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Abstract

It is of crucia] inpPortance for PV power generation systans to work at efficiency cond itons and tomaximun the electrical

power ouputhy usin€ a sun tracking systam A nove| approach usin€ wo photoce]ls P Jaced in a wed&€ shaped fom as a new tracking

sensor s stud ied and teste The Power |oss caused by over png tine track ng can he reduced and the energy conversion efficiency of

Photovol@aic can he improved The contro] and mechan in is very sinple which can reduce the costandmake the imPlamenation easi

g
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1 Introducton

A Sun_trackng€mechanign ncreases fe anount of
solar energy that can he receijved hY the solar phoovo L
@aic cells The use of a tradking systen s more expen.
sive and more camplex than fixed mstllations How ©
design a cost effective Jevee and Provie more Power
outPbuthecane a hot spot n research aswell as n can-
merc gl markets

The sun tracking systms can he categorized mnto
WO {Ypes one uses sensors pr active track 'ng and the
other uses clock circujt {or rea] tine sun movement re
spect 0 he ear, The mamn poplans n the pmer ;s
lacking€ of mature sojr pPosjtion SEnsors d sturbed
strongly by the suns inten sity Valying great]y under the
randam factor§ as we|]] as week jn systmatjcally m
busmes;s and so on The hktter is sinP e of He contio]
ajgoritm and stahle of the sysem hut hck of agility
The tacking wle desgn algorim and Practica] in-
Planentation are discussed from the aspectof ne]lBent
tracking uspg sensors n this paper
7 Choice of sensors and desgn of po.

sition detector

Silcon pPhotoce]ls are selected as sensitive canpo-
nent {or the sun trackng systan as it is to he exposed to
the sun | consideration of the factors for sun Ji€ht en
durance and sun|ght sensitivity

Two exact]y same silicon Photocells are pPlaced
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with an angle ofq ( Fig 1),
system with a Par]le] resgtance for each Photoce]]

The outputs of each ce]] are equa]when the sunght i
radiates in paralle]with the nternal hisector ofy,  The
ouputs wil] not he equal]when the mcident [i€htd ver
ges fram fe haknced positon The different ouput
can he used © discrimpnat the sun s posiion jn the
system Howeve,r tmay stil]l be d sturbed by te exist
ence of unstahle diffusion or reflection |ight in Practica]

sjuatons
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Sdematic Jayout of the m ajn sensor can ponents

construct a wa ouput

F& 1

Suppose [J is the comespondng power signa] on
the Photoce]] caused by the direct solar radiat'pp and
U caused by the diffuse [Bht The angle of the wo
Photoce]ls is defined asq  and the angle hewveen the
sun]ight and te ntemal] pisector of they as@ thus the
angles heween he sun]ightand the wo photocel]ls are §
4o 2 and §—q p respectively

Firs;t cons'derog & an

The sigalon the Photoce]l A i

Y= U sty 6+ a/2) + U (1)
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The si€a]on the Photoce]] B i:s
Y= U si¥a2— 8 + Us (2)
The wo SituationS( & a/n and §< fa/2) are s¥n_
metwical nWwhich on]y one photoce]] has he direct so.
brradjaton (On}p one situation( > a /2) will be dis
cussed as fo]lozy
The si€a]on the Photoce]l A §

Yo= U s 6+ a/2) +Ua (3)
The sigajon the Photoce]l B is
%=1 (4)

They are ampPlified with a 8ain by the ratioK in differ
entja] fom as {o|pw equation:S

Y= Yo ¥, = 2KU singcoya 2) + Us— Uy

0< & a2 (5)
Y, = KU siy 4+a2) +Us— Us
/2L O T —a/2 (6)

W ity acua] measuraments at e main tracking period
( famg an 103 Hn)’ little differences exist heween
Ua andQB so the ahove equations can he sinp [ified
as

Y= %— % = 2KU sn5coy «2)

0< & a2 (7)
Y, = KU siy 8+a/2)
a2 K —a/2 (8)

It shows fram the ahove equatins that the sna] caused
by the diffuse reflection [ihtat the main tracking peri
od has heen restrajned
‘Themore the vaue of‘g the more sensitive of the
sun Position sensor when given a detemined vajue for
0
In order 10 keePp h 8h sensitivity and favoraple i
crament relationshiP heween azinuth change and the
outputsignal o is defined n[x 4 7 /2].
In e e(mation( 1) and( 2), the outPut sgna]
Y, contans the signal LL so the effects of the direct
1Bht mtensity varption carr  t be elininatd by the
sinpPle differentia] anpPlifier Jn order 1o sojve he Prob.
1&1} wo photoceﬂ5( C and D) as supplement signals
are used te nomma] of each upplanent cel] 1S cojnc i
dence with bisector [ine oOf o Addit'pnaﬂy a light
barrier {for direct solar radjation is Placed ahove the
phovcell) Fi€ 2 shows he sketch drawing
59 we have the {o]lowing equatong
Y =Y+ Uc (9)
Y= Up (10)
The apove signals are amplified with a gain by the ratio
K and te oauput si€nal Ls
Y=K(Y+Uc—Uyp)
Because Q(:: QD’
fied as follow

(11)

the apove equatpn can he sinPli

Y =Ky (12)

block plate

D

F8o Sketch draving fr the canpinaton ofmain and

accessry sensor canpments
W hen the s8naly, canpares with a detem ned thresh
old ValueM and suppose YZ:M

. M
8= arcsip—_
2KU ¢o5q 12) (13)

The ahove equaton shozv§ 5 decreasesw ith the incre.
ment of 4, and varies o a greater degree under varjous
|Bht intensities W hen the signaly, canparesw ith Y;
and suppose Y, = % can he expressed

K

0= arcsp—
2Kcoga2) (14)
Where § is only deem ined by the faCtor:s the man

differentia] anplifier 8ain K the secondaty differenta]
anplifier gain K and the angleq  Which are a]] given
bY the ¥stan So the stability is inpoved 8reatly by
this design

Al discussed apove $ in the case of one dinen
s'pgl and anoher same Position sensor needs 0 he
Placed on the other dimenson {or wo dinenspnal
track ing

3 Hardware and algoritin pr track ng
contro]

The mamn PV armay power generation dePends on
direct sun rad iatiog © the value of § has vita] mpor
tance on the systtem The ahove discussed sensor is
blaced on the track n& pane] with PV cells e maxi
mumn pPower generate when [i8ht strikes noma] © the
Ppane] is E. If the li€ht strikes atan angleg respect to
the noma] of the pane’l the power enerated bY the di
rect radation can he expressed

P=F co¢ (15)

Considerng the varjation of cop i reguhr tracking 6
<9, and even| §x | :5‘2 the power generaton isS
alnost not nfluenced b¥e¢, If taking (Exmx, — ox s
themaxinun and mininal of the l|ag€ pack tracings al
gorit}rr’l the mstantaneous power ohtajned by the solar

powered hattery hoard i
P= L cop = B coy5°) &~ 0.9965 (16)
So itwi]] not decrease the efficency of ohtaning solar
energy pasically
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4 Placanent of PV Arrays Proto
typeM echan gn and ExpPerin ent

PV amays are canphined inmatri§ and each |mne
has on]y one azinuth sensor and amotor The unijts i
the every |ine are connected w ith meta] caples {for syn.
chronous trackng of themechanisg which si&nificant
IV reduce the tracking cost pr the ystem

Fig3 Sketch dmwing pr he efectramedyanica]

mechanisn unjt

Fig8 3 shows the structure con figuration of the w
nitmechan gm {or which Polar sun track ng€ s ntra
duced 1 stutted frane {or polar axi§ 2 rope sheav§
3 day tacking axi§ 4 secor Iack 5 bracket pr pattery
pane] ¢ scasona] tracking axis 7 Pppn g motor for
seasona| trackinz;r 9 mpnature creeper gear {or seasona]
tracking 10. 11. 12 are te patery posures jn sun-
me7r SPring and Auump wmnter i northern hemyi
sphere

Fi8 4 showvs the difference beween Curve]  and
curve [, Curve] represents the shortcircujt current
of the solr Ppane|wh ch is Placed twards north pmed
an angk of30)° with the 8ound n hemanner fixed Po.
sition  Curve]] shows the short circujt current of the
sane solarpane] at e same Place in the manner of po.

PV
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FB 4 ExPerimenta] results of PV Pane] oufut current in
fixed and n polar axjs tracking€ imPlan entatons
lar axjs tracking ( Specificatpn and type of the solar
bang] TDBy5 — 38-P oPemtng wolwge 17V  open
cireuitp] Voo and P P2 W),

5 Concluson

The dynam ic tracking systan using $nsors § a
closed pop systan having reljaphle and stahle woik ng
characeristics in stren€ty solar jrrad ptions [t has been
proved by the exPerinents fat the varjation of ntens;ty
of noma] strking 1ight has less mfluence by the track
ng angle and it is reasonaphle t0 adopt laBe [ag hack
parameters in he conto] aj@oritin  The new sensor
systam 1S stah e and cost effective {for the trackng
mechanjsn Moreovevr the Pojar axjs tracking ystam ;S
easy 10 form amatix statjon and resjstant © wing
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