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ThispaperpmsentsacurrentsensorblessHybackinvertercontronedbyMPPTfbraphotovoltaic(PV)smallpower
system・Althoughtheproposedsystemhassuchsmalloutputpoweras300Watts,afCwsetsofWsmaUpowersystems
canbeeasilyconnectedinparaUelfbrthehigheroutputpowerrequlmments．ＷhenaPVsystemisconstructedby

●

ａｌｏｔｏｆｓｍａｌｌｐｏｗｅｒｏｎｅｓ,thetotalsystem-costwillbecomeamatterofconcern・TbovercomethisdifHcmtproblem，
thispaperproposesthatnoexpensivedccurrentsensorisusedinthePVsystemandthePVcurrentcanbeestmated

fhPomthePVvoltage､ThisnovelcurrentsensolLlessHybackinverterisappliedtothePVsystemoperatedbyMPPm
whichshowsthesatisfnctoryMPPILperfbrmanceaswellasthesystelnwithadccurI℃ntsensonThispaperalsotreats
thedesignmethodandtheoperationoftheuniqueilybackinverterwithcenterbtapedsecondarywinding・FinaUylthe
paraUelinvertersysteminwhichtheoutputsoftheinverte応connecteachotherisconstructed,andtheexperimental
resultsshowthattheparallelsystemgetslargerpowerthantheconventionalonewhenthePVarrayispartiallyshaded
bybuildings．

lIntroduction

Photovoltaic（PV）systemshavebeendevelopedto
overcomeanenergycrisisintennsofecology・Ｔｈｅ

ＰＶｐｏｗｅｒｃｏｎｄｉｔｉｏｎｅｒｉｎｔｈｅＰＶｓｙstemusuallycon-
sistsofbothadc-dcconvertertocontrolthePVvolt-

ageandavoltagesourceinvertertoconnecttotheutil-

ityacglidline・ＡｓａＰＶｐａｎｅｌｏｒａｓｏｌａｒｃｅｌｌｐａｎｅｌ
ｃａｎgeneratesrathersmallelectlicoutputpowerofap-
proximatelylOOWattsperonesquaremeteratthefine

weathercondition,themaximumpowerpointtracking
(ＭPPT)techmqueisadoptedtothePVpowercondi-
tionerinordertoutilizetｈｅPValTayefTiciently

mePVvoltageandPVculrentarerequiledto
calculatethePVoutputpowerfOrtheMPPTopera‐
tionThelcfbretheexpensivedcculTentsensorisab-

solutelylequired,whichisthewornsomeproblemfOr
thｅＰＶｓｍａｌｌｐｏｗｅｒｓｙｓｔｅｍＴｈｅｒｅａｌｅａｌｏtofmain

circuitconfigurationsfbrthePVpowerconditioners
thatalesuitablefbrtheratingsoflessthaｎｌｋＷａtts

aslistedintheliterature[1-lOLDrlidahadproposed
akindofBuck-boosttypeinverterwhichhastwosets
ofacsemiconductorswitchestoconvertdcpowerto
acpower[4]Howeventhisproposedinverterreqｕｉｒｅｓ
ｔｗｏｓｅｔｓｏｆｔｈｅｄｃｓｏｕ１℃ｅｓｏｆＰＶａｎＰａｙｓ,whichsupply
thepositiveandnegativehalfcycleculTenttoutilityac
gildline，respectively・Thisproposedinvertercircuit

hasbeenimprovedto，，onedcsourcetypeinverter,,as
reportedintheliterature［11-13]・Oneofthelevised

maincircuitconfigurationsisnamedthe，，Hybackin-
verterwithcentel←tappedsecondaIywinding[13]"・

Inthispaper，ｔｈｅ，,HybackinverterwithcenteF

tappedwinding,，ｉｓｕｓｅｄｔｏｐｒｏｖｅｔｈeoperatingpe脛
fOnnanceofthenewlyproposed,,culTentsenso砂less
Hybackinverter，，、Ｔｈｅ，，Hybackinverterwithcenterと

tappedsecondarywinding,，isalreadypresentedinthe
literature[12-14];however,itisnotsofamiliarthatthe

featuleswillbesummarizedasfbllows;Nodc-dccon-

verterisrequiled,astheHybackinvertercandirectly
convertthespecifieddcpowertoacpower,wherethe
dcvoltageisunrelatedtotheoperationThemaincir岩
cuitconfigurationbecomesveIysiｍｐｌｅａｎｄｔｈｅｎｕｍ－
ｂｅｒｏｆｔｈｅｕｓｅｄｐｏwersemiconductorswitchesisless
thanthatofconventionalone,whichwillcontributeto

thecost-reductionofthetotalsystem、Astheelectric
potentialofthePVarraycanbefixedtotheground
potential,therehappensnotroublesomedischalgeculz
rentcausedbythestaticcapacitybetweenthePVar-
rayandtheground，ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｔｈｉｓdischalge
culTentbecomesinevitableone,whentheconventional

bridgeinverterci１℃uitconiigurationisapplied・Ｔｈｅ
controlalgorithmisverysimpleandtheopenloopcon-
trolmethodisenoughfbrthePVpowerconditioner．
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ＴｈｅｌｃａｒｅｓｏｍｅｐｒｏｂｌｅｍｓｉｎＭＰＰＴｏｆｔheconven-

tionalPVsystem・WhensomepiecesofPVpanelsare

shadedbybuildingsorclouds,thereappearsomelo-

calmaximumpowerpointsandthefUnctionmaｙｎｏｔ
ｔｒａｃｋｔｈｅｔｒｕｅｍａｘｉｍｕｍｐｏｉｎｔｏｆpower・Thepaper

whichtreatstheproblemsofseriesconnectedPVcells
inaPVpanelhasbeenpublishedintheliterature[15-
16]・Inthispapentheparallelinvertersysteminwhich

theoutputsofinvertersconnecteachotherisproposed，
andtheparaUelsystemmaygetlalgerpowerthanthe
conventionalonewhenthePValTayispartiallyshaded

bybuildings・

Thedetaildesign-methodoftheflybackinverteris
discussedatSection2inthispaperbFortheMPPTop-

eration,thePVvoltageandthePVculTentarerequired

tocalculatethePVoutputpower・ThePVculTent,av-

eragedoverhalfcycleoftheutilitygridline,iscalcu-
latedfromthevoltageacrossthecapacitorconnected

tothePVarrayusingadigitalsignalprocessor(DSP)．
Section3treatsindetailthealgorithmfbrthecalcu-

lationincludingtheHowcharLAndtheproblemsof
MTIParediscussed，whenthePValTayispartially

shadedbybuildings・Theexpelimentalresultsshow
thattheparallelsystemgetslalgerpowerthanthecon-
ventionalonewhenthePVarrayispartiallyshadedby

buildings,andthedetailsareshowninSection４．

Ｔ
lＧＢＴｌ

「

Ｃ，Ｌ，
●

PVanay

(a)model

Ｔ
lＧＢＴ１

ｒ

Ｃｌ ＬＩ
＋

●

Pvanay

(b)modelI

Ｔ
lＧＢＴｌ

ｒ

Ｃｌ Ｌ１
＋

●

PVaJTay

２Center-tappedfIybackinverter

(c)modem

２．１０perationofsecondarycenter-tappedflyback
inverter

Fig，lshowsamaincircuitconfigurationoftheproto-
typedPVpowerconditionerTheflybackinvertercon‐
sistsofthreelGBTs，twodiodesandaHybacktrans-

fOnnerwithcentelLtappedsecondarywinding・TheHy-
backtransfOnnerhasthefUnctionsnotonlytogenerate

theacpowerbutalsotoisolatebetweentheＰＶａｒｒａｙ
ａｎｄｔｈｅｕｔｉｌｉｔｙａｃｇｒｉｄｌｉｎｅfbrthesafetyfromsome
electlicaccident・Theprimarywindingisconnectedto

ｔｈｅＰＶａｌｒａｙａｎｄＩＧＢＴ１，ａｎｄｔｈｅｇａｔｅｐｕｌｓｅｏｆｗｈｉｃｈ
ｗｉｄｔｈｉｓｍｏｄｕｌａｔｅｄｂｙＤＳＰｄｒｉｖｅｓｔｈｅｌＧＢＴＬＴｗｏ
setsofacsemiconductorswitches,whicharecomposed

oflGBT2anddiodｅＤ１ｉｎｓｅｎｅｓａｎｄｌＧＢＴ３ａｎｄＤ２

ｉｎｓｅｎｅｓ,respectively,alecolmectedtoeachterminal
ofsecondarywindingoftheflybacktransfOnner､They
canswitchrecipmcallyandsynchronouslywiththepo-
larityoftheutilityacgridlineTheswitchingsequence
andwavefbnnsareshowninFig2・

FiglshowstheoperatingmodesoftheHyback
inverterwithcenter=tappedsecondarywinding・The
modelisdefinedfOrthesituatiｏｎｗｈｅｒｅｌＧＢＴ１ｉｓｉｎ

ｏｎ－ｓｔａｔｅａｎｄａｌｌｏｔｈｅｒｌＧＢＴｓａｒｅｉｎｏｆｆＬｓｔａｔｅａｎｄｔｈｅ

storedenelgyinChisdischalgedtotheutilityacgrid
line,whilethepolarityofChissynchronizedwiththat

Figurel：Thecircuitconfigurationandoperation

modesofHybackinverterwithcenterとtappedsec-

ondarywinding

oftheutilityacgridlineThemodenisdefinedfOr
thedurationwhｅｎｌＧＢＴ２ｉｓｉｎｏｎ－ｓｔａｔｅａｎｄａｌｌｔｈｅ

ｒestareinoffLstateimplyingthatthestoredene屯ies

inTandC2arereleasedtotheutilityacgridlinegiv‐

ingthepositivepolarity、ＴｈｅｍｏｄｅｌａｎｄｍｏｄｅⅡare

switchedalternatelyatthehighswitchingfrequency

duringthepositivehalfLcycle・Theenvelopeofthe

peakculTcntthroughtheprimarywindingoftheHy-
backtransfOnnerissomodulatedastobesinusoidal

bythepulse-widthmodulation(ＰＷＭ)ｇａｔｅｐｕｌｓｅｏｆ
ｌＧＢＴ１ａｎｄａｌｓｏｉｓｉｎｐｈａsetotheutilityacgirdlme
voltagaＴｈｅｍｏｄｅⅡＩｉｓｆＯｒｔｈｅｎｅｇａｔｉｖehalfLcycle

polarity・ＴｈｅｍｏｄｅＩａｎｄｍｏｄｅｎＩａｒｅｓｗｉｔｃｈｅｄalter-

natelyatthehighswitchingfiequencyduringtheneg-

ativehalfcycle、TheculTentHownthroughlGBT1is

controlledjustsameasthatdescribedaboveexcepting
inthedurationofthenegativehalfcycleoftheutility

acgridline．
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Figure3：Circuitconfigurationapplyingthetrans
fOrmermodel

ｋ＋Iswitchingnumbせ「ｋA-I

2.2Designofinductance
Astheinductancesofthewindingsofflybacktrans-

fOrmeraffecttheperfOrmanceoftheinvertersostrong

thatthecarefUldesignisrequired・InthefOllowing

analysis,itisassumedthatthetransfOImeristheideal

oneandhastheequivalentmagnetizinginductanceof

LminｔｈｅｐｒｉｍａｒｙｓｉｄｅａｓｓｈｏｗｎｉｎＦｉｇ３・Asthetum

ratiobetweentheprimaryandthesecondarywinding
oftheflybacktransfOrmerisjusttwo,theinductance

betweeneachtenninalofsecondarywindingandcen-

tertapterminalbecomesequaltoLm・Fig4shows

howthecurrentinthemagnetizinginductanceofLm
excursesinthediscontinuousculTeｎｔｍｏｄｅｏｒＤＣＭ

Ｔｈｅ''１P,，isdefinedasthecrestvalueoftheenveloped

peakcurrentinLm，whentheinverteroperatesatthe

raｔｅｄｆＵｌｌｐｏｗｅｒｏｆＰｂｕＴａｎｄｔｈｅｓｕｍｍａｔionofZoⅣ

and/oFFisjustequaltothedurationofl/(2ﾉＷ)atthe
crestcurrentpoint,where,〃stheutilitygridlinefre‐

quencyandlVisthetotalnumberoftheswitchingpe-

riodsduringthehalfcyclel/(2ハUsingtheseletter
symbols,theroⅣａｎｄｒｏＦＦｏｆｌＧＢＴ１ｃａｎｂｅｅｘｐｒｅｓｓｅｄ
ａｓ

o(k-l） 6(A） 巳1ectricalangIc●

ｏｌｆＭＡ） 7mV [IｍＣＨ

Figure5：WavefOrmsoftheswitchcurrent,theinduc-

torcurrentinLmandthecapacitorvoltageduringthe

A-thswitchingperiod

、=鵠 (2)

where,ID4cistheRMSvalueofutilitygridlinevoltage

andvcisthecapacitorvoltageofC1・Usingeqns、１
and２，theLmisexpressedas

ＶＺ１/；4cvc

Lm＝2ﾉV〃(vc＋VZVi4c） （３）

Ontheotherhand,theratedmaximumoutPutPower
PbuTisexpressedas

Ⅳ

Pbur＝ハI；ZsinzO(k）（４）
ｋ＝１

where,Ｏ(AC)isgivenby航/Ⅳ.Bysubstitutingcqn4
intoeqn3,theinductanceisfinallygivenby

,oⅣ＝4221Ｅ
ＶＣ

(1)
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ＬﾚﾘilCv8ZlIL1sin2e(A）
(5)L、＝

2Ⅳ2'(vc＋VZV4c)ZPbu7

2.3CalcuIationofswitch-onduration

AsshownmFi９．５，theenvelopedpeakcunFentinthe

magnetizinginductanceofLmduringtheaIbitrary〃th
switchingpeliodisexpressedas

lDPV

izm,`"v(ＩＣ)＝lPsin{0(ルー1)＋2兀介｝（６）
－－

iPv,ＱＰｖ

where，ｊｉｓｔｈｅｔｉｍｅｆｒｏｍｔｈｅｓｔａｒｔｐｏｉｎｔｏｆthe卜th

switchingperiodinsecond

As2城issmallvalue,iL,,,,e"し(k)isapproximated
as

Figure6：EquivalentcircuitofHybackinverter(pri-

marysideonly）

ｉＬ,,,,e"し(A)～し{sine(A-l)＋2可ZcosO(k－１)｝（７）

Ontheotherhand,theswitchcunFentthroughthe

lＧＢＴ１ｄｕｌｉｎｇｔｈｅ作thswitchingperiodisexpressed
as

increaseordecreaseofthePVvoltage・Usually,the

maximumpointistrackedbyincreasingordecreasing

thedutyratioofon-stateoftheswitchingdevice・In

theconventionalsystem,itisrequiredtocalculatethe

PVoutputpower,whichisgivenbytheproductofthe

PVvoltageandPVcurlCnt・ＴｈｅＰＶｃｕnPentisusu-

allydetectedbyusingtheexpensivedccuncntsensor
andthealternativemeanstomeasurethedccurrentis

desiredfbrthecost-reductionlnthispapel;itispro-
posedtocalculatethePVcurrentfromthePVvoltage

asdesclibedbelowbytheaidofdigitalsignalproces-

sor(DSP)intherealtime・Itispaidattentionthatthe
PVcurrentofipvconsistsofthesunⅢnationoftheca-

pacitorcurrentoｆｉｃａｎｄｔｈｅｓｗｉｔｃｈｃｕｌＴｅｎｔｏｆｉｓｗａｓ

ｓｈｏｗｎＦｉｇ６．

MID-芋十(-ヂル島 (8)

where,VlhisthethresholdvoltageoflGBT1,R1isthe

slope-on-resistanceoflGBTL

AsZissmallvalue,jSw(k)canbeapproximatedas

榊腓w号胸’ （９）

WhentheintersectionOfiSw(k)andiLm,e､,(k)is
settotheswitch-onperiod,weobtainthepulsewidth

roⅣ(A)ofthe卜thswitchingpulsebysolvingfromeqns、
７ａｎｄ９ａｓ

ｊＰｖ＝ｉｃ＋ｉｓｗ （11）

Whentheeqn、１１isintegratedintheinterval乃w

ofaswitchingperiod,wegetfOllowingsas

しsinO(A－１）
/oⅣ(A)＝ (10）

ﾉ(珈剛=ﾉ(珈極'+ﾉ(珈伽’（12）(vc-Wh)/Lm-2兀刈cosO(A－１）

Thcipv(k)isdeiinedastheaveragedcuITentof
ipv(k)intheintervalZbw,andthetotalamountofthe
electricchalgewhichHowsoutfromthePVarrａｙｄｕ歴

ingthe卜thswitchingperiodisdeiinedasQpv(A)and
expressedas

３MaximumpowerpointtrackinginparallelPV
system

3.1Maximumpowerpointtrackingwithoｕｔｃｕｒｒｅｎｔ
ｓｅｎｓｏｒ

ＡｓｔｈｅＰＶａｌＴａｙｈａｓthenon-linearcharacteristicson
thepowerversusvoltage（ＰＶ）Chart,thelinearcon-

troltheorycannotbeappliedtoextractthemaximum

electricpowerfromthePVarray・Theperturbation
andobservationmethodisoftenusedfOrthemaximum

powerpointtracking（ＭPPT）ｉｎｍａｎｙＰＶｓｙｓｔｅｍｓ・

Inthismethod,theoperatingpointsmovetowardthe

maxlmumpowerpointbythepeliodicallycontrolled

ﾉ(卯iMM三Ｍ)-Ｍ)恥（'3）
Inthesameways，

ノ(恥ic(Ｍ=Qc㈹=ic(k)聯
￣

(14）
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ﾉ(伽ＭＭ三Ｍ)=Ｍ１恥⑪ 榊令重iM小量=wcMw`)(２３）
Where,theQc(A)ａｎｄＱｓｗ(k)aredefinedasthe

totalamountofelectricchargesstoredinthecapacｉ－

ｔｏｒｏｆＣａｎｄＨｏｗｎｔｈｒｏｕｇｈｔｈｅｓｗｉｔchofSWduring
intervalTbw,respectively､Fig6showsthecapacitor

voltageandtheswitchculTentwavefOITnsduringthe

A-thswitchingpenod,Whenthevc(A-l)andvc(A）
aredefinedasthecapacitorvoltagｅｓａｔｔｈｅｅｎｄｓｏｆｔｈｅ

(A－１)-thandtheA-thswitchingperiods,respectively，
therelationbetweenthesecapacitorvoltagesandthe

electlicchargeofQc(ＩＣ)isexpressedas

Finally,theaveragePVcurrentoflPvcanbeesti-
matedas

１Ｗ 叱十ＩＳｗ
Ｎ

２ｆＣＺ{vc(A)－Ｖc(k-l)｝
ｋ＝１

+圭皇MkM (24）

ｌｆｔｈｅｃａｐａｃｉｔｏｒｉｓｓｏｌａｒｇｅｔｈａｔｔｈｅHuctuationof

thecapacitorvoltageduringaswitchingperiodcanbe
neglected,thePVculTentcanbeexpressedasﾉ(恥,cにQ小ＣＭ)-Ｍ＃D｝('６）

Ⅳ
Ｔ
』
揖

ｆ
ｌ
４TheaveragedcapacitorculTentduringthe〃thswitch-

ingperiodisgivenby
vc(A)'8,V(A）〃ｖ＝ (25）

Fig7showsaHowchartoftheintelTuptroutine
fOrtheculTentestimationandMPPTThedifferences

betweentheconventionalMPPTandtheproposedone
arethedetectionofthePVcunPentandthecontroller

ofthedutyratio・Tbtrackthemaximumpowerpoint，
thePVoutputpoweriscontrolledbythedutyratioof
thedc-dcconverterintheconventionalsystem・Ｈｏｗ‐
everbthedutyratiocontrolsthewavefOrmoftheout-

putcurrenttoｏａｎｄａｐｕｌｓｅｔｒａｉｎｉｎｏｎｅｃｙｃｌｅｏｆｔｈｅ
gridfrequencyisdeterminedtokeepthewavefbnnof

theoutputculTentsinusoidalinourproposedsystem，
TherefOre，ｔｈｅｓａｍｐｌｉｎｇｒａｔｅｏｆＭPPTmustbesyn-

chronizedtotheUtilitygridlinefiPequency・Tbcontrol

theoutputpowerundertheseconditions,eachdutyra-
tioofthepulsetrainiscalculatedbymultiplyingaload
factortoeachdutyratioofthepulsetrainattherated
power・ThesamplingnumberAisusedfOrtheｓｗｉｔｃｈ－

ｉｎｇｏｆｌＧＢＴlandthesamplingpeliodislO4似sinour
expenment、Ontheotherhand,thesamplingnumber

llisusedfOrtheMPPToperationandthesamplingpe-
riodishalfcycleoftheutilitygridline・Theprocess
isasfbllows：Atthebeginningofit,thePVvoltageis
detectedthroughtｈｅＡ/DconvertenByusingthede-
tcctedvoltage,元(k)andjSwiscalculatedWhenthc
switchingnumberkisequaltoⅣ,theMPPTroutine

works・Thearbitrary"thofIPvcalculatedbyeqn・Z4
isexprcssedaslPv(").The"thaveragePVvoltageis
avcragedthcvoltageofvc(A)overthehalfLcycleofthc
utilitygridlineas

元㈹=響-ＭＭ)-,小'))０７）
Theaveragecurrentoflbisexpresseｄａｓ

ﾄ埴元(…zM1-w北'川
Ⅳ

ｋ＝１

ItcanbeisassumedthattheswitchcunPentiscom-

posedbythemagnetizingcmrentintheHybacktrans-

fOnner・WhenthecapacitorissolargethattheHuctu-

ationofthecapacitorvoltageduringtheswitchingpe-

riodcanbeneglected,theswitchcurrentisexpressed
as

jMw仲響’ (19）

where,Ｏ三Ｋ/oⅣ(A）（20）

Therelationbetweentheelectricchargeandthe

switchcurrentisexpressedas

Ｍ－ﾉI珈伽:)小豐名川`）（ｚＤ
Ｆｒｏｍｅｑｎｌ５,theaveragedswitchcunPentduring

theLthswitchingperiodisexplessedas

iMo=鶚~珈豐毛州:）（22）
TheaverageswitchcurrentofISwisobtainedas

Ｍ)薑埴Ⅷ (26）
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Figure7:FlowchartoftheintelmptroutinefOrthecurrentestimationandMPPT

isshadedbybuildings、Tbinvestigatethepartially
shadedcharacteristicsofPVarray,thepowerversus

voltage(PⅣ)CharactelisticsofPV1andPV2aremea‐
ｓｕｌｃｄａｓｓｈｏｗｎｉｎＦｉｇ９・Itcanbeseenthattheoutput

powerofPV2islowerthanthatofPVl,ａｓＰＶ２ｉｓｐａｒ－
ｔｉａｌｌｙｓｈａｄｅｄＰＶ１ｈａｓｔｈｅｍａｘｉｍｕｍｐｏｗｅｒｐｏｉｎｔｏｆ
２００Ｗ(peakC)andontheotherhand,ＰＶ２ｈａｓｏｎｌｙ
ｌ２０Ｗ(peakD).WhenPV1andPV2areconnected

inparalleLitcanbeseenthatthetotalmaximumout-
putpowerbecomesnot320WbutZ50Wshowingtwo
peaksAanｄＢｏｎｔｈｅＰⅣｃｕｒｖｅａｓｓｅｅｎｉｎＦｉｇ９・As
theconventionaloperationofperturbationandobser邑
vationmethodwiUstartfromtheopenvoltageorhigh

voltageofPVarray,ＭPPTcanonlydetectthefirst
peakpointBorlocalmaximumpointontheP/Vchar-
acteristiccurve・ItmeansthatthePVsystemcanonly

delivertheoutputdcpowerof200W

IfeachPVarrayhasaninverterwhichisequipped
anindividualfUnctionofMPPnthepower320Wcan

beobtainedToequiptheindividualfUnctionofMPPT，
thesystemhastohavepluraldc-dcconvertersorplu-
ralinverters・AsthesesystemsareusedinparaUel,the

costandthereliabilityarestronglydemandedThere-

fbre,theproposedcu汀entsensor-lessHybackinverter
issuitablefOrtheseusages．

ThePVoutputpowerHpv(")isdeliveredbymulti‐
plyingtheaveragePVvoltageVW(")totheestimated
PVcurrentかv(").ThcprocessorDSPcomparersthe
powerPM")totheBv("－１)thatwerecalculatedat
theprevioussamplingTbgetlargerpowerthanthatat
previoussampling,theloadfactorD(")isdetennined
toincreaseordeclcaseAD,whichisexpressedasα(")，
basedontheoneattheprevioussamplinM("－１)．
meloadfactorD(")isexpressedas

、(")＝Ｄ("－１)＋α(")．（27）

Ｉnordernottodistortthesinusoidaloutputwave-

fOmoftheinverter，thesamplingperiodcoincides

withｔｈｅｃｙｃｌｅｏｆｔｈｅｇｒｉｄｆｉ･equency・ＥｑｎｌＯｇｉｖｅｓ
ｔｈｅｐｕｌｓｅｗｉｄｔｈｏｆａｎａｒｂitrarymainswitchingpulse
atthefUllloadconditionHowever,tocontroltheout-

putpower,each/oⅣ(た)ismultipliedbythcloadfactor
D(")oneveryhalfLcycleoftheutilitygridline．

a2Maximumpowerpointtrackinginfluencedby
shade

Fig8showstwosetsｏｆＰＶａｌＴａｙ，whereeachset
ofPVarrayconsistsofthreePVpanelsconnectedin
senesandeachpanelhasthemaximumoutputpower

ratingoflO9WBInFi９．８，ｏｎｅｏｆｔｈｅｐａｎｅｌｓｏｆＰＶ２
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Figure9P-Vcharacteristics

ＷＩｎＦｉｇｌｌａ,thewavefOrmsarethesimulationre-

sultswhichareobtainedfromＰＳＰＩＣＥＩｎＦｉｇｌｌｂ,the
wavefblmsareexperimentalresultsbytheprototype
photovo]taicpowersystem・Expelimentalresultsare
ingoodagreementwithsimulationresults・ItisfOund

thattheproposedinvertersuppliestheACpowertothe
utilitygridlinewiththepowerfactorofnearlyunity

lnordertovelifytheequationswhichestimatethe

PVcurrent,thePVcunPentwhichiscalculatedbｙｔｈｅ
ＤＳＰｉｓｃｏｍｐａ１℃dtothePVcurrentwhichismeasured

byadccurrentsensortentativelyconnectedbetween
thePVanFayandthecapacitorC1・Thecalculatedcur-

rentdataaredeliveledthroughtheD/Aconverterthat

isinstalledontheＤＳＰｂｏａｒｄａｓｓｈｏｗｎｉｎＦｉｇｌＯ・In
Figl2,theupperwavefOnnisthemeasuredPVcurrent

４ExperimentalResults

Ｆｉｇ．１０showsourexpenmentalsystemconfiguration

ThreephotovoltaicalTaysareusedastheinputsource
ofeachinverterandtheratedpowerofeachＰＶａｒｒａｙ
ｉｓ３２７ＷＴｈｅＴＩＩＭＳ３２０Ｃ３１ＤＳＰisusedtocalculate

thePVcurrent,trackthemaximumpowerpoint,con-
trolthewholepowersystemandcalculateeacｈｐｕｌｓｅ
ｗｉｄｔｈｏｆｌＧＢＴＴｈｅｄａｔａｏｆｐｕｌｓewidthisoutputted
throughthedigitaloutputportandthedataisencoded
tothepulsewidthbydigitalcircuitsonaprogranmable

logicdevice(CPLD).Inthisexpenmentalsystem,the
voltageandthecurrentofthePVanayalcdetectedfOr

thecalculationandthemonitoringTheswitchingfie-
quencyoftheIGBT1(9.6kHz)issynchronizedtothe
frequencyoftheutilitygridline(60Ｈｚ).Theinductor
currentoperatesinDＣＭ・Thecircuitparametersare
listediｎＴｈｂｌｅＬ

Ｆｉｇ・l1showstheoutputvoltage,theoutputcurlent

andtheinductorcurentwavefOnnsoftheproposedin-
verter,withtheoutputpoweroftheinverterbeing300
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