HMYA DX My, HES. Az FYT, S

Photovoltaic tracking system considered loss by shadow

Choi, Jung-Sik+, Ko, Jae-Sub+, Jung, Chul-Ho=*, Kim, Do-Yon+, Jung, Byung-Jin=,
Chung, Dong-Hwa*

*Department of Electrical Control Engineering, Sunchon University

Abstract

In this paper a novel tracking system is described, regarding the influence of shadow between array,
aimed at improving the efficiency of PV tracking system. Comparing with a building site versus capacity
power, domestic solar powers have a limited siting. Therefore, each array interferes with the shadow of other
arrays. The loss by influence of those shadow can be compensated for by means of control algorithm of the
tracking device. The paper suggests a method controlling an altitude for length which is received the shadow
influence of PV array. By using an azimuth of current solar position and the length between arrays, the
controller of tracking device is able to calculate the length between actual arrays and make a comparison of
the shadow length at a specific time with the length between arrays.

When the shadow length is longer than the length between arrays, the controller of tracking device can
adjust a position by compensating error altitude of the length between arrays at an altitude of current solar
position. In the paper, we develop the control algorithm able to minimize the loss caused by the influence of
shadow on the PV tracking system, and compared this with conventional output system. The controller has
been tested in the laboratory with proposed algorithm and shows excellent performance
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LM & Bl g 33 AAHE A2l A

ok wA Aawe] 28 582 ®oly] 9 =S BEE ALY WFE AR
Aate] dwi oz PR A AHe] g&  HEY ANS FHHE 22 HAR B
2 EolAY HFR A Aolg AWy AXNE o)8IFQ FF FHolE FHIHT AA
Nzl ¥aEE L MPPT Aol sty W4, T2 P4 AN P42 289
Eol: uhd H%o] A WAHL o)W FH FOE FAHC A oI HY F
A ZE SIAEA sE 3R gy ARAC o@ wd WHE =99 A
€ ol&sta rh(l] IMWp °]/de] thit = e g3 Edhe] dx

- 135 -



2Ee ®wo A dF FA dgAx
ojglel & ARGt UTh[2] HIFAAE %
S A2 B A9 Al 4y
e AdbsteE By Bl = A5, 34
A9, A4, AR A, Hde ¥y 5L
Atsk= WH4] ol Ar = gl

g dd 3 Alagld Aol BE

ojx B
Tt Aol 1A d3ke] lod A
A3 A] @31 Revers bias® %%}
AI}A O E hot-spotd] A2 LERLA
th6] A evee Y3 $Aas
A8 div] AMdd Y BA gasiz
of BYd A4 AH A ¥

E%
o2
1o

1o
e S - MO 1 S )

of et 19k dFE ALE F 9

A7) A7 B3] 2751 Yok

w}aw, 2 =EoAE 219A dddo e
xﬂoi MY FOREE o]&FQ duyF
= xﬂ/\lo} ol gt AL Fslo] B =
oAl A ARG 32 g durE ol uhy
= Bt B =79 g§3A4E JFdo

2. PV $EA|AR0] g2

2.1 PV oldo]9] HALzt e

PV A28 A Ale 298 o2 $3dd
gk FAMHO A ] € 19 FF Yajeke]
H &1 R gko] A& ojop 3t [6] © R gk
2 AdY, g, AEuAAdRe] o g RE
T F At Y S AAET R H A
E‘H}Q% dAtero] vz SHA S zteT)
W, 2 JFu g REs e o] 1
& 5 o [7]
e () B ey

gz He A ()7 2ol At}
A7NM, Hi/H = 99 1Y BF AALEQ
12
H|

14
K,(@IH) ol 42a $HwdA ¢
AT & dAE] dg A3 Yaje]

ﬂlE

T

_ﬂliOrLr_.,

ol1, R 3=
BrcMel F dArgel] g BAd
AAber vl &9 Hy,/H S oju]git)

HiH, =0775 +000653 - (0, -9%0)
~[0.505 + 000455 (@, ~90 W cos (115K, ~103)  (3)

a7 oy = 5HE dEAHZko R o, =cos' (~tang- tano)
o). aAgA e} UsdE ohy)d wre] A 7,
= A @eA g & gt
H, =24x3600-G,, /7[1+0.033cos(360n /365)]
x [cos g-coso -sina, + (27 e /360)-sing-sno|  (4)

Sxbpol AEE F3 JAA, % 097
o AY(=0)e FI AL RE g Ao
= Aou

cos(¢ — f)cos 5 sin @, + {7 /180 Yo sin(¢# — #)sin §
cos geos & sin w, + (7 /180) @, sin gsin & (5)

1M, AAE B B o't A
Aol HE B D 49 5 D83
& Aol M H2d 5 9ok

1

R, =

cos l( tan gtan &)

’oos' [-tan(g - &)tans (6)
4 @AM B4 e FAENA do1d
P AANES, BR 82 £y Ae] o7

A 5 AAFE viste, olF Zze ghe
£, £= JAEAA HEAE ST
3 A A %19—}«17}742191 He A2A 7
g % ackh 919 4 re 7
ot ﬂwm-a a%ﬂ 4 QEs W
st vhea g
R, = (cosfsindsing oy —wy Nr/180)
~(sinscosgsinB cosy o —g er /180)
+{cos gcos S cos ﬁXs N@y —sin (qy,()

o?i, E‘if m

+ (cos&cos ysin gsin ,BXsin Mgy —SIN (qwe)
—{cos sin Bsin 7 Ysin oy, —sin @y, ) 7
= 2[cos gcosSsinw, +{7/180)w, +sin gsin 6}

A71A, on 3} oui= 77t BAEC A I
%, QBN 7o g Yol o) 4E T
+ gtk

r>0'Q) B,

@ , arcos[( AB+ AT — BL+ YA+ 1))

® g = —min{®

— 136 —



@y =mn{ oy , arcof( AB — VA* — B2 + 1) (A1 + )] (8)
<ol B,

Ggp = —min{wg , ar cos[(AB- VA*— B +1)/(4% +1)]}

@y = min{w, , @ cosf( AB + VAT - B+ DAA2+ D]} (9)

A7, 4% B = O AA AET 4 itk

A =cosg/(siny tanB)+{sing /tany)

B =tan 5{{cos ¢ /tan }/)—[sin¢/(sin ytan f) ]} (10)

22 PV olgoj 9 w9zt mddy

97+ 2 (magnetic south)e] oy, 2y
(true south)g Hesteiol gl 25L& 71e]7)
© U3EE o] 248 V|22 de WS o
dButE s BA 9] 2 ZHmagnetic declination)
€ 183t AG W zto g PV ojfo)|E Ax
gtojop gty AWZE  n|E NGA(National
Geospatial- Intelligence Agency)d A&
WMM (World Magnetic Model)& o] &3] & =
9 HFY FAZR 9 $Y7te mAsTHE]

I 12 A0S Yy, B =FdA
AR E FAA 2" 2AHZES 20073 109
15¢ 71Fo2 7% 9B (M A Z})olt}.

A Ha

A Ao ol Bigd AA A Ao} &
AE 7hHen AAAHA Al2d ZHE A5}
Yol Ho ol WAE7] s Bypass

diode¢} Blocking diode& Ab-&38t3 gt}

259 AsZA A F hot-spot
2 REo YA g Jgo=s

&S W& Aol Revers biasZ F33ld
T HE 3l 2A7E old AR LR F
zhstol AAHQ AlA" EHo g v
v}, E3 Bypass diode?t Q& A8t 5 A
2837}t 60%°)4o] Bypass diode’} %2
3te] gzt gako] gle A HAFA H
o] wtA MEHFE Argrh welA PV o
o= ol ol AT Aol AA W
e g &% F Hd duyx 55 9%
ofgjo] 7t o]AAEE Atto] st W
HHo] g7dY. shARE BE G4
Ax g5 gib BAEE A2 Asto] B
o] IE7t B UE FoF dE HY A7
ob71E &= PV of#ole] 1yxt g o}
Al 9] Revers bias %20l Bypass diode &
Zto g Ao o] rAaET)
a9 2v 294 4FE 18 2L A
o] dxuElEFS YeEtY, Bjge] W9z}l
w2 PV ojgo] Aloje] Zo] AL gt
FEE ¥ 37 Zo] vERE & 9o

START

H
— =
5
3
E

Sha o
]

a8 2 FHAMoZ|e| ¥nalE.

- 137 -



Aamntd WS

S E
:

e
1
v vl
c c '
|
o] ,}\ s

Ak ; 2205 jATIN 485

a3 3 efete| Ueiol wE PV ofalo] Alo] Zof ALk

A B FH4S Aatste PV ool
Atol 9] dolg & 4 Q. HUdY U9z
of W& PV oiaﬂol A}OH Aol& 2 (1)~
(26)3} #Zo] A4 & F Ut}

Case 1) Azimuth(0") < Azmuth(6)< Azimuth(45)

0= 45"~ Azimuth(6) (11)
L =Cxcos(6) (12)
Case 2)Azimuth(45")<Azimuth(d) < Azimuth(90")
6= Azimuth(6)- 45° (13)
L =Cxcos(6) (14)
Case 3) Azimuth(90") < Azimuth(@)< Azimuth(135")
6=135" - Azimuth(6) (15)
L =Cxcos(6) (16)
Case 4) Azimuth(135") < Azimuth(8)< Azimuth(180°)
6= Azimuth(8)-135" 17
L =Cxcos(8) (18)
Case 5) Azimuth(180) < Azimuth()< Azimuth(225")
= 225" - Azimuth(g) (19)
L=Cxcos(8) (20)
Case 6) Azimuth(225") < Azimuth(6) < Azimuth(270°)
6= Azimuth(@) - 225° (21)
L =Cxcos(8) (22)
Case 7) Azimuth270°) < Azimuth(€)< Azimuth(315")
6=315 — Azimuth(@) (23)
L =Cxcos(8) (24)

Case 8) Azmuth(315") < Azimuth(6) < Azimuth(360")
O = Azimuth(@)— 315 (25)
L= Cxcos(6) (26)
o714, X, Y, C & PV of#o] Alo] 717

ojrg Y F&E YEdHL

2 AN~ (260 T3t PV o#eje] 74
S T F FHAHEY $H 2&E FAA
e 284 9% Ao AAY 1LEZS
nHFl gk 19 4v nxZo g PV
ofglo] ZhA Aol AE el ot
O] doe the A 203 o] Ttk
SL= AL +cos(8) 20
PR BAAE $18 AloE & PV o # o)
ol A JFgg v Zolo dgtd Jo
2 31EZE Aojde WwHeE 4 (1)~
(26)9] ojzlo] 2+ ZHo] (L)} A (27)9 ¥
A Zo|(SL)E W4=E 39 SLI Lo 23
ZAolg ZAEZR &iste] AA ¥ 1=z
o eA7+e RAAEe dA =TS A
& +

SE=SL—-L (28)
IR Aol(SL)¢k ofde] 3+ Hol(L)E
M2 3o BAAZE(MO)E 4 (29)3 Zo)
T & A 2HA dF0 E 4 1=
Zr& 2 (30)# 2t

st £
M =cos (SL) (29)
Ma, (Modify Altitude) = o (Akitude)+ M@ (30)

PV Array

a8 4 nx 2ol E PV o{30] 2@ XF Zo| Al

- 138 -



FAZR A7 M E A B ¥
Z}a} ogo)zhe] kA S o] &3] AA| o]
r olAARYE Adstn A Ak 2k
Ao} ofeo|zte] o|AAEE wlmFch 1Y
A Aozt olAA Y Bu F AHS FHAA A
o7l M AA g nxZto) o]F AR &
b EZVE RSl YA E Ao

I¥ 5% PV ofgo] Ato] Aolg =
2 Fe SALEE Yehdrh 0¥ 62 11
H 5ol A FaF PV ojglo] Ale] Zo)s} ub
A4S o] &3ty PV oldlo] 1yA ZHolE
Axete ¢adFS Jehla 9oy, oY
7S 2 =FAA AAS PV ofdo] 2EA
BA daelFe] A8 e

‘ START , ‘ START ’

v ¥

C.

il

PV array Area Length

Input PV array Length Input

h

Azimuth Angle Input Azimuth Angie In put

+

PV array Avea Length Shadow Length
Caleulation Cakulition

h 4 A 4

‘ STOP ’

a7 5 PV ofafo] Ato}
dol Al d22|F

O 8 pv ofzio] @A
4ol A ¢naF.

Modily Altitude

Valid contra tine
Yes
Mobr run comm and

|

Mator siop

v

‘ sTOP }

33 7 PV oldo] DA Eeb dae

"

4. M3 2 A3}

29 82 ATAAY WEF FH A~
oz B mRod AN APFA T4
8 Ui 893 4e 48 dUd
A ofdols AHFAL A3 ANE TFY
tlr 5 Aol REE AAS N5% PCE

ERleital

PV Array 1.8k'W Trasking System

Manitoring

a8 8 2 =RoiM HAS dEER THE

a9 9 DAY Astd) BE YrleE %
Eewe] Wstg dehim Qo AAFol
3% A BEY EULE o4 Fue o
% qivh,

- 139 -



B

o A (Wm2]

- B 8 B & ¥ 8
't S S

a8 9 YAte

Bistol g 22 Wi

29

29 10& 28x B3 w}% WFAE A
38 vEld Aoz A 94 40E7A A g
a9A B4 ¢ng gl —12‘5_ WA F x}o] B

MaEd 2P BAVSS ©Ad A

29 FAFL 21.94[kWhlel 2 TP BA
1ss A FAFA Y GAFLE 1645[kWh]
24 HH % ole 549[kW]e] o).

Nl

EagE e R L]

ADEDD

ctiUUS S | R .
B0 o810 0925 L] L] B0 1425 154

gol 7] RAE wA
O[kW] 245 %’%7“ vt gl
VAR 011*1 A k3 ol o3
Higel ¢xnFE HEso 1744
¢ 4 Z}ﬂs: vetdig, 29a 14
715 e BAT FHEA S F e 4-8209kWh]

ol
2
=
)
—153

olx Fajeo W<l I A BAAIFE ALt
A2 o] AL 4763[kWh] 2 UrE}ktOtﬁ,
F ovlage] dAH zole a19A BA ¢
1 EFE AL Aado] 61[kWIAE =4
ez itk mEd A3 A o F
e dnF vLE F3 E =FAA A
AgE a9k By dangEe HeYd 2 &

=4S ¥ 7 U

[ R e IR o ik ]

U fowm)
At w/mz]

g & 2

ARKI0% 1Y)

2% 112X 2o @B w@XE g

———

p = M |
il |
-C
—

W B (whl

B =AML HYd 242" 58
ol7] AT WPoz YA JFE 1

2dlg AAlE. T H
3 dALE -‘?—Xl ﬁ}*i AgE oef o]zt
FAl %5te] 1@ Abs) @
YA gL PVl

— 140 —



olo] WHFE FaAPozAN HBYF LA
Aol §&& "ol

B =fdAe U9 ALdE 53 PV o
o)zt RS dAsn BY F3 #Fx 9
AEZLE Aojstz 9 4 WY Al
k. ol ¥R RA duHEE AHE&3%
FA Az="e FHe FAHAAANY BFA
Y W3 o dAFe s nlasgcok
AAGE 19 By duEEE H83 A

2

25 ¢ .2
< 4 kWA R, 1789 F<
o MAFE F61kW] A% o EA veb
o mEA B =M A 2hat B
¢S B34S 45T F AU

203238

1. H. J. Noh, D. Y. LEE, D. S. Hyun,
"An improved MPPT converter with
current compensation method for small
scaled PV-applications”, IEEE IES, Vol.2
(2002), pp. 1113-1118.

2. W. A. Lynch, M. Salameh, "Simple
eletro-optically controlled dual axis sun
tracker”, Solar Energy, Vol. 45(1990), pp.
65-69.

3. J. W. Spencer, 1989, Comments on
“The astronomical almanac’s algorithm for
approximate solar position (1950 - 2050)”,
Solar Energy Vol. 42, No. 4, 353.

4. R. Walraven, 1978, "Calculating the
position of the Sun”, Solar Energy 20, 393
- 397.

5. M.C. Alonso-Gaica, "Experimental
study of mismatch and shading effects in
the I-V characteristic of photovoltaic
module”, Solar Energy Materials and
Solar Cells, Volume 90, Issue 3, P.329,

2004.

6. D. Feuermann, and A. Zemel,
Validation of Models For  Global
Irradiance, on Inclined Planes, Solar

Energy, Vol. 48, No. 1, 1992.

7. T.M.Klucher, Evaluation of Models to
Predict Insolation on Tilted Surface, Solar
Energy, Vol.23, 1992.

8. McLean, S., S. Macmillan, S. Maus,
V. Lesur, A. Thomson, and D. Dater,
"The US/UK World Magnetic Model for
2005-2010", NOAA  Technical Report
NESDIS/NGDC-1, December 2004.

- 141 —



