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Thesis Title Study and Analysis of Shading Effect on Solar Module

in Photovoltaic System

Name — Surname Mr. Anak Thonsungnoen
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Thesis Advisor Assistant Professor Somchai Hiranvarodom, Ph.D
Academic Year 2014
ABSTRACT

The aim of research is to study and analyze the shading effect on solar module. Due to the
fact that a solar module consists of 36 cells connected in series to produce desired voltage. The
partial shading effect causes the cumulative heat on shaded cells then the maximum power produced
is really reduced. Accordingly, it is necessary to study the shading effect on solar modules.

In this research work, the solar modules were examined with actual sun intensity and to be
compared with the results of simulation by MATLAB/SIMULINK program. In fact, the conditions
of no shading and partial shading of cells in terms of percentage were actually examined and to be
compared with the simulative results from the computer program. In addition, different weather
conditions were parameters for testing on actual loads to also compare with the simulative results.

The results of actual test and simulation can be stated that when the 20 percent and 40
percent of solar cells of all cells in a solar module were shaded, the maximum power produced is
reduced respectively. If more cells were additionally shaded, maximum power produced were also
significantly reduced respectively. When comparing between the results of actual test and simulation
found that the error in terms of power was between 0.3 and 4.76 percent. The errors in terms of
voltage and current were 0 and 0.56 percent, and 0.24 and 2.86 percent respectively. These errors
can be accepted by statistical issue. It means that simulation model developed can be used for solar

module operating.

Keywords: shading on solar cells, pv system, maximum power
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3.2 mInagev]luannesa

H 1 Ao a J 1
ﬂ]’iNﬁ 31 ﬂW\IﬂﬂﬂJﬂQLLWQLGBaZ{LLﬁQ’OWﬂﬂﬂ Sharp 34 NE-80E2E

Cell Polycrytalline silicon solar cells,125.5 mm’
No. of cells and connections 36 in series

Application DC 12 V system

Maximum system voltage DC 540V

Series fuse rating 10 A

Nominal power 80 W

Dimensions 1,200X530X35 mm

Weight 8.5kg

Type of output terminal Lead wire with connector

Y @ J a J 1
Ms19i 3.2 guanyuzn ihvewnsaadnd01nd Sharp 31 NE-80E2E

Parameters Symbol Min Typ. Unit
Open circuit voltage P . 21.3 v
Maximum power voltage N 1 17.1 v
Short circuit current I, 7 5.31 A
Maximum power current D\ - 4.67 A
Maximum power P 76.0 80.0 W
Encapsulateted solar cell efficiency e 7 14.0 %
Module effciency T - 12.6 %
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Y y [ LY Y H ] 1 LY
Wansundasaimaruaidiul sneonanlansunse Tlsunsun lide sruamdiulsiosn

9y = 1

YoIK 19199558n91 m file Matlab e1215019271MIAUIBANEIND (Sequential Execution) T
: ] v A’ < ¢ o 4
Tilsunsu m file N1 TuAULAZ m file a1l ne1vvzgnuesdluienduainTisunsudun 8n
X ] 1 Y ] 1
Famsruandioonlendu TuTdsunsy Matab  Hanuazadniseudlddiieniinisls
a o A = A J o A s A 3 [ Y
MYIABUNUADI DU IUMTITIULaZIpIINWINFUN A A AATo U NTBgNTONLEA)
< o o < 3
Wusnuauunn lims@enllsunsudae Matlab 1ulidrennusiaG,
' < "o < o ¥
M0 IUAZINY (Read and Write) migausaausnii lanslugduuuves Matlab
< o 4 1 J @
(Binary and File) %30 ASCII File nlav11¥n151%0ua0 (Interface) N19403a51319 Matlab 111

Tlsunsudwihily Tasde

Q‘ Y %
1. Mauaulyau

9 1

4 H 1 o v 1 { 4 A
Lﬁﬂl%?hTﬁﬁM?ﬂNIﬂillﬂﬂJ Matlab %31!5‘0?]WLTW]"IQﬂWﬁQL”]JM?TﬁH@NLLiﬂﬁW‘U Lﬁﬂl‘ﬂﬂ

v
o o

Y 1
T1/5un534 Matlab m3ileumidanian azilouasluniharaiuiesnnmsmuianazilssuiana
1 I 1 . ! .

a9 uazitlumihaedlduaawan ldnnnsdszunarasnidugdnsldazuen luaaana lu

wihaans vl lumstlousmdadmsunmsiszuranaveaTasunsy Matlab ansoilou'ld 2 35

' '
v A o w

Y v A & 9| o v A 1w ' Y ° 2
ﬂﬁﬂﬂuﬂ'l’)!f]_]uﬂ’]ﬁﬂ@u@']ﬁ\iﬁi@ﬂ']ﬁ')!,tﬂﬁﬂ']ﬂ"] VUURUIAWNATTINASATTIN TNV UADUUDINIG
kY A I o T @ 1 o @ 1 ~Aq Y o g}l
L!ﬂﬁﬂJW’l ‘Viimﬂum‘imwuﬂmmuﬂimﬂ@] LLazﬂgﬂmme@] Vlclﬁlfmmiﬂ‘iwmwammmmau
° 4 9 IR Yy vy A A o
"Ummimu’Jtul:wmmﬂtymm114”11/\1&1ma%z@mm‘u"hm&lumﬁqa .m I@ﬂwﬂzﬁﬂﬂﬂgﬂmuﬂma%

[ Y 1 Y
yamaanarnuaneuluanyaztinllsunsy m file

Q

A o

) o Ydq ¥ o o ¥ L &2 (%
ﬁ1ﬁ‘§ﬂl§ﬂﬁl‘]ﬁﬂﬁlmiuﬂ1ﬁﬂ Matlab ﬂi\uﬁﬂiﬂillﬂill Matlab Nﬂ?ﬁ\?“ﬁ\?%ﬂﬂﬂﬁﬂ’]&lﬂ!g

m3lFnurazanuasalumsimauvesllsinsy Matlab 4agd1d9 Computer FI9UTAY

v A o

i1 H 9 9 J )
%ummm’%m Computer miwmmﬁl%’ﬂuagﬁlummzuuuaﬂmﬂuuﬂmmm Help G?Ni]%’é]ﬁ‘iﬂﬁl

[ 4

mslymideaiee saudegunundideanii g luldsunsy Matlab dydnvaiviisdarnldieslu

9

o @ J 4 < @ o v < 4
T1J51n33 Matlab Ao % dayansal % Wedudausnvesmdansodonnulan azilluasesine

A y A 1 vy o v o & oA Y A 1o A 2
1/]‘1J’E]ﬂGI,T‘iLﬂi’fNVIiWTJ’J']VliJG]’ENVHﬂ']T]J§$3J’JaNacl,@‘] GI’E'Jﬂ']ﬁ\ﬂ’ﬁﬁ]ﬁll’é]ﬂ'ﬂﬂﬂ@gﬂaﬂlﬂﬁ@ﬁﬂﬂ’lﬂu

€

@ y A A2 A < a o A o & o
an1szasnUeans lsnsoaruiedl niiadlunseudiesuie Tlsunsulumaaveaussna

Q

= Y~ vy A g A o = & o
@]@G]"L‘]J 1/]Li?llﬂl‘ﬂEJHllTVI\1ul‘]JLlﬂ”lim@uﬂ?nJil"l"lJ@QLi"lli’)\iﬂ\ileHQGUﬂ”I§1/I1\1"IH"l|@QITJ5LLﬂ53J

A Y

v Y v
wseRnazy 1dsunsu 11517 ladedr T sunsuisudeuiuvseiSenan Script  file ¥4

U
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e Irldigninulugdvessea ascrr
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= . 2 9 . )
Code Tag m file W30 Script file Ha1M150a31901910 150051 Editor 19 w30 T1/5unsy Word
<] g o 1 1 1a <A
Processor 109 1 1@ 1umsisenls 11sunsy m-file # au1309ldeg1edie Taafioauainsiye
] 1 o ] <] o !
909 m file Tae ludosmudronuana .m asluwihaemds Tdsunsy Matlab ag lavimsenu

v ! Y
Maalu m file ¥oriuq uazshmsvszuana ldfazussviaauan Tdsunsu

2. MISANIUNUGIY

'
(2 o

4y A J o { . o o Y
Lﬁ@WiJW 1ﬁﬁﬂ15ﬂ’lu'§m‘ﬁlﬂ%@ﬂﬁﬂ1& “>>” Matlab IZNINITATUIULAIISHTAAIND

o Y v A = (% d’ a a9 o a Jd Y 9
ﬂWl@‘Ullﬂﬂuﬂllﬂﬂlﬂﬂﬁﬂﬂlﬂﬁ@ﬂﬂﬂLaGU TUUNINADINITATIUIU 25+90 ﬁWNTSﬂW?JWHH]’l‘]Jllﬂ

2 v

NUNAIL >> 25+90 113709 Enter 44 Matlab 9290080 UINUN IUUITNATANII ans = 115 A
~
NN n.1
= =4 Y] a A 4 A @ = 9
Favzmunanyuzmiveulss leanaamaaiszmilounumatouniuigana l Tag

o <3 ' ' o
ﬁ]gﬂﬁgﬂqﬂluﬁﬂlaﬂﬂi’)ullé}jﬂ@ﬂﬂqsﬂﬁﬂuﬂﬂ

B Command Window

-

To get started, select MATLLE Help or Demos from the Help menu.
Fx 25450
ans =
115
»» 30%15.5
ans =
465
x> 125/ 6%2+50
ans =

91.6667

MuN .1 wan lannniasuinlu Matlab

A d
3. INNINY

E4
1A

= 9 L o A F a A dy a 4
11510053 Matlab U135 1FWNaNTUHA1 ANOFF 1NN AFNABIY Taasun3ngsviaiil
o a ) 1 1 a 4
9191M3 1Mz ¥3e019 19 UMM UIBAUMATAMNTAMUIUAIIG TAsTIUNINLNS A

1 dy o ?x’/ ds! Y A [ o a o’gl/ Y 1 9Y o a a 4
Wany uﬂmmuiﬂamﬂQﬂ‘umimqmmmmmwuuq mstleumldnuauidnluunsng
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° 9 a = vy 9 ' Y
81115071 14 Tagausn TunH a9 0098 28015131955A (Space)  UAALUDIVLULIAIY
IATOINNTEY « ; ” (Semicolon) H3OAIYAITNA Enter 191

>>F=[357;11 17 18]; Enter

% [ [ 9 o a A 9 I a d A

A20810%U AINMIINMINGasg Tunsaane Tiuemsngasgauilummsnsine
10

T A & ¢ v ¥ 9 P & P
P=XX tlo X Wunnmeinan (Column Vector) AdUUA3 19005 VUMK HUINKOT UA191N
= o o A
199 12 Taglyddene
>>X=]:12; Enter
>>X=X/; Enter

>>p=X*X Enter

"3l Command Window

EI »r H=1:12;

x H=H':

»x P=EFE!

P =
1 2 3 4 5 [ 7 g El 10 11 1z
2 4 g 10 12 14 16 15 zo 22 24
3 g ol 1z 15 15 21 24 27 30 33 36
4 g 1z 16 z0 4 28 32 3G 40 44 43
5 10 15 20 Z5 30 35 40 45 50 55 =]
g 12 15 24 30 36 42 45 54 &0 1] 72
7 14 21 28 g 42 49 56 63 70 7 54
g 18 24 32 40 43 56 64 & (=n] =13 =l
9 15 27 36 45 54 63 72 g1 =] Qg 108
10 20 30 40 50 60 70 g0 =] 100 110 120
11 22 33 44 55 66 7 (=11 Qg 110 121 132
1z 24 36 45 60 72 G54 =1 108 1z0 132 144

MW N2 MSNgaTHaIL 2 D 12

4. SIMULINK 11096134

I3 a J o J
T1/51n53 Matlab #1159 51009NAd0D HazIATIZHMNTINNUVBITZTVUNAMAAS 11
a . d 4 { 1 o
iFana 1aTaen 1519 Simulink Failuaseaiio Toolbox Noglulilsunsy Matlab Tasazviran
Y Y 1 A A 1 . . v 2 o 1 . . o
amelamihaeiitlunsiFouasniagilnn (GUD 404 Simulink 1114 #1791 Simulink 119107

A99A1AD Simulation 1a¥ Link 01319974 Simulink 9203291 1Aen13111 Block  1uniiang
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1 o 4 o g’; { < a ]
Library-Simulink 319Uy desmsuazausosnasszuy lanaszuundhudadu T
I a Y ' A [ A o o Y Y a A
Wwdudu szuunameiiiowas bisoiesnmsiiassszuuansanszila lnedloudunan
flowan 'l
I 1 { A a
Tdsunsy  MATLAB/Simulink 13y T1sunsuludrunmmaudinluldsunsy
= o A o A g 1 Y] ]
MATLAB %931 Tlsunsuamuianseaaunulse lexiod1avainvate 1951 N3 1 ulansy
a 4 g’/ o Aa o A Y 9 ! [ 4 J
nnaamaasIuge ,mmalurdulsmennaunis ,mMslsnusunuasandsgluuy
[ < 1 2’/ I 4 1 4 o
arpudy Tuaiuwes Simulink dwilwnsestionlFlunsenTsunsuierifnouved
a 4 9 . I [ o YA 1
aumInuadiamans laald3iiunved block Diagram Hunanylnianudisuazazainuin
2 2 o @ J kS I3 ey qe
gavu dmsueentlszaeuvedllsunsuiv szauisoaiauudiasld lasly Building Blocks

Aa Y . . . [ A
AU 14910 Simulink Library Browser A4010N 0.3

[ simulink Library Browser =13
Fle Edit View Help
OE = 6|
Bus Creator: This block creates a bus signal from fs inpus.

Constart

men | Data Type Conversion

o
]
E

Discrate-Time Integrator

Gain

Ground

in1

1 Additional Math & Discrete
W Aerospace Blockset
W COMA Reference Blockset

Integrator

B Communications Blockset Logical Operator
W Control System Toolbox.

W Embedded Target for Infineon C1667 Mo
W Embedded Target for Motorola? HC 1
W Embedded Target for Motorala? MPC!
W Embedded Target for OSEK/VDX?

B Embedded Target for TI C2000 DSP

W Embedded Target for T C6000 DSP
= . _,;I
»

Outl

Produet

Ready

|
156 —00F 8 B Y E— 1]

Relational Overator

a

v ¥
MNN N3 Block Diagram ﬁugmiu Simulink Library Browser
Y
TuTdsunsy Simulink Wy Mss1aeefynivge1denisad19unugil (Simulation
Diagram) (oM 3fuia Msi wazdwudyana Joyann block rileazgndiinlisn block
& ' 9 A N ' @ =~ v d 9 Y [ [
vililagazruduiFouaosznieny Tasidusoguaansvosdoya lanateanyueng

Oscilloscope 1130 Display Taga1u130taena1nludiuved Sink 490 1WH 0.4 1ag n.5
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‘Simulink Library Browser =101%]
Fie Edt Yiew Help

D& = da|
Bus Creator: This block creates 2 bus signal from #s inputs.

iix

Fie Edt View Simulston Format Tools Help

DEH&E| sERc= 4= r mfoo [vom  [F]]L

= T Simuiink -
| Commonly Used Blocks
2 Continuous
. 2] Discontinuities
... 2] Discrete
25| Logic and Bit Operations
2] Lookup Tables
] Math Operations

Constart
Data Type Cony
Demux

2] Model verification Discrets:-Time In

- 2] Model-wide Utilites
.. 23] Ports & Subsystems
.. 3| Signal Attributes
25| signal Routing
2 Sinks
4 Sources
2 User-Defined Functions
- 23] Additonal Math & Discrete
-8l Aerospace Blockset
| CDMA Reference Blockset
B Communications Blockset
B Control System Toolbox
Tl Embedded Tarcet for Infineon C mjlll
‘ >

Gain

Ground

In1

Integrator

Logical Operata

M

— (L 6 @ VER—i|

Ready [100% [ [odeas 4
Ready

MUN N4 NS uad eIz uUs1a99U0d Simulink

1=

File Edit Wiew Simulaton Format Tools Help

DS EHE| 4B &9 <m0y =foo |[Nmad =] L

I : 2

Sine Wave Integrator1 Scope

=
| | »

Ready 100% lode4s 4

MNN N5 MIFDUADITLHIN block Y9I Simulink

5. NNV block Wig111Y Simulink

%4

n. uraInuHAN Y I (Source) HAZUNAITAITYY I (Sinks)

v v

NauYDI Source NMvuaN IHIzUszno DR IBIaIR IllaToyans O YRy 1B 13U

1 o a 1 { 1 o a Y] v J 1 o a [
unasn a1 (Constant), HraInUadyUIuUnNad (Pulse Generator), HAEaINUUAT YUY

4 1 o A o a { o § o o
51 lan1i (Sine Wave) visounastuiadayanaunitn (Clock) Ninldesunaimstiasstlym
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I Y @ ~ 1 . I oA 9 o [ 9
Lﬂu@m ANNINN 2.28 NRNUD Sinks Lﬂuﬂquﬂ%i%ﬁmimﬂumaya (To Workspace) Uae

Y . I Y @ ~
LERINaveIM Ay (Scope Display) Uy fan1ni n.6

E! Simulink Library Browser o ] 54|

File Edit View Help

D& 4 |

Sine Wave: Output a sine wave:

| »

Ot} = Amp™Sin(Freqt+Phase) = Bias

Sine type detemmines the computational technigue used. The parameaters in the two types are related through:

- g simulink -
_____ # Commonly Used Blocks Band-Limited White: Noise

{2

----- | Continuous

----- 2+ Discontinuities Chip Signal

..... | Discrete

----- #+ Logic and Bit Operations C‘—) Clock

----- 2+ Lookup Tables

..... 2+ Math Operations Constant

----- 2+ Model Verification —

..... 3| Model-wide Utilities

..... g borts & Subsystems Counter Free-Running =

..... #] signal Attributes i

_____ | Signal Routing _Tlﬂ Courter Limited

..... 2 Sinks

----- 2+ Sources Digital Clock

----- 2+ User-Defined Functions

[ 2 Additional Math & Discrete From File
(- W] Aerospace Blockset
[ Nl COMA Reference Blockset From Workspace
G- W] Communications Blockset

. i Control System Toolbox
E Ground

.- | Embedded Taraet for ITﬁneon CJGE?ILI

1| »
Ready

L

MNN 1.6 NGW block Y4 Source
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[ simulink Library Browser P ] 5|

File Edit View Help

D& |

Terminator: Used to "terminate” output signals. (Prevents wamings about unconnected output ports.)

- W simulink = ;I
----- %] Commonly Used Blocks Floating Scope

..... %] Continuous

..... 2 Discontinuities

----- | Discrete

----- %] Logic and Bit Operations
----- 2+ Lookup Tables

----- 2] Math Operations

----- 2] Model verification A
..... 2| Model-Wide Utiities

----- 2] Ports & Subsystems

..... ] signal Attributes

----- y Signal Routing ntitled. mat | To File

Out1

Scope

----- y Sources

----- %] User-Defined Functions

[ 2+ Additional Math & Discrete -
I _ | Ll_l

Ready

To Workspace

JHHEEenE

XY Graph

KN

MWN .7 QU block Y9I Sinks

[

H 9
INAINN 6.7 NGUVD Sinks WA
Scope A9 MIUAAINATYYINUTZUINMITIABITZUVUUODATA Taa 1Al
A < V9
To Workspace 19 Lﬂ‘UﬂWi’JiJ“aulﬂu Workspace
o 4 1 Aa 1 J
Stop Simulation ﬁ@ ‘Vifj‘ﬂfﬂii]'lﬁ’t‘)\ﬁgﬂﬂlﬁ@ﬂT@uV!@flﬂ'n%J!L@ﬂ@nﬂﬁﬂﬂﬂuﬂ

Display Ao M3LAAIATOYAUU Block

v. MIAUHUMINMIAAAAAAS (Math Operations)

[

U A = Y A A 9 [ o A a g = dy
nau Math Operations ¥V UINNYIVBINUNITAVUUNITAUAATATANG WAIU
Sum ﬁ@ ﬂTﬁi'JllWai'Jllaqu@

Product A® N15%11A1 Dot Product maﬂlﬁﬂlﬁﬂ§SHWQ

. A a 9 1 d‘ . d' o
Gain 19 NIIYUIUNAAIINININ (Gain) NMYUA
Abs ﬁ@ ﬂTﬁW"I‘ﬂI"I Absolute "Ui’]\iaiﬁ/!@]

1 & a 4 a
Math Function ﬁi’] ﬂ1TH"IﬂTWQﬂsﬂuﬂ]QﬂmﬁﬁTﬁﬁiﬂlﬂﬂﬂuwG’I
Trigonometric Function fi® M3MINaNTUe3 InailAv090UNA

Rounding Function A9NsMIiandumsilaeyuosduna



= Bl simulink =
----- y Commonly Used Blocks

..... # Continuous

..... 2| Discontinuities

-
Abs

£

..... El Discrete
..... | Logic and Bit Operations w2 .g?'fj =| Algebraic Constraint
..... % Lookup Tables
..... i U= .
2+ Math Operations U2 vy ¥ | Aesiarment

..... 2] Model Verification
..... #+] Model-Wide Utiities
----- y Ports & Subsystems
..... #| Signal Attributes

Bias

c : T+
b <
B

Jul )
,,,,, 2] signal Routing {ﬁu Complex to Magnitude-Angle
..... | Sinks
----- # Sources Complex to Real-mag

..... %] User-Defined Functions
&) 2 Additional Math & Discrete -
Jd= S _'I_I

Divide

I [EF
Kl

MWN 1.8 NGU block Y9 Math Operations

A. MIUAUAYYIM (Signal Routing)

3
m

= Wl Simulink. g )
..... %+ Commonly Used Blocks = sigE:‘u:l LN,
----- 2+ Continuous 0
----- ] Discontinuities B freao
----- m Discrete
----- | Logic and Bit Operations Bus Selector
..... 2] Lookup Tables
..... 2+ Math Operations =
----- 2] Model verification —
..... 2+ Model-Wide Usites =7
----- | Ports & Subsystems e,
23] signal Attributes TEN
----- | signal Routing e

1

Data Store Memory
Data Store Read

Data Store Write

..... 2] sinks

----- m Sources

----- | User-Defined Functions

(- 2] Additional Math & Discrete _,LI Cut|  Erwironment Corttroller
»

I |

Demuoe

m
E|
K

MNN N9 NGV block Y4 Signal Routing
o A s v 9 Y a o 4 Y = [ 1 o
lumstaesszuunianudugou v19ATINANUI NI uABIIMITUA Ty IVUIN
J & 12 1 ] = Yy 9 A ' o =
duniwessz Uy llgdndiunilnvesszuy aamsladudenes luazainlumsihau a9
v A g . . o Y A 3 =
block Tunguiniluilszian GOTO, FROM, Multiplexing &1 1¥umugiiauiluseiiouuin

]
UU
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N

Q

. Continuous

[

z1l52neUA8ngu block A1FeFelarduFudu dail
Integrator 10 NM3OUNINTAT YD1
Derivative iD MIMBYWLT luFana1vesdayaa
State-Space 9 MIA31932 VY Line-Time Invariant 1ug iy State-Space

9 .
Zero-Pole ﬁ@ N139 319 Transfer Function Glug 1Ju11) Zero-Pole

= T simulink =
..... ¥ Commonly Used Blocks
..... 3| Continuous

duidt Derivative

1

..... # Discontinuities 5 Integrator
..... #+| Discrete

. . i ® = Ax+Bu
----- %+ Logic and Bit Operations = CxeDu State-Space
----- %+ Lookup Tables
..... % Math Operations Transfer Fcn
..... ¥ Model Verification

..... 2| Model-Wide Utilities
----- g Ports & Subsystems

.

5+1
..... ] Signal Atiributes

B

o

Transport Delay

..... #| signal Routing Wariable Time Delay

----- # Sinks

----- y Sources

----- ¥ User-Defined Functions

- ¥ Additional Math & Discrete =

Wariable Transport Delay

Femn-Pole

MNA 0.10 ﬂtjﬂJ block U484 Continuous

9. Discrete
9 ' Hq Yo v A oA
ﬂ%ﬂizﬂ@'ﬂﬂﬁlﬂﬂqu block VII%%Tﬁ@QﬁSUUDﬁTqN@YﬂLu@Q JU
d v
Zero-Order Hold Aomsas1ailansu Sample-and-Hold
. A a & o '
Unit Delay A9 M3 Delay duna linilsniudaedig
Discrete-Time Integrator Am MIT3190UNINTN Discrete-Time
Discrete State-Space A9 M3a31952UD Discrete-Time Glug Uiy State-Space

Discrete Transfer Fen ﬁ’f) NI %J N Discrete-Time Transfer Function

Discrete Zero-Pole ﬁ’f) NI %J N Discrete-Time Transfer Function Glug 1/ Zero-Pole
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=- N Simulink

- 3| Commonly Used Blocks
y Continuous

- ] Discontinuities

.. *+| Diserete

- 2 Logic and Bit Operations
- 21 Lookup Tables

- 3| Math Operations

y Model Verification

- ] Model-wide Utlities

- B Ports & Subsystems

- ] Signal Attributes

- 7| Signal Routing

- Be] Sinks

- ] Sources

- ] User-Defined Functions
B 2 Additional Math & Discrete

( - |

Ready

55

n | Discrete State-Space

Difference

Discrete Dervative

Digcrete Filter

Discrete Transfer Fon

Discrete Zero-Pole

Digcrete-Time Integrator

First-Order Hold

w

MWA D11 NgW block Y94 Discrete

6. Mmamruamasnlunsdiaoaifayrin (Parameters Configuration)

v

o a 4 g a9y o ~ 9 =< v A ~
ﬂ'li%']ﬁi’)\?ﬂﬂJﬁ'ﬂUﬂ@NW']m@ﬁuu HUDAIUNANADINITE I ﬂ@isﬂsna”lmﬁu%clums

° o o ' a J o
flﬂﬁi’)\‘l‘ijﬂJuWTﬂ‘USZﬂzt?ﬁ?ﬂluﬂ”ﬁmﬁﬂﬂﬂifgﬁ”l L%uﬂﬂﬂWDmﬂi@ﬁ]%Z1%}538$L3ﬁ11uﬂ15%1ﬁﬂ\1ﬂ13

] =1 ~ ~ a =) Y A Aa Iq Y
aouauedlurg 10 w1 veaszuuNauladiag 1 317 M InszeznaINAduNUNDS 1% 1M1

o A 1 @ o 9 = a A o A . S 1
mavuvosdymnauleliassnulumssassdaymlasldszitioniTimeauaui Step Size a7

oA . A ' " = = Y A ° Y 1 <
lh]f"l\‘]‘ﬂ (Variable Step Size) A1 Step Size ﬂu?ﬂﬂq@tlagu@ﬂﬂq@ﬁTN"ﬁﬂﬂ']ﬁuﬂhlﬂ @fJ'Nllﬁﬂ@ﬂll

= a a o A \ A A 1 . 3 axd o a Y o
FEIUYUITLYIAUAUN Step  Size AN (Fixed Step Size) Wudsnunazdenlslumsdians

v itlesnnaunsoszyraenamsegavesnanaula ldegamiudg danini n.12

107




Ll co nfiguration Parameters: untitled/Configuration

Select:
- Solver
- Data Import/ E sport
- Dptimization
[=- Diagnosbics
I Gample Time
- Data Integity
- Conversion
Conrectivity
~ Compatibility
- Model Referencing
- Hardware Implement ation
- Model Referencing
(= Real-Time Workshop
i Comments
_' Symbils
i Custom Code
L Debug

. Interface

|

[~ Simulation time
Start time: [0.0 Stop ime: [10.0
: Solvet opbons
Type: [Variable-step | Solver: | oded5 (Damand-Prince) ~|
Max step size: |aulo Relative tolerance: |1 &3
Min step size: [auto Absolute toletance: |aulo
Initial step size: |a.|to

Zero crossing control: | Usze local settings

E

[ ]

Cancel

Help |
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% Model of Photovoltaic using MATLAB/simulink

k = 1.381e-23;
g = 1.602e-19;
Isl=1.83e-7;

N = 1.1753;

Eg = 1.115;

T1 25;

S1 = 864;

Voc = 21.3;

Isc = 5.31;

Rs = 0.0012;

Ki = 0.053/100;
coefficient (A/C)
V1i=(0:1:Voc);

oo

boltzmann constant (J/K)

Electron Charge (C)

reverse saturation current of diode (A)
Ideality factor of the diode : 1~2
band gap energy of semiconductor
temperature (Celcius)

Solar insolation (W/m"2)

Open circuit Voltage (v)

Short circuit current (A)

Series resistance (Ohm)

Short circuit current temperature

Il
oC o0 o° o J° o° A° o oP

o°

o

Voltage across diode (v)

T2 = 25; % temperature (Celcius)

S2 = 864; % Solar insolation (W/m"2)
v2=(0:1:Voc) ;; % Voltage across diode (v)
T3 = 25; % temperature (Celcius)

33 = 557; % Solar insolation (W/m"2)
V3=(0:1:Voc); % Voltage across diode (v)
T4 = 25; % temperature (Celcius)

S4 = 700; % Solar insolation (W/m"2)
V4= (0:1:Voc) ; % Voltage across diode (v)
T5 = 25; % temperature (Celcius)

S5 = 600; % Solar insolation (W/m"2)
V5=(0:1:Voc) ; % Voltage across diode (v)
To = 25; % temperature (Celcius)

So6 = 500; % Solar insolation (W/m”2)
vVe=(0:1:Voc) ; % Voltage across diode (v)
nsS=36;

nS1=36;n352=18;nS3=18;nS4=36;nS5=36;
nS6=36;nP=1;RL=0.1;a=0.8;b=1-a;
P12=P1+P2;

figure (1)

plot (Vl,P1l, 'blue',V2,P2, " 'red',V3,P3, 'green', 'LineWidth',1.5);
grid on;

xlabel ('Voltage [V] ', 'FontSize',12);

ylabel ('Power [W] ','FontSize',12);

axis ([0 20 0 701);

hold on

figure (2)

plot (Vl,I1, 'blue',Vv2,12, " 'red',V3,1I3, "'green', 'LineWidth',1.5);
grid on;

xlabel ('Voltage [
ylabel ('Current [
axis ([0 20 0 51);
hold on

V] ','FontSize',12);
Al ','FontSize',12);
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SHARP

.+ be sharp

NESOE2E
80w

Photovoltaic module polycrystalline

POLYCRYSTALLINE SILICON PHOTOVOLTAIC MODULE
wiTH 80 w MAXIMUM POWER

Sharp's NESOE2E photovoltaic module is designed for large
electrical power requirements. Based on the technology of
crystal silicon solar cells cultivated for over 40 years, this
module has superb durability to withstand rigorous operating
conditions and is suitable for grid connected systems.

Features

m High-power module (80 W) using 125.5 mm square
polycrystalline silicon solar cells with 12.6 % module
conversion efficiency

® Photovoltaic module with bypass diode minimises the
power drop caused by shade. Anti reflection coating and
BSF (Back Surface Field) structure to improve cell con-
version efficiency: 14.0 %

- Using white tempered glass, EVA resin, and a weather-
proof film along with an aluminium frame for extended
outdoor use

B DC 12V system

= Output terminal: Lead wire with waterproof connector
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Specifications Nesoeze

Absolute maximum ratings

Parameters Rating Unit
call Polyaystalline silicon selar cells,
125.5 mm sguare Opesating temperature A0 to +90 o
No. of cells and connections 36 in series Storage tempesature 40 to +90 5
Application DC 12V system
Maximum system voltage DC 540V
Series fuse rati 104 - e
i Temperature coefficients
Nominal power 2w
Dimensions 1,200 % 530 x 35 mm aPm -0.485% ( °C
Weight 85kg alse +0.053% 1 °C
Type of output terminal Lead wire with connector Vo -TBI mV/ °C
Electro-optical characteristics
Parameters Symbol Min. Typ Unit Conditions
Open circuit voltage Voc - 3 v Starickired the¥ condHione
Maximum power voltage me - 17.1 V' (]
Short dircuit curent lee - 5.31 A Imadianca:
1,000 Wim*
Maximum power cument lom - 467 A i
Maximum powar P 760 800 w AM 1.5
Encapsulated solar cell efficiency e A 140 % Module temparature:
257
Modula efficiency nm = 126 %
Characteristics Applications
crust vokage, short gt u Grid connected residantial systems
e, power vs vohiage characisstis Epm\&lmlsmnmmm Nomatead b Vo, Py ' module e
[mocule tempersiae: 35 °0) [moduie Empesie 25 70 Iemperge Akl » Office buildings
e = = 6 T
o MM—-—.. - su oz % u Solar power stations
. \ 2 e Vs = be ;
z* il - e s P - u Solar villages
T, lm - £ g : i o e
R iy = u Villas, mountain cottages
2 L ACU N PR 3 =
B 5
= 2 Y u Pumps
1 = ;l B ‘g 5 “ P
k 3 o o A w Lighting equipment
0 0 400 €0 PO W00 -0 25 - T 08 7 o
Volige (V) — cumet s witas rateng (Him’) Cell emperatee (°0] u Traffic signs
— o ltage
m Radio relay stafions
Outline dimensions 3 paacons
u Telemeter systems
A& Cross section
I R A w Talacommunication systems
|«| solw ol mtaripnacter” ) 2 B =
E g
: H -
. B Sia su || f 888 Solar cal
Frama In the absence of confirmation by spedfication sheets,
Sharp takes no responsibility for any defeds that may
ocour in aquipment using any Sharp products shown In
soom Lead wire catalogs, data books, et Contadt Sharp In order to
-.-';_n Eloctrical ousput cabla ——— obizin the [atest specification sheets before wsing any
x = 1 i I Sharp products.
na
O bon S TRRGHEE A [ ew Spectiications are subject to change without notice.

SHARP

Cantral & Eastarn Europe
Tel: +43-{0)1-72 7190 - Fa: +-434001-72 11 9141
www.sharp-cee.com

France

Tel: +33-{0)1-4990 34 00 - Fax: +33{0)1-4B 6326 11
wwwsharp fr

Germany & Austria

Tek: +40-{0140-237 60 - Fax: +49-(040-2376 21 93
wwvisharpdafsolas

Italy
Tel; +39-02-89 5951 - Fax: +39-02-8953 0895
wiww.sharpit

Spain & Portugal
Tek: +34-{0)03-5 81 5700 - Fax: +34-{013-6 7546 11
www.sharp.es

Nordic countries
Ted: +46-{0J8-634 36 00 - Fax: +46-(0)8-6 34 36 10
Www.sharp.se
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Switzerland
Tal: +4140)1-846 61 11 - Fax: +414{0)1-B46 62 15
www.sharp.ch

Benalux

Tal: +31-{0130-6 359500 - Fac +31{0130-635 9595
seowwsharnl | wwwsharp be

United Kingdom

Tel: +44-{0)1 61-205 7333 - Fax: +44-{0)1 612057076
wwwshiarp.oo ukisoiar
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Abstract

This paper presents the study and analysis of
shading effect on solar module. Due to the fact that a solar module
consists of 36 cells connected in series to produce desired voltage.
The partial shading effect causes the cumulative heat on shaded cells
then the maximum power produced is really reduced. Accordingly. it is
necessary 1o study of shading effect on solar module. In this research
work. the solar modules are examined on partial shading effect with
actual sun intensity and to be compared to the results of simulation by
computer program. The experimental results are able to be stated that

the power loss of solar module is based on the number of shaded cells.
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In fact, while the cells are approximately shaded of 20 percent. the
maximum power produced is reduced. When shaded cells are increased
to 40 percent. the maximum power produced 1s also reduced
significantly.

Keywords: shading on solar cells. PV system. maximum power
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Abstract

This paper presents the study and analysis of shading effect on solar module. Due to the fact
that a solar medule consists of 36 cells connected in series to produce desired voltage. The partial
shading effect causes the cumulative heat on shaded cells then the maximum power produced is
really reduced. Accordinaly, it is necessary to study of shading effect on solar module. In this research
work, the solar modules are examined on partial shading effect with actual sun intensity and to be
compared to the results of simulation by computer program. The experimental results are able to be
addressed that the power loss of solar module is based on the number of shaded cells. In fact, while
the cells are shaded of 20 percent approximately then the maximum power produced is reduced.
When shaded cells are increased to 40 percent, the maximum power produced is maximum power
produced is maximum power produced is also reduced significantly.
Keywords: shading on solar cells, PV system, maximum power
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Abstract
This paper presents the study and analysis of shading effect on solar module. Due to the fact that a solar module
consists of 36 cells connected in series to produce desired voltage. The partial shading effect causes the cumulative heat on
shaded cells then the maximum power produced is really reduced. Accordingly, it is necessary o study of shading effect on

solar module. In this research work, the solar modules are examined on partial shading effect with actual sun intensity and to

be compared fo the results of simulation by computer program. The experimental results are able to be stated that the power
loss of solar module is based on the number of shaded cells. In fact, while the cells are approximately shaded of 20 percent, the
maximum power produced. is reduced. When shaded cells are increased to 40 percent, the maximum power produced is also
reduced significantly.

Keywords: shading on solar cells, PV system, maximum power
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Abstract

This paper presents the study and analysis of effect
of light mtensitycaused by shading effect on solar
modules. Due to the fact that a solar module
consistsgenerally of 36 cells connected in series to
produce desired voltage. The partial shading effect
causes the power loss on shaded cells then the maximum
power produced 1s really reduced. Accordingly, 1t is
necessary to analyze the shading effect on solar modules.
In this research work. the solar modules are examined on
partial shading effect with actual sun intensity and to be
compared to the results from simulation by
MATLABSIMULINKE program  The experimental results
are able to be addressed that the power loss of solar
module 1s based on the number of shaded cells. In fact.
wiule the solar cells are shaded of 20 percent
approximately then the maximum power produced 1is
reduced. When shaded cells are fully increased to 40
percent, the maximum power produced is also reduced
significantly.

177

Kevwords: shading on solar cells, PV system, maximum
power
1. umn

- - + 8
magniun lunsuradudeindiz dnansznunanaizad o1

g

\ pioéis 2 - 4z ;
wAnziTad 1 143 varmeduuas lulTuaiiniiy wadnmaia
. =iy marm e conon SELE - »
Tunnuraduaerineniiis hRmadmmuiansaien|a
_ o s .- i #
amlnd uaziwadignianaznendnuaaniniasninyadau
: = ¥ P
FUAAD HIEUTIAMT ATHNITAUYAVIL UK 19EE
N 3 g p 55
waaaing | uradnlizneudisiusas 36 ivadrauuuaYnTY
a E: a -
TaeldTilsunsa MATLAB/SIMULINK AQUANTT 188 9UAUTAALAT
- » ¥ . *
wdtaing 1 unanageuwinsldulfs P-Vuas LV azhill
JE N oo
Tnanuazas Inas aufimsduauuunusadaaud astaaiosaz
» a 1 i -
20 wudsiasaz 80 wawde Iwameg uasinsnfFaudsuduns

wamauluaniizaialaslfunuvaduaniiing waauivn Sharp fu
NE-80E2E

AT 14 PYAVBWHLTAAUAIB1TIAE Sharpiu NE-S0EIE

Parameters Symbol | Min | Typ. | Umt
Open circuit voltage Ve - 21.3 v
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