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Abstract:ItisofcrucialimportanceforPVpowergenerationsystemstoworkatefficiencyconditionsandtomaximumtheelectrical

poweroutputbyusingasuntrackingsystem.Anovelapproachusingtwophotocellsplacedinawedgeshapedformasanewtracking

sensorisstudiedandtested.Thepowerlosscausedbyoverlongtimetrackingcanbereduced, andtheenergyconversionefficiencyof

photovoltaiccanbeimproved.Thecontrolandmechanismisverysimple, whichcanreducethecostandmaketheimplementationeasi-

ly.
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1　Introduction

ASun-trackingmechanismincreasestheamountof
solarenergythatcanbereceivedbythesolarphotovol-
taiccells.Theuseofatrackingsystemismoreexpen-
siveandmorecomplexthanfixedinstallations.Howto
designacost-effectivedeviceandprovidemorepower
outputbecomeahotspotinresearchaswellasincom-
mercialmarkets.

Thesuntrackingsystemscanbecategorizedinto
twotypes:oneusessensorsforactivetracking, andthe
otherusesclockcircuitforrealtimesunmovementre-
specttotheearth.Themainproblemsintheformeris
lackingofmaturesolar-positionsensors, disturbed
stronglybythesun'sintensityvarying, greatlyunderthe
randomfactors, aswellasweekinsystematicallyro-
bustness, andsoon.Thelatterissimpleofthecontrol
algorithmandstableofthesystembutlackofagility.
Thetrackingrule, design, algorithmandpracticalim-
plementationarediscussedfromtheaspectofintelligent
trackingusingsensorsinthispaper.

2　Choiceofsensorsanddesignofpo-
sitiondetector
Siliconphotocellsareselectedassensitivecompo-

nentforthesuntrackingsystemasitistobeexposedto
thesuninconsiderationofthefactorsforsunlighten-
duranceandsunlightsensitivity.

Twoexactlysamesiliconphotocellsareplaced

withanangleofα ( Fig.1) , constructatwo-output
systemwithaparallelresistanceforeachphotocell.
Theoutputsofeachcellareequalwhenthesunlightir-
radiatesinparallelwiththeinternalbisectorofα.The
outputswillnotbeequalwhentheincidentlightdiver-
gesfromthebalancedposition.Thedifferentoutput
canbeusedtodiscriminatethesun'spositioninthe
system.However, itmaystillbedisturbedbytheexist-
enceofunstablediffusionorreflectionlightinpractical
situations.

Fig.1　Schematiclayoutofthemainsensorcomponents

SupposeU1 isthecorrespondingpowersignalon

thephotocellcausedbythedirectsolarradiation, and
U2 causedbythediffuselight.Theangleofthetwo
photocellsisdefinedasα, andtheanglebetweenthe
sunlightandtheinternalbisectoroftheαasδ, thusthe
anglesbetweenthesunlightandthetwophotocellsareδ
+α/2andδ-α/2 respectively.
First, consider0≤δ≤α/2
ThesignalonthephotocellAis:

YA =U1sin(δ+α/2) +U1A ( 1)
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ThesignalonthephotocellBis:
YB =U1sin(α/2 -δ) +U1B (2)

Thetwosituations(δ>α/2 andδ<-α/2) aresym-
metrical, inwhichonlyonephotocellhasthedirectso-
larradiation.Onlyonesituation(δ>α/2) willbedis-
cussedasfollow:

ThesignalonthephotocellAis:
YA =U1sin(δ+α/2) +U1A (3)

ThesignalonthephotocellBis:
YB =U1B (4)

TheyareamplifiedwithagainbytheratioKindiffer-
entialformasfollowequations:
Yz=YA-YB =2KU1sinδcos(α/2) +U1A-U1B

0≤δ≤α/2 (5)

Yz =KU1sin(δ+α/2) +U1A-U1B

α/2≤δ≤π -α/2 (6)

Withactualmeasurementsatthemaintrackingperiod
(from9 amto3 pm), littledifferencesexistbetween
U1AandU2B, sotheaboveequationscanbesimplified
as:

Yz=YA-YB =2KU1sinδcos(α/2)

0≤δ≤α/2 (7)

Yz=KU1sin(δ+α/2)

α/2≤δ≤π -α/2 (8)

Itshowsfromtheaboveequationsthatthesignalcaused
bythediffusereflectionlightatthemaintrackingperi-
odhasbeenrestrained.

ThemorethevalueofYz, themoresensitiveofthe
sunpositionsensorwhengivenadeterminedvaluefor
δ.

Inordertokeephighsensitivityandfavorablein-
crementrelationshipbetweenazimuthchangeandthe
outputsignal, αisdefinedin[ π/4, π/2] .

Intheequation( 1) and( 2) , theoutputsignal
YzcontainsthesignalU1, sotheeffectsofthedirect
lightintensityvariationcan' tbeeliminatedbythe
simpledifferentialamplifier.Inordertosolvetheprob-
lem, twophotocells(CandD) assupplementsignals
areused;thenormalofeachsupplementcelliscoinci-
dencewithbisectorlineofα.Additionally, alight
barrierfordirectsolarradiationisplacedabovethe
photocellD.Fig.2 showsthesketchdrawing.

So, wehavethefollowingequations:
YC =U1 +U2C (9)

YD =U2D (10)

Theabovesignalsareamplifiedwithagainbytheratio
K1 andtheoutputsignalis:

YF =K1 (U1 +U2C-U2D) (11)

BecauseU2C=U2D, theaboveequationcanbesimpli-
fiedasfollow:

YF =K1U1 (12)

Fig.2　Sketchdrawingforthecombinationofmainand
accessorysensorcomponents

WhenthesignalYzcompareswithadeterminedthresh-
oldvalueM, andsupposeYz=M,

δ=arcsin
M

2KU1cos(α/2)
(13)

Theaboveequationshows, δdecreaseswiththeincre-
mentofu1, andvariestoagreaterdegreeundervarious
lightintensities.WhenthesignalYzcompareswithYF,
andsupposeYZ=YF, canbeexpressed:

δ=arcsin
K1

2Kcos(α/2)
(14)

Whereδisonlydeterminedbythefactors:themain
differentialamplifiergainK, thesecondarydifferential
amplifiergainK1 andtheangleα, whichareallgiven
bythesystem.Sothestabilityisimprovedgreatlyby
thisdesign.

Alldiscussedaboveisinthecaseofonedimen-
sion, andanothersamepositionsensorneedstobe
placedontheotherdimensionfortwo-dimensional
tracking.

3　Hardwareandalgorithmfortracking
control
ThemainPVarraypowergenerationdependson

directsunradiation, sothevalueofδhasvitalimpor-

tanceonthesystem.Theabove-discussedsensoris
placedonthetrackingpanelwithPVcells, themaxi-
mumpowergeneratewhenlightstrikesnormaltothe
panelisP0.Ifthelightstrikesatanangleφrespectto
thenormalofthepanel, thepowergeneratedbythedi-
rectradiationcanbeexpressed:

P=P0cosφ (15)

Consideringthevariationofcosφinregulartracking, φ
<δ, andeven δMAX =5°, thepowergenerationis
almostnotinfluencedbyφ.IftakingδMAX, -δMAXas

themaximumandminimalofthelag-backtracing'sal-
gorithm, theinstantaneouspowerobtainedbythesolar-
poweredbatteryboardis:

P=P0cosφ=P0cos( 5°) ≈ 0.996P0 (16)

Soitwillnotdecreasetheefficiencyofobtainingsolar
energybasically.
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4　PlacementofPVArrays、 Proto-
typeMechanismandExperiment
PVarraysarecombinedinmatrix, andeachline

hasonlyoneazimuthsensorandamotor.Theunitsin
theeverylineareconnectedwithmetalcablesforsyn-
chronoustrackingofthemechanism, whichsignificant-
lyreducethetrackingcostforthesystem.

Fig.3　Sketchdrawingfortheelectro-mechanical

mechanismunit

Fig.3showsthestructureconfigurationoftheu-
nitmechanismforwhichpolarsuntrackingisintro-
duced.1 struttedframeforpolaraxis, 2 ropesheave,
3daytrackingaxis, 4sectorrack, 5bracketforbattery
panel, 6 seasonaltrackingaxis, 7 pinion, 8 motorfor
seasonaltracking, 9miniaturecreepergearforseasonal
tracking, 10、 11、 12arethebatteryposturesinsum-
mer, SpringandAutumn, winterinnorthernhemi-
sphere.

Fig.4 showsthedifferencebetweenCurveⅠ and
curveⅡ.CurveⅠ representstheshort-circuitcurrent
ofthesolarpanelwhichisplacedtowardsnorthformed
anangleof30°withthegroundinthemannerfixedpo-
sition.CurveⅡ showstheshort-circuitcurrentofthe
samesolarpanelatthesameplaceinthemannerofpo-

Fig.4　ExperimentalresultsofPVpaneloutputcurrentin

fixedandinpolaraxistrackingimplementations

laraxistracking.(Specificationandtypeofthesolar
panel:TDB75 -38-P, operatingvoltage17V, open
circuit21V, andP.P20W).

5　Conclusion

Thedynamictrackingsystemusingsensorsisa
closedloopsystemhavingreliableandstableworking
characteristicsinstrengthsolarirradiations.Ithasbeen
provedbytheexperimentsthatthevariationofintensity
ofnormalstrikinglighthaslessinfluencebythetrack-
ingangleanditisreasonabletoadoptlargelag-back
parametersinthecontrolalgorithm.Thenewsensor
systemisstableandcosteffectiveforthetracking
mechanism.Moreover, thepolaraxistrackingsystemis
easytoformamatrixstationandresistanttowind.
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经济型向阳跟踪 PV电站的设计与实现

潘玉良, 周建军, 苏忠贤
(杭州电子科技大学机械工程学院, 浙江 杭州 310018)

摘　要:提高光伏阵列电站的发电量和工作效率, 系统实行向阳跟踪技术是关键。 研制了一种新型光方位传感器, 由两

个布置成一定角度感光面朝外硅光电池组成, 并进行实验。实验表明长时间跟踪引发的能量损失得到降低, 光伏阵列电站

能量转换得到改善, 控制和机械装置简化, 成本低应用推广方便。
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