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ABSTRACT

This project presents; the desien-of solar charger for charging the lead-
acid  battery /of “12V,-60Ah/20hr. by \using 3. charging states ;: first .state is constant
current charging by ‘using ‘high-current ; second state is ‘constant voltage by charging
the battery untit-the capacity is 95%in order to' save-the-battery life cycle and the
last state is floating wvoltage «charging, that is used to’ protect self-discharge of the
battery.~Moreover;. efficiency-and economic facton -are“compared between :he

designed and the commercial one todevelop our charger in the future.
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wisumdeliasunn  3nsUssquunmstuvviaziietuszdisineryueuumaoils
[23,24]

WAYNI9U3E RUALABIIUNTSWERY (Constant Current)avldsvaunszuail
gilumsuseglngliviliiunineslewe idn dmsuiaineinsi-nsnautsayseyldluseiy
nsvualaliu 0.2C A, (C flomguaaniaeingia-nsn) [25] wetostudunsiafierainiy
FuunAeI 126]

n1sUsEguURInR3sol sRliiae (Constant voltage charge |, CV) o
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Feiterlifiannasliusslevigagaanunagaduasaiod n1saavaums
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Tngldnszualiiiiin 0.2 M3Useafeussduluianeit (Constant voltage charge , CV) 1y
msUssaidiouummeiiinnudilng 70-90% vespmnuqgeaauay mavszadaousasuluih
Unii (Floating voltage charge , VF) Lﬂuanwus-ﬁ’uuml.ma%’ﬁﬂﬂuqL?Tﬂ'lné'mmqqqam Faudy

al ot ol '
dnszuuniandanuuiauls [29,30]
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seduusIiulihaudpsfifesnisusrquunnadld Samunuasldlilasaeoulnsaiasd uavld
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2.1 vuiiwaduaning (Solar cell)
2.1.1 vannmsmaulaeniluveswwadugsaning
o I3 = (4 = a‘ as [ [ 17
M3vuYeNgaauaee19ng Lun1sidsundsunaadundsanulniiilg
dl d! d 1 =l ar s E} a/ o = 1 1
Tnoasy Wenasdadumduwimdniniuasingdsuannsenuiuansieing azinnisadsene

s 1 o % o P d] AJ - o =3
WARUTENINNY WasuIINLasasviliARN Srdeunvanszualni Bidnasew) Tuly

o2 w o = ' o ' I o o
A15090717 ansanemss@ WA gnanluldaule (U309, 2:1) [31]

Front electrode () S”':']ight sunlight

N 1] Sunlight
Anti-refles tion coating\ 2 .

N4ype siicon (P+)— V.9’ G
= W7 > = T

: / ﬁiﬂ“ﬁ
: l"" (1>

-~

e P e e

P-type silicon (B-)

Back electrode (+) ¥

——» - Current

= o € = e
Eﬂ‘VI 2.1 AN N UYDILGDALEIDINAE

2.1.2 ANTIOUSVRILHILUAR LEIRNNRE [32]
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= =l W 1 [ a as & o 5 ¢ =l a1
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2. aurnvanszudlWilgnaees Ao aslidnungyunlfeafuiuen v,
TnevilUuddmiuivadiaerayituaenssudlniiderdaslainy 2.5 A
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P =TV (2.1)
4. AWaunaAmas (Fill Factor) ausamlaainanudunusie
Fill Factor = tm (2.2)
Po
Taed
P, =1,V (2.3)
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5. msmAlseAnsnanvenwas (Efficiency) awnsamlaainaunis
sioludl

wEnilwihgeandldanwad (mW)x100%
wénuldanuas (mW /cm?2) Xduisuuas(em? )

Efficiency = (2.5)

af :Id 1 =
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1. AU UYD LAY
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Relative current, I

Yeltage, ¥
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U 2.4 mmiduiussendnnse sualviiuazusasiulvifiaftaamgiisneg
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2.2 79930 USTAUWSIAY (Buck Converter) [33]

$ 7] o

NIMBUSLAUVUTINU-AD 1AsHVAsgruLssadld i onilandinga
) 1Y [ o v ) v <l & . v
wsanulniaauts wazolnlausiulwihauseniiimaufunssuansaunng seiould
= l': ] . = = Lo -~ a
NIINTOIANUDAINI (Low.pass.filter) Falngunavidenlyadsnsaiwuy LC wws1eiidnsn
nsaavneudyrusunuilineanis induiumdsaesveInud

[

N33R TIILTaRIeusEiuLssuludiiduannzag i
o d o a s s ﬂv
(Steady State) dziimsimuaRauluN15¥UVBIRTNOUTEAULTIFURT]
1). nssudlwiilvaiusmiloniluusasaunatesiiauiniy
i(t+T) = iy() (2.6)
=t Jl 1 a ﬁ: o = 1 a . ) = @
winganszualninlvariuiivilenieedidwindu a sundadertulu
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as d‘ ) ar ci o ) 1 [ ) L3
2). Lmmu‘lwﬁﬂmaamnﬂsa:ummumuﬂuumazmunmwﬁmm*muquu
1 ~L4+T
=V Wdr= 0 @.7)
=t 1 LY 1 LY d ) a i
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< o oo 3 =) oW «
3). nszualviiiadsveshiivdszluudasauiaasdidminiugud
1 pt4+T .,
I. = ;ft i () dt= 0 (2.8)
= | < o
wieiiadseangniiu (Charged) wazfine (Discharged) vawifulsealu
WAAYAUNAITABIVIINY
) Madilnidudaihumalwsiisiueen
nsaliifualiguasainniutugauni vialwldiinsagdoidorminnsiniusees

Useansnanwuaeedsdananusaamdasiius

2.2.1 RANNISHINUVDIIIASNBUTSAVIS IR
o o a a é i L) 1 4
YANNITVINIUDDNINBUSLA VLS AU AN Tz oanwuulusssu Wi a1
o v s = o o W a d ' @ o ° )
2ONAIUNABINTT A-Aoa NI NRauleNI St adsnanAsaus unilt v Tunsay
-l 1 W 4 :‘: -3 A-L 1 as rJ o vV a,
AUaIA AN UL MATuRITaNnSoIAszaniraiiu Mt i leReaunasi (2.10)
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Vi=Vi-V,

. + -

3UN 2.6 avsaunaLiiaaindiinsLia

—Vé + VL = VO =0

A

=Lt

9__‘_11 = Vs=Vo

dt L
dt lunseleglugsnaniinsvua fodt = DT

Aipon =(£%2) b1 (2.10)

YuaIngliunTong

U 2.7 2esauyaudleadadliihnssua



16

P ™ ) ) [ 1Y . v o

Weaindlivinszua Ialenszgnludaludramin (Forward bias) Ivinszua
o § v ' w o o - ' | ¢ p? v
vilinseualwiilvarusmileninAnnisivastissoiies uazannguesaeiverierls

aunisveansnulursatl

V.= =%
= = [0
= -Vo=1 dt
8. Mefk . FW
dt ~ At L (2.11)

AUNUNYUBIALNITN (2. 11) Fo-nsellanlyariuiiviioniazasy i)
= a P ol &
anad wsznsidgutidainseiamwisnivanaianiuau
o ' o - v U =
dt” lunsdlaglutaigamendinsuiafio dt—= (1-DT \waiuainaunisi
(2.11) auaspdngUImileilu

Btrorr = ~(2) @ ~D)T (2.12)

2.2:2 MSWIRIASINITVEIDUTINUTDIINSNAUTEAULTINY

1 =l

- = o - i 1w
aaneulenivualiTuaunisy (2.6) narafe 'Lu'uwamaxasgm A9
Pe) o 1 % o ° o, = o dbo = = -
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(Ve—V)D—V,(1=D)=10
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Vo __
E-— D (2.13)
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= J = Yo
ho=1,="% (2.14)

N3 2.8(9) ramnsomnszuaiivasuimilonif fifiingeaauazean

a

Tanaumslugefiadndlivnssuasad

Al

Iumax = I + "zi
Ve 1]V,
lmax = 2 +3[2 (1= D)T]
1 (1-D)
IL,max =¥ [E * Z_Lf—] (2.15)
Anlunszuadmilenimantia
Aiy,

hmin 7/ AL~

Vo AV
lymin = 225 ;[19'(1 = D)T]

Vo [z 2] (2.16)

I min =

i d o a o o 9 J 1 . dl o
Weulandrfydmivnisiianvlulnann s suali i nadaudwidoia
- - ' o - ° ) o) o
wuurelfios fonsulaninasiuamilaningdondunsewauanians auntsi (2. 16) s
o [] ) (7] - o (i} - 10 « < <
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N3 3.2 MARINTNTIITBRSATDIUTLUUAADIFIILUSENDURIE9DT
INW1sEAULSIA (Voltage Regulator) gadunaalwn (Mosfet Drive) 299598usERULSINY
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2, PV Simulator

3. Buck Converter

4. Junction box

5, Battery Lead-acid 12V 60AH/20Hr
6. Oscilloscope

7. Power Quality Meter Fluke 43511
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4.2.1 MAaUNI5UsEUUALADT IUADIULATUEAST (Constant

Current)
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14.6 Taadt lunnf Arpudiuuasuasgaumgi

1.) Anuduniusszndnanudaiuaiiainnlafia (Duty Cycle)
MINARENNENTTINAD LAY AGLAIETING WagyiInTsUSUAIAILS LAY

= [ i o ay Al i <
U7 600, 800, (A% 1000 Aaasonis14.16s Ingranamomailin 37 muwa@oa wiom

AL UG Ss I TiLa AL lAR Duty Cyele)

20150517 16: [ ——=——=z23710), . Nornal
! 100MS/s  10Msitie .
| [CH1 16:1 |

20.0 Urdiv |
(DC  Full
CH7 /1

Duty 39.52%

1
!
|
|
|

Current 8.133A ||
|
|

Avg(C1)  16.80730 Avg(CZ)  B.13265V
Rms(C1)  28.9766V Rns(C2) 8.13360U
Freq(C1) 25.00000kHz Freq(C2) 50.00000HHZ
Duty(C1) 39.52x Duty(C2) 50.00x

(n.) NTUANMUTULAS 600 TAARDAITIUUAS
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100MS/s  10H5Aiv

20.0 Usdiv

l CH1 16:1
| 0C  Full

|

I
I
|
|
ty 39.02% ||
|
|
|

Edge
Auto

Current 8.116A l

AVG(CT) 2099750 Aug(c2) 8115360 [RPosition
RnS(C1) 3265430 Rms(C2)  8,11674V

Freq(Cl) 25.00000kHz  Freq(C2) 2.439024Miz | -0.pediv
Duty(Ci) 39.02« Duty(C2) 2.44x

1
|
|
|
|
|
|
|
|
|
|
|
}
|
|
|
|
|
|
|
|
|
|
|
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|

(9.) PTAULTYLAS 800 TRANEMNTINUUAS

£015,05-17 16:11:18 — —=1ao¢  Normal
100MS/s Al

s | [CHT 16:1 —

| | 20.0 Vsdiuv

f_ | nC_ Full |

I

c
|

Edge CHZ £
Auto
14.35 U

|
Current 8.075A

P._—m«,_..n
! Duty 37.10%

Avg(C1)  20.37870 ~ Avg(CZ)  8.07386U
Rns(C1)  33.1042V Rns(C2) 8.07568V
Freq(C1) 25.00000kHz Freq(C2) 1.724138HHz
Duty(C1) 37.10x Duty(C2) 98.28«

(A.) NSAUANULULET 1000 TRAfamIINURS
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=
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2.) Anudunusszuiaamaliuazianlefia (Duty Cycle)
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Jnitialize
|

Avg(C1)  22.9119V

Freq(C1) - 25.00000kHz

AVg(CZ) - 8.17337V
26.93966KHZ

Avg(C1) - 22.9137V

Freq(C1)  25.00000kHz
8.13596
25.49070kHz
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(1101 Normal
100MS/S  10u5/div Aty

16:1

|
| ;
20.0 Uiy
Dgfhll_’

|
|
|
|
[
l
|
|

Edge CH1 §

Rns(C1) 34.8291V
Duty(C1) 38.557
Rms(C2) - - 8.12455V

__Duty(c2) 40.46x

.
Store
Recall

1ok Normal
_100MS/s  10ms4iy

I'[CHT 16:1
|| 20.8 UsAiv
DC ' Full

Rms(C1): 33.8333v
Tuty(C1) 41.55%
Rns(C2) - 8.13705V
Duty(Cz) 56.41x
F N
Store
Recall

(v.) nsdlgaungll 40 serLaLea
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£2015,05-15 12:13:42 [— — —————1ox  Normal
100HMS/s  10usAliv

(EHI 19:1 =
20.0 Usdiv |
f [DC  Full
1 |
Duty 42.55%

Current 8.057A
Edge CH1 §

l Auto
Aug(C1) - 22.8348V Rns(C1)  33.5324v 29.6 U
Freq(C1) ' 25.00000kHz Duty(C1) 42 .55z
Avg(C2) B8.05584U Ras(C2) - .8.05700U
Freq(Ce) ' 24.37835kHz  Duty(c2) 41.91% | SETUP
l A

f
|

Store
Recall

(A.) NIlgungll 50 oarwaldes
JUN 4.5 dyaiminssiaiazinalolia (Duty cycle) sludaLeamnlunsdisag

e
(AOUENILLLAR)

VINGYT 4.5udasbimiifiogam vty vinlsien@amlelia Outy Cycle)

Tuunlduiudy wasamaunsh 1 wag 427 laeiiuszavsnn (ef f) Uszunw 83
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422  n1IVAEIUNITUTEIUUALADILUADIULUSIAUASN  (Constant
Voltage)
i Y 1 o as
msUszquuamasluanueiidunisusygronnaniugnszuansd Woussiu
qju’.la = e L= 3 b o o a ol
YUIvBIUANSYMEUTERIAINY 1.6 Taad uaniimsiidaussiuiildlunisuszaa
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LUALABS WHANAANUTEN 14.6 1has N YRVOIANMTILAUAT AT
1) AnuduiussEninsanudunasuaziaileida (Duty Cycle)
MNSNAADIAENITTTE DN A ANEANOTRE. LAYy A5 USUANAILIT LA

- v & a0 Al = al -

U 600 , 800 waz 1000 WAADMITILUAS Iﬂﬂmwmqqumﬁw 37 29N ALEE WK

AUENTUS ST AR TaasRaR leiRa (Duty Cycle)

£015-05-15 17:19:52 == = : 1ok Nornal
Stopped 355018 100MS/8 . 10Hs/div
[ Maing i B

Voltage 14.582V

~ 21.6386U Aug (C2) 14.5818U
Rms(C1) 32.7849V Rns(C2) 14.5824V |
Freq(C1) 25.00000kHz Freq(C2) 50.00000MHz | =2 .20div
Duty(C1) 40.00x Duty(C2) 50.00x |

(N.) ATUAMUTULET 600 SAFROAITINUAS



a1

2015,05/15 17:21:59 = jtox  Normal
Stopped 357044 100MS/s  10psAdiv
I Main: 10 | CH1 16:1
20.0 Usdiv
IC Ful1

Voltage 14.573V r

1

Avg(C1) 21.50130 aAug(cz) 14.57260 -
Rns(C1) 32.9833V RMS(C2)  14.5733V

Freq(Cl) 25.00000kHz  Freq(Cz) 20.00000MHz

Duty(C1) 39.00x% Duty(C2)  80.00%

@) ASUATINUNLER 800-IARARA1TILLNT

2015,05/15 17:23:05 - : - s=——qtor _Normal

Stopped 358120 ' ¥ ! 100MS/s  101sAliv
I 1 f

I CH1 10:1
| “20.0 Usdiv
Duty 38.50%

DC  Full

ge 14.600V

AUg(C1)  21.5715U Avg(C2)  14.5998U }[@Pﬂsitinn |
Rns(C1) 33.1357U Rns(C2)  14.6004V I
Freq(Cl) 25.00000kHz  Freq(C2) 3.448276MHz | -z.7Z0di
Duty(C1) 38.50x Duty(C2) 96.55«

J
f
i

(A.) NIWAMUYNLES 1000 TAAGDAITINUAT
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= o %] a X o | e a

N3UT 4.6 uansliiuindennuduuasintu axvilvedaleda Outy
=l L4 J = a

Cycle) Huwliuanas wazanaunisi 4.1 uwaz 4.2 lnedussaniam (eff) Uszunu 83

& @ P s a 4 o Py I [ | ey v ]
wWaeiiwuslngiade Tuanusussiunsd Wevhnsfiueaudunas afilaainnissiasuas

¢ a A @ % o & g v Y o &
\waauaD1vingne uswiulwihuwd (V;,) atudndesuaznszualiinends (7,) dudu
af v = o dv a = = <] t4 ar

uagnanliansie Mileida (Duty Cycle) finanas sasyiliusesulniinaesn (Vout)

a P | @ &
fifnmeiin 14.6 Taad anuimgUsyasd

2.) AnuduussERinaugiiueziafluda (Duty Cycle)
vn1vinasilasnasTRe HIwATLAID TG BaginsusuAeumg iU
= <=l o o=l Y, W, <
30 , 40 uax 50 @ iwaidud InuadirnIduealin-800 JnRdenisuuns o

AudTus Iz iuarfidluaa (Duty Cycle)

2015,05/15 15:44:27 - = Jjtox .« Normal
Stopped 100HS s 1015Aiv
[ Maing 10k |

]

] 11 20.0 Usdiu
l’”“”{ 'De. Tull
! | = — — -
|

Duty 40.04%

CH1 16:1 J

i
|
i
I
|
|
|
I

|
|
|

i
|
1
t
1
\
1
!
|
|
&l

Voltage 14.609V

1

Avg(C1)  22.8989U0 ~ Avg(C2) 14.6088U0
Rms(C1)  34.8467V Rms(CZ2)  14.6098V
Freq(C1) 25.00625kHz Freq(C2) 20.00000MHz
Duty(Cl1) 40.04x Duty(Cz) 86.00x
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(n.) n3dlgauunil 30 s LvaTyd
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2015/05/15 15:45:55 [———= ——————n10«Normal
100MS/s  10usAliv

CH1 10:1 |
20.0 Usdiv .

[ I'nC. - Full' |

Duty 42.05%

|
b.___....-.....__}
Voltage 14.677V
{ x ; R T !
Avg(Cl) 23.0624V Avg (C2) 14 .6756U
Rms(C1)  34.5089V Bns(C2) 14 6771V

Freq(C1) 25.00000kHz Freq(C2) 25.00000MHz
Duty(C1) 42.05# Duty(Cz) ?75.00%

-

() n3dlgauivgd 40 pImATed

U

£015,05715 15146746 "= ———c—u oo o=—anp Normal
106MS/s - 10nsAiv

| [CH1 16:1 ~
1 120.0 Usdiv

|
"__”*"IIIDC R 15

Edge CHZz £
Auto

: : _ 2
| 14.35 U
Voltage 14.659V | |

Aug(C1)  23.12370 Avg(C2)  14.6584U
Rns(C1)  33.9953V Rns(C2) 14.6593V
Freq(C1) 25.00000kHz Freq(C2) Z0.00000MHz
Duty(c1) 43.552 Duty(C2) 806.00~

(A.) nsflgau)il 50 B waLTya
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1NN 4.7 wanslyiiuindleguugiiiudy viladidleda (Duty Cycle)
Juwlduifivdu wazainaun1si 4.1 way 42 lasfluse@ndnm (eff) Useunm 83
¢ o ) a A o PN a 1 ay oy ° ¢
Waidudlasiade luaniuzuswiuaed Wevhnisiiuguund ditldainnissiassunasad
o sal o v v o & v
weveniindfio wswiulwihunds (V;,) anasuaznszualwihands (7,,) divdu wasnadildann

2993fe fMaifluAa Duty Cycle) didwiintu Jushliussdulnianeen (v,,,) fineii

14.6 Taad m1uinguszasd

4.2.3 N3nAsdaUNITUTIIUUALARS IFRILLLSIUUNR (Float Charge)
n1sUsygtiuntaesluaniugiilunsUsyadesindnaususadiuasd Wonszua

vougUszquuawaslidanasts 15 wand uinimss meusssuil flunsszasuunimedl

a & ¢ ' 1) a
UAAIVINUIEanel 13.8 I’Jﬁm Y]‘ﬂ"']Tn\?sﬂaﬁﬂ?jﬂLﬁJNLLﬁQELﬁSQMWQN

1) audfuiusszvanspuidunseuaziafludia (Duty Cycle)
innisveaesles Nsiiap ISR ALEIR T ng wagrian1sUsUA L LA
= ) e = ay % = qi
Ui 600 , 800 ua 1000 Jasidemsteuing lasasinmenmailia 37 e iisadea iiom

ANFLRUS SN WLNa wagdlaAa (Duty Cycle)

20150515 19:43:127 — ===l Normal
[Stopped 772443 100MS/s  10v5/div

20.0 Usdiv
| Be . Fuil

Voltage 13.746V |
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Freq(C1) 25.00000kHz Freq(C2) 33.33333MHz | —2.70div
Duty(C1) 35.52x Duty(Cz2) 33.33 |
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Duty(C1) 34.58+ Duty(Cz) 16.67«
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Avg(C1)  22.1331V  avug(C2) 13.7592V
Rns(C1)  33.6051V Bns(C2) 13.7595V
Freq(C1) 25.00000kHz Freq(C2) 4.000000HHZ
Duty(C1) 35.02x Duty(C2) 4.00x
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Duty(C1l) 34.58x Duty(CZ) 50.00x

=Y

(n.) n3flgaumgil 30 aerwaLTea

Y



2015,05-15 19:41:29
Stopped

Normal

771262 100MS/s  10usAiy

| '
Voltage 13.771V

13.7709U
13.7711v
50.00000MHzZ
50,00

20.2813V
32.0938V
25.00000kHzZ
35.08x

Avg (C1)
Rns(C1)
Freq(C1)
Duty(ci)

Avg(c2)
Rns(CZ)
Freq(C2)
Duty(Cz)

-

(v.) nsilaaumngll

WU

40 DAL AL

Nornal
100MS/s . 10is/div
|

|

Voltage 13.702V

|

Avg(C1)
Rns(C1)
Freq(C1)
Duty(C1)

15.8862V
27.7246V
25.00000kHZ
36.52~

Avg(C2)
Rms(C2)
Freq(C2)
Dutyccz)

13.7024V
13.70622V

20 .00000MHZ
80.00x

(A.) nsdlgumngil 50 eemwadea

€an
(=
=D

(F01ULLSIEUUNR)

-

CH1 106:1
20.0 Usdiv
Full

Edge
Auto
14.35 U

2 &

@Position

l —2.30div

CH1 16:1
20.0 Usdivy
1o

[@Position |

-2.0div

4.9 dyarainswiuuaziilufa (Duty Cycle) diawasugamaiilunsdsiie



48

2 2
a Al

d 1 A - Ql = o v o =3
1NgUN 4.9 uansliiuinlegumaiiviuiu vhilveddluda (Duty Cycle)
Huunllufindy wagainaun1si 4.1 waz 42 TeeduszAnSaw (eff) Ussum 83
& @ < s a 4 o o = | oay v o L3
Wesiwudlaoiade Tuanuzussduund dievhnisiugamall arildainnissiasaunaisad
a o« 1Y) w o & ay v
wasenfindfie ussdulnivndn (V;,) anasuaznszualihonda (1) Wivdy waswadilaan

b a c&l - a0 n' bl [ v s a0 a‘d
299378 MdleiAa (Duty Cycle) fianiudu Feazvilduseiulwinvieen (V,,,) Sanedid

13.8 Taad anuinguseasa

Y C o =
4.3 Namsmaaaqmanwmzmiﬂszmmmmawamﬂiaq‘llszquwmas

<l '
Tunastsequuamaiaenuaiiy 3/a0auzlunistsgqanuzusnazidunis

-]

1Y o < - Y aa
Usgsngnszuanifiv 8 uand-lunisuszqanugianiliuunmeiiinaugussuim 80

1% | < % ) 4 =
wgrgzLingaamizn 2 Aamisdssadnouasiuaiiin 146 Taad nsUszaaniuzilay

¢ &

Wasiaus
o §q w a = e\ e 9y v oA 1Y)
m‘lmmmLmaiummqmﬂismm 95 o ILYUe LLagilﬁL‘tl'lQﬂﬂqug?jfﬂwq&ﬂaﬂ'ﬁﬂiﬁﬂﬂ?EJ
s ol & ¢ e x| () v sl & ot a
wswiunshil 138 Tiad dudunsdssgnagribiluanessifitinin quazdasiumafanis

AeUsIRnEn3Led (Self Discharge)

o =l
a1 1 AnusEh 2 donusi 3

15.5¢- W 1}

ol v @ A w o a
Uszgiuunszuani Uszgnuusaiuni Uszgarsusiaulng

15~

14.5-

-
F-

13.5}-

Voltage(V)

13-

12,5

12- i
Time(Hr)

(n.) ussdulwihaagyinmsyszauunnes



49

a e

g \ amuz'ﬁ 2

a0nuzi 3

L 3

N

o =
0wz 1 NEERCRUTEXLITER Y

UszgAawussduuni

o

o

=i
UTEUUUNTEUERAN

Current(A)
»

“«

4
Time(Hr)

o EJ
(9.) n3gualwiiwamvihnisUsyquuanes

= as o & i s o a o
JUN 4.10 Aanuduiussivdasnuliiiaen seudluihuagrnasyssquuainesfunm

= <
logrsiinszualuiniusza’s uoud

-l i = <
VU A 10 0ukave s sl uunIeIMLAT eIl sEQUUALADS

= o

aly v % v < & |
laeenuuuld Tnglugaiugusnilumsaavanlinsuiaszafidrasiy 8 wond Wouseiud

) da i & o « ¢ | <
Nuwvawaslidnfiviuia e’ had llaseeulnsaiaosavdasululssluamusians e

at Vel 1 e & & s 4:13.// da ¥ =l
ﬂ?iﬂTUﬁ]LlLL'i\‘)ﬂu‘tlmgﬂﬂ‘Jgil“L‘lﬁﬁJﬂqﬂ\‘mw 14.6 ‘['}am f\]Uﬂ‘izﬂﬁLLNﬂUWﬁ?LLUWL@E}?@JF’]’]IH@LF]EN

a s A 1 v l'-‘I a1 = =y =i L
Auussunuseg denaliasvianldlunisvseyiivianas suildqinialies 1.5  weud

AJ = L L

- £ Y o d
Lulpspoulnsaineazivagulguszqluanusiiann Aorurilvustatonsysyqiiaiasii

13.8 laad qunseninszudtseqdidaanaiinde 0.1 weud-dsGuganisusey Tngldinanlunis

Useanaay 7 9alue 47 u

9



50

=t = ' = day v v o o o
4.4 wamadssuiiiuszvnitunsesUssquuaneinldeenuuulituiniesszauunines
\Banneiue

o 4 = = ' o o v
lumsUssquuameiiieiiouifisusswirundesssquuameineaniuuly

o o o a a o Yyyo < .:u v oa -
nuiAsesUsEgluaweadwdlvg Felminisiliouiisulngsedemuniuaunsnresnies
Uszuuanesidendled Ssanunsavirnuldlasnisdaeunagaduasoniindusiugegalsl
w40 Taad Fedndudesannisdraosvunuaasaduasodindlidvuaussiuliiiy 4o
Ladt Tngldvinninaaeslaenisuszquuameivunn 12 Taad 4 woud-$alusde 10 $alus Tng

V1ADIKILYARWAID NS VU1

- YUIANITIZIER 63 106

/ LLiaﬁuMﬁwﬁﬁwé’qqdqﬂ 19.0 — e
- sl TiAsg g 3.29" woud
- nvsualnfgn 995 3637 waul
- ussmiliiiuglalenses 243 13aa

") |
= s

1 s =i 2 =
AINI[UU ﬂmmﬂamwmmﬁmwmmﬁmm 1,000 W/m’ "t QI RRARY 25

] W
=Y

perAlTd QUVgRILLAUYRT 1 ssmigaidis awihlfusiiuanad 0.5%

SEL-| | Pp: 62.56 W FF.0.70623 1]
Voe:124 3V lsc: 363 AWmp< 18.24 V- 335154
Bri:0.291 K2K Gp; 0.9V %K

Sanyo HIP-6212 [2003 (EY}
— = DOR

w

Current (A)
»
Power (W)

a 5 10 15 20 25
Voltage (V)

Ui 4.11 nsminmaudEvnglnih (- curve) ssunawaduasoning suinids 63 s



51

< - wa « a v
NN 4.11 wanstspuandanalniivensaduaseindlagld 1V curve
ket o = - 3 = ¥ 4
annsalinaaeuidmdngignueasaduaieiing winguugiivessaduazauiduuasdi

3 - ' = 173 v i ¥ =
9\ﬂﬂ‘53'V'lUI.I.NQI.‘l‘.iﬁﬁu?l\lﬂ“l‘{lﬁfjdﬂ'lﬂﬂ'ﬂ NLFUNIINALAS uam’lmﬁmﬁ LAALTAALLTIDIN F}é

a

annsaliidslnihgegnd 63 Tne




<

=l <
4.4.1 \3awszquunimeditideanuuuly
o = - o ala
imsvnasdlagnisussguuames  TavaoususnfoUsyeiienseuansiin

v s -7 1 as s s d
1 waud Imeﬂ,ﬂm1uauwuﬁ’ismwmeulﬂﬂmasﬂixLLﬁIWﬁmunmmgUm 4.12

A0l 1 anugi 2 anusii 3
ﬁzquuumzuamﬁ ﬂizqﬁqy}ﬁqﬁuﬁqﬁ Uszamsusaiuuni
15.5;" I \b 8 ..l_k q]
o
15~ I |
|
14.5 - 1
s
T 14 |
o |
£ 1as g
S 13.
> | 1
| I
13-
| I
| I
125 I 1
I I
12°- - o= Py 301 | 9 pl A il o ¢ i o
0 0.15 0.30 0.45 1 1.15 1.30 1.45 2 215
Time(Hr)
st o d
(n:) wssnulnihumsvhasUsyuunees
AU 1 Aanusd 2 Apuzi 3
2 ol Uszquuunszadaal |, 0 / Us:@ﬁ"aﬂﬁﬂﬁuneﬁ - Uij::qﬁ'wsmﬁ'mjnﬁ
18 ———— A 1(’ I &
> AN S
16 - | I

Current(A)

|
0.8 |
|
0.6 I
04 - |
| 1
02 - I I
0 - I I ! e I 1 | i ! A
0 0.15 0.30 0.45 1 1.15 1.30 1.45 2 215
Time(Hr)

(2.) ﬂ‘izLLﬁlWﬁﬁ‘Umaﬁ’m’l‘iU‘iz’{lLL‘UCﬂLE]EI%‘

s

d . v [ 1 o/ o lﬂl
JUN 4.12 Awduiusseriaussiulwiuaznsaualnihunsyihnsussauuamedfunm

lngasiinssualninnuszq 1 wewd



53

< o v < <
NFUT 4.12 1 TunaYeINITNEaINITUSEUURIMEIMBLATRIUSERUUALABS

Ju ) o al o 6 o o
lapanuuuld Tasluaniuzusnidunismurulinssuausadicasii 1 wewd Wousediud

o da i o & = < o
FILUMADITUANALTUDY 14.6 Tqas "Luiﬂ'iﬂauimaLaa%msLUaaulﬂuixﬁﬂuﬂmuwaaq B

N13AIUANLTINUYMEUSER L] ANAIIT 14.6 Taas aunsevtaussiuiitauunmess AnlnaLAes

funsefuiusy denalinseuadilélunisuszadidranas suldnundefivs 04 uawd

¢ < = v o i < &
lulpseoulnsaaesesiasuluyszgluanusiiam Aemuauliussiuvasuszaiidnaili
13.8 laadi aunsesnszuaUszqiiianaunde 0.1 wonl Jsduganisusey Taeldiaaluns

[

Usgnadu 2 9919 10 i

4.4.2 Lﬂsaqﬂ's:mmmmaiwam e

a  de e o oy ..
Tnownsesiitlinyssgaiunneifoirsosusyquummed Bve\Silicon Solar

: ATHUAY LI I 30 Waud
as b &

N ERERET 50~/ 194
- NSTUATIELanaEn 30 \\/ taxd

TPS 1230

Eﬂﬁ 4,13 LFISBGU'E“%LLU%LG]E]SL“ZNWTEL!‘UE]



54

s o & L] L7 s o/ ‘J
T,cvwaléfmmauwuﬁsxmwLLimu"Lwﬂ']LLasmzLLa“Lwﬁ'munmmgﬂw 4.14
14.5;-
14 -

13.5 -

Voltage(V)
o

12,5 P

L) 1 2 3 4
Time(Hr)

Qs o A
(n.) u,wﬂulwﬁwmsmm‘misqmmmaﬁ

Current(A)
S o o
W b o

° o
- N

(=]
!

o
-
[ %)

3 4
Time(Hr)

(v.) nsgualrihuagyinisuszquuained

7]

JUR 4.14 anudniudsswhaussiulihuaznsvualiinvasyhmsyszquuameituna

UD4LATAIUTERUUNABTLTINEYE



55

= { a o L q‘ v 3
MNgUR 4.14 WemuvimsusequswiulninSusiusnzysey 12.1 Tad Tng

v < a =
nszualwihitlilunisuseadidviniunssualwihfiooninanunawaduasening d9lunas

g &

1 1l « a o ot
Usegndail nszua‘lﬂﬁwmﬂumsﬂsaqagwﬂszmm 0.3-0.5 uaul lnsusanulwiaziindy
il da v v v -
5089 JuuvAwmestimmglndaniu waznszualwihilivsyqavanandilng o weud seie
' < v -y W
MuumneTiinAug Tneldarlumsussaadu 7 42lua 30 undl

=i < as ' a4 o«
waveamsiieuiiioy dunahsveznmililuniszussgueaaiasitoonuuy
Bildszoznanduninaosuseqiummaiiie Siticon Solar vazuna 5 $alus F35ilaluns
- dd v 2\ IR Y S @
Us¥gueaniasUsyatuninesivie Silicon | Solar/ avilvergmsldauvesuunineiduas
P : & Y | 13 a & o v
iipsnnnszualifhaldlunsuszatidnunssdiniihieenanues lwaduasoniing dadn
b ‘ll ] 2/ lﬂl i v =
neInIngvdnoynsimresuyames linsldnssualwialunisussaiiu 0.25¢
P 1 o o | 1
(C amuyvoumne’ fmditu wsad-faluy) uhaisewssauuamasialdeanuuulili
< Y @ « P ' ¢
annsanzlsygldvnznsnuluigennuniwadnd e 1MasHARINI1-20 Taad tiles

MnAdle@Ea (Buty Cycle) degd 1995 luannsaviauld



56

=t < o =f [V | = =
4.5 Wisuiwisusauasasszguunmeiiisanuuulifuiniasszquuane s demndyd

v Voo Y E = v ~
ﬁ]'!ﬂﬂ‘].ﬂﬂ'm'ﬁaﬁ']ﬁl.ﬂ'iaﬁﬂ‘iﬁﬂll'UfﬂLmaiﬂqumﬁﬁaﬂllUU‘h Tﬂﬂu'i'lﬂﬂ'ﬁl.l;a#

) ¢ w - o o < ) < o a
MATaRgUnTal Amsnad 4.1 devihnsiisuifisuiusiaveaiadsalszauuninedii

a ¢ o o o o v v ' -
wield Buaselsvquuamesiliesnuuulifinruamnsolunsussanszualiganineios

o o a ¢
Uszuuanosidanndled

< a (3 { od g
A3 4.1 917 3angUnsalveuaTeIUssauuARD eeaw Uyl

anu 1M TAUAT U | 51A/Mide | kY (Um)

1 PICI6F8T7TA 1 190 190
2 Socket IC 40'an 1 20 20
3 C 1000uF/100V E-cap 3 85 105
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L GRRHITHTER geuvnd - il = nalle Usz@ninmuesias
(u17h) (W/m’) (©) /20 IR YY) PR IR Agalwia(w) (%)
W (A) (v} (A)
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10 665.97 44.96 36.72 .66 134,40 1318 802 105.70 78.65
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30 741.23 49.47 37.03, /177361 13256 520 794 105.22 78.78
40 19 5183 36.85 3170 138.84 (13,86 03 105.47 75.96
50 812.62 53.76 36.92 5.70 136.53 13.40 801 107.33 78.61
60 843.63 55.62 36.84 3.69 135.96 1346 93 106.74 78.51
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420 509.02 0.89 12.41 84.31
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SECTION 1 PRODUCT OVERVIEW

1.1 INTRODUCTION

The Elgar PV Simulator is a programmable digital power source designed to
simulate the electrical behavior of terrestrial photovoltaic arrays. The simulator provides a turn-
key hardware and software solution to deliver all the functionality required to test the maximum
peak power tracking (MPPT) characteristics of solar inverters and charge controllers. The ability
to simulate any fill factor and material technology allows the simulator to characterize the
inverter’s MPPT algorithm performance quickly and efficiently. It also allows to perform
conversion efficiency, thefmal analysis and dynamic performance tests by supplying a highly

stable and repeatable stimulus to the inverter under test.

1.2 USERINTERFACE

The simulator front panel only featuresan-on/off switch and-a status indicator.
The user interacts with the simulator through a remote Ethernet connection.

A single desktop or laptop computer running TerraSAS software<an control up
to 48 simulators. Due to the high transmission speed and data integrity provided by the Ethernet
architecture; operating parameters are displayed ini real time on the computer screen-at refresh
rates comparable to standard instrumentation.

The software allows modeling a PV panél from data normally found in the
manufacturer data sheet. These paramefers are Voc (open circuit voltage), Isc¢ (short circuit
current), Vmp (voltage at the maximum power point), Imp (current at the maximum power point),
Bv (voltage temperature coefficient) and Bp (power temperature coefficient):

In addition to-static tests, the software allows to-execute irradiance/temperature

profiles that can closely duplicate reallife conditions or predefined test sequences.

1.3 APPLICABLE ELGAR PART NUMBERS

ETS600X8C-PVF 5kW, 208VAC ETS600X25C-PVF 15kW, 208VAC
ETS600X8D-PVF 5kW, 400VAC ETS600X25D-PVF 15kW, 400VAC
ETS600X8E-PVF 5kW, 480VAC ETS600X25E-PVF 15kW, 480VAC
ETS600X17C-PVF 10kW, 208VAC

ETS600X17D-PVF 10kW, 400VAC

ETS600X17E-PVF 10kW, 480VAC 4
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1.4 PV SIMULATOR BLOCK DIAGRAM

Figure 1-1 PV Simulator block diagram

At the heart of the PV simulator are two 80 MIPS RISC microcontrollers.

One processor interfaces with a 16-bit measurement and control system that monitors the source
output voltage and current at 5 Ms intervals.

At each interval, the processor sends computed data to its 16-bit D/A control system that adjusts
the current source setpoint to follow the programmed IV curve,

The other processor supporis the Ethernet interface, analog and digital I/O,

While in static simulation mode, the simulator executes a single IV curve.

In the PV Simulator memory,-an IV curve is represented by 1,024 data pairs.or points. Each pair
of values represents a single voltage / cutrent point on the IV curve.

The PV simulator interpolates the 1,024 -points in its curve memory with 16-bit accuracy,
delivering an actual curve resolution of 65,536 points;

When irradiance / temperature profiles are éxecuted, dynamically updated [V curves are
downloaded at fixed 1-second intervals. The PV simulator linearly interpolates between
consecutive curves 128 times per second (7.8 ms intervals), delivering smooth voltage and current

waveforms to-the unitunder test. 5

1.5 ETS600X SPECIFICATIONS Open Circuit Voltage, Voc: 1 — 600 VDC
DC Output Short-Circuit Current, Isc: 0.~8.3A per chassis
(5kW)

0 - 16.7A per chassis (10kW)
0 — 25A perchassis (15kW)
Maximum output power 4.25 kW (5kW)
at fill factor 0.85 8.5 kW (10kW)
12.75 kW (15kW)
Output isolation +600 Vpk, positive or negative output to chassis
ground, continuous
Output leakage Output to chassis ground, DC : <0.1 mA @
500Vdc

Output to chassis ground, AC: <5 mA @



Tracking speed

Accuracy

Sampling resolution

Curve Resolution

Profiles resolution

Curve equations

PV Array Parameters

79

200Vpp, 60Hz (5kW)

<7 mA @ 200Vpp, 60Hz (10kW)

<10 mA @ 200Vpp, 60Hz (15kW)

Compatible with inverters sweeping the MPP at up
to 200 Hz.

Voltage programming and readback: +0.2% of full
scale voltage

Current programming and readback: £0.5% of full
scale current

Voltage and current are synchronously sampled by
two independent 16-bit A/D converters at 200kS/s.
1,024 points. Each-point represents a single
voltage / current point on'the IV curve, The PV
simulator interpolates the 1,024 points in its curve
memory with 16-bit resolution, delivering an
actual curye resolution of 65,536 points.

There is no limit to-the profile length.-One-second
profiles for a full day of simulation are typically
50k-points. The simulator interpolates between
points 128 times per second, delivering smooth
voltage and current waveforms that closely
resemble real solar arrays under ¢loudy conditions
(requires TerraSAS software)

Equations used to calculate and translate the IV
curves are found in Appendix Al and A2 of the
publication “Performance test Protocol for
Evaluating Inverters Used in Grid-Connected
Photovoltaic System”, October 2004, Sandia
National Labs.

Irradiance level: 0 to 1999 W/m?2

Temperature value: -100°C to +100°C

Voltage level: 0 to 600VDC



Expansion

Available I/O

Remote sense

80

Current level: 0 to 25A (15kW)

Voltage and power temperature coefficients:
+1.99%/°C

Unrestricted expandability, allowing total system
power above IMW

Ethernet 10/100 Mb/s: TerraSAS software
proprietary high-speed link.

Analog Irradiance/Temperature inputs: allow
to adjust the IV eurve-in real time based on two
external analog signals.

Trigger input:-allows to start executing an
irradiance/temperature profile in sync with
external equipment. Useful for accurate energy
measurements using external power analyzers.
SCPI interface: through TerraSAS software

Maximum line drop 10V per line
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ABSTRACT

This project presents the design of battery charger for solar
panel by using 3 state charge : Constant Current ; Constant Voltage and
Floating voltage charge. The developed system'is applied for charging
12V. 60Ah/20hr lead-acid battery for use with LED street light 41W.
The main advantage of this charger is that fast charging and extend the

battery life.
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1. AC Source 3 Phase 380 Volt

2. PV Simulator

3. Buck Converter

4. Junction box

5. Battery Lead-acid 12V 60AH/20Hr
6. Oscilloscope

7. Power Quality Meter Fluke 435-11
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