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ABSTRACT

In power systems dynamics and control literature, theoretical and practical aspects of the wind
turbine-generator system have received considerable attentions. The evolution equation of the
inductionmachineencompassesasystemofthreefirst-orderdifferentialequationscoupledwithtwo
algebraicequations.Afteraccountingforstochasticityinthewindspeed,thewindturbine-generator
systembecomesastochasticsystem.That isdescribedby thestandardandformal Itôstochastic
differentialequation.NotethattheItôprocessisastrongMarkovprocess.TheItôstochasticityof
thewindspeedisattributedtotheMarkovmodelingofatmosphericturbulence.Thearticleutilizes
theFokker-Planckmethod,amathematicalstochasticmethod,toanalysethenoise-influencedwind
turbine-generatorsystembydoingthefollowing:(i)theauthorsdeveloptheFokker-Planckmodel
forthestochasticpowersystemproblemconsideredhere;(ii)theFokker-Planckoperatorcoupled
withtheKolmogorovbackwardoperatorareexploitedtoaccomplishthenoiseanalysisfromthe
estimation-theoreticviewpoint.
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1. INTRoDUCTIoN

Thewindenergyhasbecomeoneofthepopularrenewablesourcesforthegenerationoftheelectrical
power.Threedifferent configurations arepopular in thewindpower conversion technology, the
fixedspeedwindturbine-generatorsystem,thelimitedvariablespeedwindturbine-generatorsystem
andvariablespeedwindturbine-generatorsystem.Themaincomponentsofthefixedspeedwind
turbine-generatorsystemarewindturbine,gearboxes,squirrelcageinductiongenerator,capacitor.
Thatareconnectedtothegridthroughthetransformer.Thisconfigurationallowsthemachinetorun
attheconstantspeedaswellasprovidesstablefrequency.Secondly,thelimitedvariablespeedwind
turbine-generatorsystemutilizesthewoundrotorinductiongeneratorinplaceofthesquirrelcage.
Thisstructureutilizesapowerelectronicconverter.Thirdly,thevariablespeedwindturbine-generator
systemaccountsforthedoubly-fedinductiongeneratorwithapowerelectronicconverter(LiandChen,
2008).Here,someimportantdynamicalequationsforthewindturbine-generatorsystemaredescribed.
FuandXing(2009)havedevelopedafour-dimensionalSquirrelCageInductionGenerator(SCIG)
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model.Subsequently,areduced-ordermodelwasdevelopedusingsingularperturbationmethod.The
singularperturbationmethodhingesontheelectricalengineeringassumptionthatstatortransients
arefasterthanrotortransients.Thus,theevolutionsofstatortransientsarenotaccountedforandthe
evolutionsofrotortransientsareaccountedfor.TahaHussienetal.(2017)havedevelopedmodeling
ofthreephaseinductionmotorandexplainstatorturnsfaultanalysisbasedonartificialintelligence.
Salimaetal.(2018)havedevelopedaGlobalstabilityoflinearizingcontrolofinductionmotorfor
PVwaterpumpingapplication.TostudythecontrolsystemdesignusingMatlabsee(Moysisetal.
2017).Gabhietal.(2018)havedevelopeddiscreteslidingmodecontrolschemefornonlinearsystems
withboundeduncertaintiesandAlainetal.(2017)havedevelopedimprovedrobustadaptivecontrol
strategyforthefinitetimesynchronizationofuncertainnonlinearsystems.Feijóoetal.(2000)have
consideredathird-orderdeterministicequationthatexplainsmodellingoftherotortransientvoltages
behindthetransientimpedance.Balanathanetal.(2002)havedevelopedadynamicloadmodel.That
hasabilitytoanalysethetransientandsteadystatestabilitiesoftheinductionmotor.Tostudythe
influenceofthewindpowerdynamicsonthelargeelectricalpowersystemsdynamicsandcontrol,
Slootwegetal.(2003)arguetheadditionofwindturbine-generatingsystems’modelsinsoftware
packages,especiallyfornumericalexperimentations.Inthisconnection,especiallyfornumerical
experimentationsofwindturbinemodels,twoarticles,i.e.Sorensenetal.(2002)andNichitaetal.
(2002),wouldbealsouseful.Dusonchetetal.(2007)haveinvestigatedtheinfluenceofwindturbine
mechanicalcharacteristics.Thetransientvoltagestabilityofthefixedspeedwindturbine-generator
systemswerestudiedaswell.Intheirinvestigation,thefifth-andthethird-ordermodelswerethe
subjectofinvestigations.Generally,thethird-ordermodelisaspecialcaseofthefifth-ordermodel.
Thethird-orderdoesnotaccountforstatortransientsintoconsiderations,seePopovićetal.(1998)
andLedesmaetal.(2003).Furthermore,Martinsetal.(2007)havevalidatedthefifth-andthird-
ordermodelswithmeasureddata,whicharerarelyreportedinliterature.Theprecedingintroductory
descriptionsofthispapersuggestthattheproblemofanalysingthewindturbine-generatorsystem
fromthedynamicalsystems’viewpointreceivedconsiderableattentioninliterature.Underthewind
turbulenceinfluence,itisreasonabletoaccountforthestochasticcharacterofthewindspeedfor
thewindturbine-generatorsysteminlieuofthedeterministicformalism.Agooddiscussionabout
thewindturbine-generatorsystemunderstochasticinfluencecanbefoundinbriefresearchwriting,
butacompellingpaper instochastic sense (WangandCrow2012).Thestochasticallyperturbed
dynamicalsysteminvolvesinvestigationsintovectorStochasticDifferentialEquations(SDEs)inlieu
ofOrdinaryDifferentialEquations(ODEs).Thisseemstobeoneofthereasonsthatthenotionof
stochasticprocessesisrelativelyverylessintroducedinto‘powersystemsdynamics’literatureyet.

Thispaper isaimed toaccount for the stochasticevolutionof thewindspeed in lieuof the
deterministicfor thewindturbine-generatorsystem.Thispaper is inspiredfromthefact that the
systemsandcontrolmethodsunderstochasticconsiderationscontributetothegreateraccuracyand
refinements(Mumford2000)inavailableresults,seeSinai(1981).Here,asuccinctdiscussionthat
theItôstochasticityisimperativeforthewindturbine-generatorsystem.Theturbulentatmospheric
flowsinfluencesthewindspeedoperation,theresponsetimeofwindturbinesistypicallyintherange
ofseconds.Thus,theyaresubjectedtosmallscaleturbulence.TheFokker-Planckanalysisforsmall
scaleturbulenceagreewithexperimentalcorroborations(Renneretal.2001).Fromthetheoryof
stochasticprocesses,theFokker-PlanckequationisaconsequenceoftheItôstochasticdifferential
equation.Thus, thequalitativecharacteristicsofatmospheric turbulenceareembeddedin theItô
stochasticcorrectiontermofthewindspeedevolutionequation.Themajoringredientofthispaper,
whichisutilizedtodevelopthetheoryofthispaper,istheFokker-Planckequation.TheFokker-Planck
equation is an influential result in the theory of stochastic processes and stochastic differential
equations.Theequationistheevolutionofconditionalprobabilitydensityforagiveninitialstatefor
aMarkovianstatevector.InWangandCrow(2012),the‘reduced-order’Fokker-Planckequationfor
thetwo-dimensionalstatecomprisingtheslipandwindspeed,wasthesubjectofinvestigations.In
theiranalysis,thenumericalexperimentationforthereducedFokker-Planckequationwasaccomplished
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