandseveralmotorparameters(Casadei,
Profum,Serra,Tani,2002).TheConventionalDirectTorqueControl(CDTC)providesfastspeed
andtorqueresponsesanditisfeaturedbyasimplestructure(Depenbrock,1988),(Habetler,&Divan,
1991).Itdoesnotrequireacoordinatetransformation,currentregulatorsandaPulseWidthModulation
(PWM),anditislesssensitivetomotorparametervariations.Bywayofcontrast,theCDTChas
someproblemslikethehigh-torqueandfluxripples,thehigh-currentdistortionsandthevariation
ofthefrequencyoftheinverterduringthesamplingperiod.Moreover,whentheIMoperateswith
animportantloadtorqueataverylowspeed,thestatorcurrentdistortionwillincreaseduetothe
dropofthestatorflux.Thisreducesthesystemefficiency(Wong,&Holliday,2004),andresults
variationsintherotorspeed,mechanicalvibrationsandacousticnoises(Vaez-Zadeh,&Mazarei,
2000),henceraisingtherateandmaintenancecostandshorteningtheservicelifeof theIM.To
overcomethesedisadvantages,variouscontroltechniqueshavebeendevelopedintheliterature,such
asthecombinationbetweentheDTCandtheartificialintelligence.In(Krim,Gdaim,Mtibaa,&
Mimouni,2015),(Liu,Wang,Chen,&Li,2010),therewasacombinationbetweenthefuzzylogic
controlandtheDTC.Thefuzzylogicwasusedtoselecttheoptimalvoltagevectors.Thismethod
offeredgoodperformancesintermsofripples,buttheswitchingfrequencyremainedvariableand
thetorqueripplesdidnotenormouslygodown.In(Riad,Hocine,&Salima,2010),aDTCbasedon
anadaptiveneuralfuzzyinferencesystemwasdeveloped.Themodelofthesystemhadtobeknown
andthesystemstabilitywouldbeaffectedbytheparametervariation.Theothersolutionconsistsin
combiningbetween theDTCand theSVM toguarantee anoperationwith a constant switching
frequency(Taib,Rekioua,&François,2010),(Jidin,Idris,Yatim,Elbuluk,&Sutikno,2012).The
DTC-SVMcanbeclassifiedinthreetypes.Thefirstmethodwasdevelopedin(Zhang,Yang,&Li,
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