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Abstract

This project presents study about the design and analysis storage system and energy supply
source of Electric Car Prototype. The first objective of this project is designing power system by use
lead acid batteries voltage 12 V 65 Ah 48 boxes series connect and pass the inverter which use for
control to drive induction motor 30 hp and analysis data of power supply rate in another mode and
frequency of inverter. The second objective is study and analysis charging batteries energy system of
Electric Car efficiency. The last objective is smidy and analysis energy from solar cell will charging

batteries, it is a energy source to control Electric Car and electric equipments in the Electric Car.
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Idoqiitiouguuie (Anodised Aluminium) enuseanmauiema wieenldiaqounenn

v 1Y 9/ [ 9/
uuu vz aunums lseulundaganinndey
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UNN 3

nl1IgsnNituy

3.1 1099831308355V

TumsAnmssafundsuvessa i Tassaduvesnidsunisesndlu 2
zuvld dancaalugilii 3.1

3.L1 szuuwdsnuvdaildlumstunten (Power system )

TumseenuULsEUUNEIUMENE 925 2 dlngjaie nseenuuuLUAAeS 7
9N U IR YRS D LAY MINIAS 83152 QUUARES UM A TLAYBINY LAY
gilnsaltleadu

3.1.2 szuvInihueseriing (Photovoltaic system : PV system)

mseenuuuseuy IR uasefiag szdimsmasiiauas Sruunssaduae1iiag

a 4 [ a
LLUALABT LLﬁS’,Qﬂﬂim‘ﬂi’NﬂuLLﬁ&iﬂ')‘lJﬂ‘lJﬂ'\ﬂJi$‘gtmmﬂﬁ]i

@ Power system

atiery.
48 Unit Series

BATTER

Accessory

11 3.1 TassadeTassauwes Inssnumsnyims safiuwdesuvesse Infuaswas

ULETDINAS
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L ; 4 r dy
Teslumsvenuuueguuiuguasas lalil

1) Idgdnssindioginly uaz IFan Idhe we Ividuse Tuihduuy

Q
v

2) ensaussymimin’ld 700 kg

3) a2 lnanus9 60 kmvhr 18w 2 91 Ta

3.2 M39BNUVVUUAIAD I TS ULUNAINUHEN

Inverter 3 phase

gill .......

Battery 12V

a
{ Motor

30 Hp

517 3.2 29552 UUNAIUUNYRIa IWTh

a o Jd a 14 4 o dy
NNAUDY UDIADT LAY DULNIDIADT L"flumu
- uewesmtenhnssudeay 3 phase 22 kW 30 Hp 6 pole 50 Hz 975 rpm Liag
ASZUANNAA 41 A
a o o [ = 3 a o 4
- BUBIEDT 3 phase YU 30 kW Lliﬁﬂuﬂi‘é’,Ltﬁﬂi\iﬂﬁﬂul‘lﬂﬂul’mﬂﬁﬂi
(DC link) 580 V

aaananu 1@ 10 % Av 528 V — 645 V

Tassuiild wameiaiinasi-nse usedu 12 viumsanelashinsdesynsunult
s sduninfy 586 v fufeldsmnuunamedianun
580/ 12 - 4833 gn
vhasidenld A 48  gn

4 o d' v b ! W U 4 U é
et mualduuameIuaazgn Jussauwiny 12 v sz ldussdusauwih /o 576 V &3

oy luideneousula
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]
~

nsiisa ihdedtueengasudedlaomsnnennar  AINTOMIULIAYBILLAADS]

3 * Y .
MU aunN Load Pattern ‘i‘i'lﬁ'ﬂ\ﬁ’lﬂﬂ'ﬁl‘WﬂJ‘ldjuLLﬁgﬁﬂﬂﬂﬂlﬂﬂﬂizllﬁiul’m'l 2 9l Taetlszana

y
1&aail

nssud (A)
A

35
30

25

.
0 40 80 100 110 120 a1 (M19)

o =2 o, 1 U
Ell‘ﬂ 3.3 ﬂ'liﬂi&’ll'lﬂ!ﬂ'\'iﬂﬁﬂ'izLLﬁﬂlﬂQN@Lﬂ'ﬁ)iﬂﬂ'NﬂiTJ"]

910 General Formular for Calculation of Capacity

C=VLIKL +K(I,~ 1) + K@ ~L) + .. 4K ~1 )] . B0)

we  C: ﬂ’]'l‘lJﬂ‘UENLL‘UﬂLW&]é (A-H)

L : maintenance factor (L =0.8)

K: ﬁwﬂaﬁ‘lumsmﬂﬂszg (mansmedsgylunmanuan @)
I : NIzUT (A)

T : t301 (minite)

91005 Load Pattern 9241i4%29n13aa ld 3 nsdine

AN 1) I. = 30

1

T, = 80

1, = 41 T, = 40

i Liilaeldm os

nndoya 1 waz T ilddamar K annsmedseqlunmasuan 4. 0218
K, = 26
K, = 18
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UnuUaA
C, = 1/08[(2.6x30)+1.8(41-30)]
= 12225 A-H/20 Hr
N30l 2 I, = 3 T, = 100 K, = 30
1, = 41 T, = 60 , = B2
I, = 25 T, = 20 K, = 13
wnusnlueuns?i 3.1 18
C, = 1/08[(3x30)+22(41-30)+13(25-41)]
= 11675 A-H/20hr
Nyl 3 I, = 30 Jr=10 K, =0
I, = /T, =8 K/ A~ 26
I, #/25__ T, =¢-—M EY—y 13
LI -o—% _3N R 413
Ll =% o3k 3¢ K
unushluausd 3.1 14
C, = 1/0.8[(3.4x30)+2.6(41-30) + 1.8(25-41) +1.3(0 25 ) + 1.1 ( 35-0) ]
= 13475 Ah/20 hr

NN C, , C, , C, IHUARBIYUIA 150 Ah/20 hr

o o 4 {aw o ) [ a
mmsfuaiie lauiifaveswemesiiiuna 2 92 Tus 1 Load pattern a1l 4.2

AITNT (A)

?

40

>

120 a1 (i)

d' <2 A a ad aw 4
E‘IJ‘VI 34 s MRS HBAANEANNNAYDIUDINDT

I = 4
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NN aumsn 3.1 9214 C = (KI/L)

UNUAT

(3.5x41)/08

180 Ah/20hr

21091 C TALuAwaIvUa 180 Ah/20hr

31435 General Formular for Calculation of Capacity HUA1SAAMIIUIAANUUUAADS

. ' k4
woli Iddsedninmuesszuminaiige  ud ldonzaudmiuihinaadeuuso i mee

£ v
=y Qs

o/ [ a o v [} v Y o w b2 o %
iZ‘UU‘WﬁQﬂuﬁﬂﬂﬂl@\‘ﬁﬂ'lﬂﬁ'm@ﬂ‘i']ﬂ"l‘i%"IEJﬂ‘SZLLﬁVLiJLmuE)u BAYNYDINANNATHUINUN
UIIN

v v ] 1
ﬁﬁﬁu%ﬁﬁWﬂﬁ’)LﬂiWSﬁﬁW%MWIﬂ'ﬂ‘)\Iﬂﬂl@ﬁlt‘umﬁﬁ)i‘ﬂ']ﬂﬂﬂ‘ﬂ‘i%ﬂgl’m"l“mmmﬁ@iﬁ'mﬁﬂ

awilszy Taofiousasasaeysegiluat Crate

T - 11
e mieh ANA22kW  Useansmw 90 %
dunDsIADsT WA 33kwW  Uszdniaw 90%
Sty wiswAdeswlsuszu
22,000/(0.9 x 0.9)
= 27,160 W
1z ldoasimsmeisey 27,160/(380 x 1.414)
= 50.54 A

A1319% 3.1 WSsuMsuvNALUARDS FUAAZAINTA (rate 20 h)

ANy | oM e 9 qaﬁaﬂ%ﬂ win | shwinsan | whaw 48 Unie
(Ah) (mm) (mm) (mm) (mm) (kg) (kg (w)
60 260 173 202 225 19.2 921.6 34,560
65 260 173 202 225 20.75 996 37,440
70 305 173 202 225 225 1056 40,320
100 305 173 202 225 30.0 1440 57,600
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NauAREIINAME fu diefinsandsannzvesnousneiimingatis sonds
dronmuise wazannzasi  eneefiffinumsmelszyfiuandiurinsansseznmums
Wenuwangs 1&dndnilumded 21 TashmanlszinumSinunsfnsziaiud 50
- 100 Wodud udafeuiuns sasmsmelszy veuwameITianziange nngafit 3.5 14

~ A gy o a
NANTIUITON ulﬂ L‘ﬁuﬂ\‘lmﬁa‘ﬂ 32

) )
FOR 12V. FOR 6V
BATTERY BATTERY
1301 6.5
'\ P
120{- 6. > N _
= ‘\ gs<
™~ \ X \&‘ of1C
11.0f- s \ AC\ T
— 2 X ".'
-\:\ D6 ?;}_
g li€ TS
. = \\ZC ;
10.0 4 K i( l 'J;L‘ i
9.0[- 45 x\ }
e
80(- 4.0
I 2 4680 20 4060 2 4 68.10 20 4060 2 4 6810 20
f=———— SECONDS ——+—=———FITKITIES HOURS —=

D{SCHARGE CURRENT

P Y o/ 1 o o
j,lh’l 315 L’Jﬂ'lhlﬂ'ﬁﬂ'\tlﬂ‘i%‘i} AULITIAUADLKAAUBILLIALF DI

1
G

Py =t Y = 9 [ o
a1519f 3205 sufounarlums [Esuuuamad Aaniems [Huae

AALUAADS 151t Discharge | 50% | 60 % | 70% | 80% | 90% | 100%
( Ah) A3 Discharge ( A ) 252 | 303 | 354 | 4043 |4548 | 50.54

60 seoznanldomani) | 105 | 90 | so | 40 | 30 | 22

65 szezaniFmEnd) | 120 100 75 50 | 40 35

70 sozaanldemuni) | 135 110 90 60 | 45 40

100 seaznanldauend) | 180 160 | 140 | 105 | 90 60

aneluaised 32 FnsiEenuuamesvuna 65 Ah nilududenusnlumsnaass
A a = ¥ 4 o = = A yya
M5 e a e umn auluduihminsmowuawes sTeznaNIaTINNTeIela on

3 o 9 o [ Q¢ t
N3G L"ﬂuiﬂﬁuu‘l]'ﬂﬁ'lﬁ'iﬂﬂ'ﬁ‘ﬂﬂlu‘lﬂﬂ11’11&61&'\?‘1?’1
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=
33 fn599ﬂl!ﬂﬂﬂ15ﬂ§$§l!ﬂﬁlﬂﬂi
v
[ o [ Y
Snuzms Mauvesse WA niulidruazmslFnuuudusendosmsnanlu
[ :l’ k3 [ [ a % lllsl
mssalszydu  uazdeeilpsiumsonilszquazmsmeiszgiv wazanusadeilseylaniing
:é de:{ 9 FxY d' o o A [
naneqgn FoasnmngaulumssalszyldfunuameIsruumdinundnuessa ludh Aemsda
sz uuuilaeuseRunszua (Trapper current) Taodeesnussduussuiineldfuuuanes (Vo)
{ [ [ o % o Blo' Tt {
13fszauussugaievesmssailsey ( Final voltage ) uazdifanszue lWihlvdnhdneon
4
wuygega 3
3.3.1 Manevesdailszquunned
14 ]
nnnseenuuusruundsauludesdu ldimsssnuuuuuameI sz uunds
o { o o 4 o & § o w
aundnlin 48 gn wihmsdelszylasldiniesdmlszguianiesihmssadszyluasni@en
squusssuimnzaulumssailszefie 48 v wudonanhimsilizy wihuuamesudesynsy

U 4 gn wuunu 12 90 ud Idinsesdatlsegatianlasussaunssuatumslsey

Y |
AN ST ?
® ® ¢ Y
.
® L2l L® *
o ® ry ¢
. e ¢
® o ry P oY
Lol LY :
® ry ry ry
9 e | e )
— ¢ e Vv
< 12 String >

7171 3.6 mIApNeTdMSUTRlsEQUUANES

L1]

9y v v v
MIABLLLBYATY NTZUAsALTE QIAUNNe) ua ussauiuaua i mIuTide
YT

v Y
- MIRBLULTIULIIRUIZIIAY uAnszue lumatasz guziiudumuduauge
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3.3.2 szaunszuagagalumIdalszgldnununmes
4 d' dy 1 Qs ! IIL '
fanupvesuaes lulasenuilvihfu 65 Ah fnszuagagalumslseyl
a o i { T @ 1 { A
A291AU 0.15 CA asiina1 13 Tuuni 2 Taeld 1 cA wihdusanugueuLunes Ao 65

65 *0.15 = 975 A

WufenszudilszuuameIdegafiaoaynsu linu 975 A
' v 4o v 4 4
Taonszuauoniieldnuuuamednanun 12 g magasiunIzuaiinieslszy

Sy ' 9/ o/ ~ Q’I’ [] a
LLUﬂLﬂ@ﬁﬁ@Qiﬂfﬂ‘ﬁﬂ‘ULL‘UﬂLﬂﬂiﬂﬂﬂﬂﬂ"lﬂﬂﬂﬂﬂu
9¥55512 = 117 A

3.3.3 szauussaugamalunmsealszgldnuuunmes
TumseenuuuMsseyseauNsUgaANe(Final Voltage) YBULIAIABDS LA

a é d' I=1 [ [ 1 a
1 2.33 Vicell Feluuuanes 1gn T 6 wad 9z 1dseduussdugavie lanu
EZ s - 1398 V

ieimsasuuamesoynsulumsisey s liszauus swuiumuiaugn

Iaszauussaugamelumsiszqo

13.98 * 4 — 5592V
3.3.4 nisienn3vlszquunnes

(3 (] 9
lumsifennsoalsz guuamesnlFlumsinmn Inssoudl nasesmsilszy M

v
P

nszudgega uazszauussiugatelunsdsey fildhmseenuunls Soldvmsideniaes
Uszquuaneves NUBOS 18lumsinun

in3petlszquunmeives NUBOS lumsaeldnu aedhfuszuylu 3 wla fims
eonuuy 3 mivsonedudidnuas msldnunuamesiuuiuseumieusa luihlulase
o msalszylnedsmsn/aeusefunseua (Tappered current charging) nIziergqegalunts
ﬂsziﬁi 110 A HAZIZALUTIAUGATIOUDINITOALISZY (Final Voltage)fi 57 V Fesanenlndifies

4

v v
funmmseenuuy 1 Sununeaudmsu Tassauil
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3.4 NIVBANVUITUIWAIN LA TN
3.4.1 Tnssadhanaz Yuneun seRnUULSTUY
szvulasgindanuninaetfiaduinldiss Teniluglwdsan Inihae  seuuwdeay

199 191A8 (Photovoltaic system : PV ) YsznoudagInssadne 3 doundnq dweaslugylin 3.7

Solar

Module

Load

311 3.7 Tassadhavesszu Inthuaseiing

Tnssadreszuyiniheseriing
dlszneufididguesszuyiihumefiad 3 dou fe
1. usdadueseInad (Solar Module)
2 LL‘UﬁLﬁﬂé (Battery )

3. MieAuRuBannseiiad (Blectronics Control Unit : ECU)

VUABUNTOBNUVY
9 o w
- msmanudsansma IWihvesssuy
¢ A ddq ¥
C SRR LI AALERINAEN 14U

- ﬂ”lﬂ’ﬂ‘llu”lﬂ"ll’ENLL‘Umﬁﬂ?
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3.4.2 anueamsiniivesszuy
mseenuuuszuy Ifwasefindvessn Infduiiudesiniudosmafidalu-
A o a 4 - 9 t (] o - < T\ o W ~
Hhweensy wetinninsngimeuievesInssadisusazdiu i 14 lasmsnumide(w) 7 sey

udazatinginsel wazmsnadou

{ 0 o @ [ a Jd
A13197 3.3 anudeamsfiag Ivhvewazriiagilnyel

&1hy wiinginsol fae(W) fwu | Adesauw)
1. | alnwih 40 2EA 80
2. | anelvige 80 2EA 160
3. | ide 12 2EA 24
4. | Twsa 10 2EA 20
5. | el 10 2EA 20
6. | W@y 10 2 EA 20
7. | Iaelu 10 1EA 10
8. L9 6 1 EA 6
0. |'Widesdurosiaed 0.5 1EA 0.5

5% 178 340.5

' 9 ' v 9 s o a dy a
Lmﬁmuzmﬂ%am‘umtmazmix%z"lummmu Iﬂﬂi‘ulflﬁ"lﬂﬁ']\i’lu%?,SJLWHQVL‘WL'GEN@N
s J Ao =~ o v s A =
NPT NNWNTUATBALNAN LLﬂZNﬂ"I'iLﬂﬂll?lﬁﬂcl,iy"lﬂl‘l_l']\ﬂu‘lﬂﬁﬂiﬂ ﬂ’lunﬁ']ﬂﬁ']ﬂﬂu‘ﬂ%ﬁﬂ'ﬁlﬂﬂ
Y 9 dy a 4 4 1 a 9 ' o 1
ﬂ’N"L“NWNW y ul‘ﬂ‘ﬂ']ﬂ uaz"lﬂmmaunmm'é)sﬂaam’am LLﬁ%Z'Uﬂ'ﬁ1°Iﬁﬂﬁlunﬁ'lﬂﬁ1\1’éuu"lﬂﬂ’ﬂ
A
AANAU
o q’/‘ 2 o 9y o A A g 9
muu“lumsaammu'Nmﬂuﬂclmamﬂmmunmsﬂssmmmmsmwaaﬂnm ADNDDN
o v ot A v u’/, o 9 9/ cg
LL‘IJ‘Uﬂ'\"r’ii‘Ui]'lﬂﬂ'ﬁ%iﬂl’lﬁ'lﬂﬁ'l\iﬂum'luu Iﬂﬂﬂ'muﬂﬁlﬁﬂ'ﬁg‘ﬂﬂﬁgﬂ‘ﬂﬂﬂx‘lﬂﬁ171‘%1710141]?1 150

w oonuuuldansaldanuldlunat 3 9 Tus
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v ¢ 3
3.4.3 Yeyavesginsainlslumsesnuuy

3.3.3.1 l!NQ!cﬂﬂﬁl!ﬁQE)'lﬁﬂﬂf

¥
~q 9 4 a o [
(114Iﬂ'iNWHHi‘b’LLNQ&%’ﬁaLLZTQEJTVWIE]IKT"IWS‘]Jﬂ”IiEJﬂﬂLL‘IJUﬁE) UH US — 64 999 Uni

&~ wa e o
Solar FIUAUTULAAIU

US-64 MAIW)
- Nominal peak power point : 64 W

L59aU (V)

- Operating voltage 1165V
AISU (A)
- Operating current amp : 3.8 A

d (Y] $
3.4.4 ginsailesiumunines

[} a a 4 1 o
nieAugusiaansotad (ECU) HldRoanaioguamuaumingay seuumsieu

o =<
¥o991/nsainapUAquDa

1)

2)

msfaunasszyesn (HI-CUT OFF) denumass lasumsilseq Tiishaudui
d' % d' = a o ] a
wetlasfunuameSidormennmsilszglwifu  TWdwwus HI VOLTAGE az@a
Y v [
gilnsalflszAanisiszq Idnnunasszy Meenmuniussduuuameiszandialy
v 4 v
sduifoIns gunseitiszlaselimsilsz g Iiduunaesihdess Tuila
msfalnansen (LO-CUT OFF) Weuus@esNous$uosnuuInaegaielaio
o { s a (:?’ o
anudemeiuuumaes 18 Idaa LOW VOLTAGE whn ginsaitiszdalvan
gon e lild Tnanfenszuanauuamesananuldwdlduuamesidonela waz
A o E A o o Y o
Woussuuuaresngan1zlnadnase gilnsaiiiszan Inaadndusyuy Tag

oA luua

a J !
3) Lﬂuﬁguﬁ’]ﬂﬂﬂﬂLLNQL‘BﬁﬁLLﬁQ@W%ﬂU LA Luaeas
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3.45 myeenuuuszuy Iithuaseing

Y
9 @ o o A 3 a
ms IFautusmua nanmesiuuamestanwifuaaeanal  daunainanedull
' 9
MIzuaszu 150 W S mualdmunsaldauld 4 9 lusdariudoensnaesu
150x4 = 600 W-h

a A

fvualdilse@ninmmsilse quuaine3 (Charging efficiency) U3gu81 0.9

AITUNAIOIUNADINMIAD 600/0.9 = 666.67 W-h

dmmsutlseme Ine sndsnuuaseiadaeiu(Daily sulation) Ay 5 ¥2 149 (5 peak-
9
hr /day ) eariulu 19U Uszanasmdsnunnmaduaaoind US— 64 §1uau 1 ums iy

Daily Charging : 64x5 = 320 Wh

£ 4
ﬁaﬁuiumieammmﬁaﬂi%umwaﬁummﬂﬂf’f US — 64 §1342U 2 163

I

Daily Charging : 64x5x2 640 Wh
3.4.6 MIMVIAUUAADS
amdsau Tnsdssunuussunimaguasenadlu 1 Tufe 640 Wh nSawinfiy
640/ 24 = 26.67 Ah

o

Amualinslszquazield Juae 2667 Ah v 20 % vewnuquuawes el

S 9 =1 . o A ' Y = = [ '
u:ummainmqmﬂmmmnum uuﬂaiuumammmﬁmas wwAMsse mmxmﬂ'ﬂss JIUaE

152110 20 % AIVPVBIULAADIAG
Capacity of Battery :  26.67/02 = 133.33 Ah

[} t4 ]
dmiuszuuiesnuuuiifen]duunnes 12 v 65 Ah 290 v 130 Ah
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VN 4

a d
NIINaAaauitaz NI IcriHa

= ” o e .
AMSNAABIN I MINagUNDAATIZH NOINTUYDILVALADT LA THUANINITUYDY

a g 4 A
BUNDIADT U ATUNAEG

gailsvasn
a o ¢ a 1Y A o 9/ :u dyz =
DUNBSIADS NIFluMsTundoULBIBS YA 30 15N Tuse IWThA ity 3 vuie 30
@ =1 @ 1 o v
kW nazfuanuiiiseuveaweines laensifuanud uaziiannzmsvhaueg
3/ [ dy
4 THUAR BN UAST
1. RAMP
2. FLYING
3. TORQUE BOOST
4. FLYING + TORUQE BOOST
9 v v
MINAABIHINTUNITIAT I HHAYDIA S IAU(VdE) 1 nIZua(lde) ¥BILUANDS N9y

[ Yo a 4 s A o a LY ¥ o o 9 =
Wﬁﬁﬂ"lﬂlﬂﬂﬂﬂunﬂimﬂi WBNINITAUAIICHATN T‘H‘uﬂmammu"lwu%wﬂmmﬁmas qeyLay

s 9 P
NasUUsgnga

Qﬂnmiﬁ’h’s‘lumsmam
1. salthdameludsznenlildae
- Bunesines Y11 30 kW (ABB ACS400)
- uowBs YuA 30 15931 ( SIEMENS )
- LUAABIVLIA 12V 65Ah ( GS LUAINES ) ABBYNIURL 48 N
2. Taadiiwes (FLUKE 41-B)
3. wouilwes (FLUKE 8711 )
5. current probe (FLUKE 80I —110s)
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Penel

'

=

[ X ]
a 74 d
l PO HIIDIUADY 3I~——P/ Motor
48 Unit Series 30 Hp
- 2 Y "

{ § a 4 o { 1 o a
51l 4.1 MmsnaapueINTILH NasLvBwLAReS luudaz Tnuiansihauveunesines

THABHNI1INAADY

>

Q’I’ o a 4 ot [} d'l
mgﬂmmmimamﬁumaunasmas1umswmaausﬂ"lﬂﬁni‘lmmu Torque Boost
) g ¢ P

AIANUD 1991UN 10 Hz

Thufnsusedu (vV,) uaznszud (1) Auuamesieliiy Sunesined
SeFANUAT 20,30,40,50,60,70,80,90 e 100 udaguiuntsade 3
gagﬂxmumsﬁmmmﬁuna%’mm’ Tunssuduuemes iy Ramp, Flying,
Flying+Torque Boost 4@ 1HUNTAIYD 3 1Az 4

AATIEHAINAABY
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AHaNT3INAGDY

H 4 a I'd [ { v o
MIIN 4.1 LTAIHANINATOLINBIATIZY WAINIUYBLUANDS luudas TnuamsThauves

BUNBTIADS A ANNDE

Torque Boost

f 10 20 30 40 50 60 70 80 90 100
Ide(T) 22 3.8 5 5.6 6.8 7.6 8.4 105 1.2 124
vde(T) 604 601 600 596 595 594 593 592 591 590
Ramp
f 10 20 30 40 50 60 70 80 90 100
ldc(R) 2.7 35 4.5 545 6.9 7.3 84 9.2 10.8 12.2
Vde(R) 602 600 598 597 595 595 594 593 591 590
Flying
f 10 20 30 40 50 60 70 80 90 100
Idc(F) 2.3 34 4.6 59 7 7.9 8.8 9.8 10.9 12.2
Vdc(F) 603 600 599 596 595 594 592 591 586 586
Flying+Torque Boost
f 10 20 30 40 50 60 70 80 90 100
Idc(F+T) 26 2.8 32 43 56 6.5 7.5 8.3 9.6 12

Vde(F+T) 605 599 598 595 594 593 592 591 590 588
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14
12 Ide(T)
10
< s — - 1)
c
£ s
G - = = Idc(F)
4
2 1 Idc(F+T)
O T T T T T T T

M0 20 30 40 50 60 70 80 90 100

Frequency(Hz)

{ ? = v o a L8 o v
Eﬂﬁ 4.2 MNTZUAVDILLAIADT IUILARE THUAMSTOIUV0IBULIDTIADS & mmﬁmqq

610
- - - Vdc(R)
605
g 600 - = = Vvdc(T)
[+
g
5 995 4 — Vdc(F)
>
590
— Vdc(F+T)
585 T T T T 1
0 20 40 60 80 100
Frequency(Hz)

{ ' [ { 1 ] a 4 { v
517 4.3 Aussiuvesuuane’ Tuudas Tuuanisihausesdunesiaes o anuiaie
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IINTEvHanIITNAeY
=1 9 ~ a r's ~ a k) ' 9
nAMInAaesIzu ldiusaisiey Sinrziravenssuafiuuames aeesie sz uy lu

ANIZAI INTIATTUATNADE SN TUMSARIYDININUDUUANES SIUNIvES I Id

v ] H
i Tdlndifesiu  wazenwagylIdmannusedu lidesfiesSaruadoswilsin
WesnnpahimsneaswasiimsTaralinanes leiefidimaresvuussdy nanansmaaes
2 Y ° a ¢ ¢ . o =
waglldnvuansyheauves Sunesiaes uuy fying + torque boost aztfiu Inuamsviaud
o v a o 1 o o 9 Pe1 ad o a 4
mliuuames Sunszlunmshemdsnuiesigauazanudfiming aulumsyonuees sunes
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AN HA2 NMSNATOLINDAATIZHHAUBINIS WA TUDINUUALABS NABBYNTY
[ Y o/ o o 1 o { v
fu 48 galnfussuundsnundnvessa lnfh Tasdasussdu (Vdouaznszua (1do) finel

v a 3 ° o 1 =1
fuduneswes Mimsiuiinayag 5 Ui

ATIN X)) ATZUA(A) ANRI(W)
1 593 8.4 4981.2
2 593 9.6 5692.8
3 592 8.3 4913 .6
4 592 8.7 51504
5 592 9.4 5564.8
6 592 8.6 5091.2
7 591 8.2 4846.2
8 590 9.2 5428
9 590 8.6 5074

10 590 8.4 4956
11 590 9.3 5487
12 588 94 56202
13 587 8.6 5048.2
14 587 8.4 4930.8
15 586 8.5 4981
16 586 9.2 5391.2
17 585 9.1 53235
18 584 8.6 5022.4
19 584 9.5 5548
20 583 8.4 48972
21 583 8.4 4897.2
22 583 9.4 5480.2
23 581 8.6 4996.6
24 581 8.2 4764.2
25 580 8.3 4814
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ATIN

UNAL(V) ATZUA(A) ARQA(W)
26 579 8.7 5037.3
27 578 8.8 5086.4
28 577 8.8 50776
29 575 8.4 4830
30 oI5 9.1 5232.5
31 574 9.1 52234
32 571 9 5139
33 570 9 5130
34 570 8.7 4959
35 568 8.5 4828
36 566 8.6 4867 .6
37 564 9.3 52452
38 562 9.4 5282.8
39 563 8.7 4898.1
40 562 9.1 5114.2
41 560 a 5040
42 558 9 5022
43 556 8.% 4726
44 554 8.6 4764 .4
45 552 9.4 5188.8
46 550 9.4 5170
47 547 9.4 51418
48 545 9.2 5014
49 543 9.3 5049.9
50 540 9.3 5022
51 538 9.6 5164.8
52 536 9.2 4931.2
53 533 9.1 4850.3
54 532 9.3 4947 6
95 530 9.4 4982
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MINA HA3  NINATOUIREINT LA YDIANIUTLY LUAMDIYUIA 12 V 65Ah

o 9y 4 @ v 1 Y P 4
PIUIU 48 QN mam?maﬂﬂszi} NUBOS Iag3aa1iseau (Vdo)uag nse e (Idc) ‘VlLﬂ?ENﬂiz‘Q

{1 Y S o o 4
wuaweI i lviiuuuaees Minstiuiinamag 5 uid

ﬂ%qﬁl nIzuUa (A) UNAU (V) WAL / §n (V) C-rate A (W)
1 109.3 51.9 12.975 0.140128 5672.67
2 108.9 51.7 12.925 0.139615 5630.13
3 106.9 51.8 12.95 0.137051 5537.42
4 108.5 519 12.975 0.139103 5631.15
5 108.2 519 12.975 0.138718 5615.58
6 108.4 51.9 12.975 0.138974 5625.96
7 107.4 51.9 12.975 0.137692 5574.06
8 108 52 13 0.138462 5616
9 107.6 521 13.025 0.137949 5605.96
10 106.1 52.2 13.05 0.136026 5538.42
11 105.2 523 13.075 0.134872 5501.96
12 104.4 2.3 13.075 0.133846 5460.12
13 103.7 23 13.075 0.132949 5423.51
14 103.2 52.5 13.125 0.132308 5418
15 102.8 5245 13.125 0.131795 5397
16 102.1 52.4 13.1 0.130897 5350.04
17 101.5 52.5 13.125 0.130128 5328.75
18 97.4 52.5 13.125 0.124872 51135
19 96.5 526 13.15 0.123718 50759

20 95.2 526 13.15 0.122051 5007.52
21 93.6 52.7 13.175 0.12 4932.72
22 93.4 52.8 13.2 0.119744 4931.52
23 935 529 13.225 0.119872 494615
24 90.5 529 13.225 0.116026 4787.45
25 87.0 029 13.225 0.112178 4628.75
26 86.5 53 13.25 0.110897 4584 .5
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AT NT=UA (A) WAL (V) A/ g0 (V) C-rate 184 (W)
27 84 53.1 13.275 0.107692 4460.4
28 84 53.1 13.275 0.107692 4460.4
29 835 53.2 133 0.107051 44422
30 82.5 53.3 13.325 0.105769 4397.25
31 82 53.4 13.35 0.105128 4378.8
32 81 53.5 13.375 0.103846 4333.5
33 80.5 53.6 134 0.103205 4314.8
34 80.4 534 13.35 0.103077 4293.36
35 80.3 53.8 13.45 0.102949 4320.14
36 79.5 53.85 13.4625 0.101923 4281.075
37 79 539 13.475 0.101282 4258.1
38 785 54 135 0.100641 4239
39 78 543 13.575 0.1 42354
40 76.5 544 13.6 0.098077 41616
41 158 545 13.625 0.096795 4114.75
42 745 548 S 0.095513 4082.6
43 69.5 548 135 0.089103 3808.6
44 66.5 55 13.75 0.085256 3657.5
45 64.5 55.2 13.8 0.082692 3560.4
46 63 53.5 13.875 0.080769 3496.5
47 60.5 55.8 13.95 0.077564 33759
48 585 56.1 14.025 0.075 3281.85
49 58 56.4 141 0.074359 3271.2
50 55 56.5 14.125 0.070513 3107.5
51 53 57 14.25 0.067949 3021
52 515 573 14.325 0.066026 2950.95
53 50 574 14.35 0.064103 2870
54 49 577 14.425 0.062821 2827.3
55 48 57.8 14.45 0.061538 2774 .4
56 48.8 58.2 14.55 0.062564 2840.16
57 48.3 58.5 14.625 0.061923 2825.55
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ATNH HA4 MInaeuLasiuinNoueIMIAeLlse queaLAAeS 12V 65 Ah §1uau 2 gn

apvuuiu Inunseiing 240 w Tae

fiunse shimstiudinainneg 5 1w

[y 1

IARULTIAU (Vde) tagnszue (Idc) A uuawes e

3

7

Afn U (V) nTzug (A) AR (W) Sada-ali (Wh)
1 11.70245 19.563628 228.61 0.254
2 11.61017 19.32269 224.31 19.123
3 11.53534 19.27214 222.31 37.7
4 11.63101 19.24598 223.81 56.377
5 11.7319 19.22985 225.61 75227
6 11.72693 19.21862 225.31 93.997
7 11.72742 19.19593 22511 112.765
8 11.71344 19.19057 224.71 131.421
9 11.58575 19.10903 221.309 149.897
10 11.57571 19.10754 221.109 168.414
11 11.7662 19.07804 224.409 187.113
12 11.82379 19.03493 225.009 205.797
13 11.58224 18.968 219.609 224127
14 11.49268 18.91429 217.31 242337
15 11.47607 18.92868 217.209 260.41
16 11.52588 18.89465 217.709 278.642
17 1147372 18.93182 217.209 296.708
18 11.47229 18.93066 217.11 314.825
19 11.50778 18.88377 217.31 332.954
20 11.49835 18.87268 217.009 351.059

21 11.49869 18.8642 216.91 369.153
22 11.47733 18.78393 215,509 387.195
23 11.47693 18.78093 215509 405.174
24 11.47897 18.75675 215.309 423.136
25 11.47543 18.75972 215.21 441.088
26 1152112 18.72363 215.709 459.079
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ATIN UINAU (V) ATTUE (A) AN (W) Anda-Falu (Wh)
27 11.49634 18.73328 215.309 476.975
28 11.50552 18.71228 215.21 494.984
29 11.50009 18.70403 215.109 512.924
30 11.48566 18.6959 214.709 530.83
31 11.43863 18.66503 213.509 548.638
32 1142477 18.65946 213.109 566.353
33 11.42432 18.61805 212.61 584.147
34 11.41116 18.61349 212.408 601.803
35 11.39655 18.59968 211.909 619.539
36 11.39752 18.57742 211.71 637.137
37 11.40115 18.54177 211.31 654.822
38 11.34244 18.57619 210.609 672.389
39 11.33719 18.56717 210.509 689.947
40 11.32861 18.54078 210.01 707.404
41 11.29037 18.53612 209.209 724.855
42 11.42313 18.49016 211.20¢ 742.468
43 11.40436 18.47571 210.709 760.1
44 11.40085 18.45405 210.309 777578
45 11.37375 18.43662 209.608 795.059
46 11.36411 18.41443 209.209 812.506
47 11.36484 18.37748 208.809 829.981
48 11.24149 18.36352 206.409 847.199
49 10.90155 18.29596 199.408 863.844
50 10.95532 18.23641 199.709 880.513
51 10.95282 18.2171 199.509 897.165
52 10.89673 18.17934 198.009 913.693
53 10.8779 18.13222 197.209 930.095
54 10.92361 18.1149 197.809 946.664
55 10.93671 18.08242 197.708 963.105
56 10.5975 18.00404 190.707 979.032
57 10.70737 17.94102 192.108 995.131
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MINA W45 MINATOUMIBAUTTYUBLDANBIVUIA 12 V 65 Ah 11U 2 N

I's a Jd o o A
G?’JEJLLNQWZ’\QLL’CNQWMEHJN'M 12V 64 W (US — 64) 914U 2 LN Iﬂﬂl‘l’l'\ﬂ”ﬁﬂ']ﬂﬂigﬂqtmmﬁﬂi

1 o Y 4 Y < a o [
PUNUANDUNINITNADDY LIDIIAAULIIAU (Vdc) thagnszue (Idc) ﬁt%aﬁLLﬁQB"I‘VlﬁETWWﬂ"ISﬂﬂ

UszyIinuuuanes vnq 5 ud

Ry

AR 1981 UINAU (V) ATIUA (A) A4 (W) Snda-dalin (Wh)
1 7:02:21 11.47995 1.390271 15.96024 0.022
2 7:07:20 11.37854 1.586852 18.05606 1.441
3 7:12:21 11.4617 . 1.743466 19.98308 3.019
4 7:17:21 11.55682 1.933101 22.3405 4.788
5 7:22:21 11.55161 2.026105 23.40477 6.667
6 7:27:20 11.5473 2.048074 23.64972 8.583
7 7:32:20 11.5228 1.761659 20.29924 10.27
8 7:37:21 11.48828 2.188408 25.14104 12.308
9 7:42:21 11.48209 2.12388 24 38658 14.31
10 7:47:21 11.547 1.685234 19.4594 15.943

_‘11 ) 7:52:21 11.49896 3.203296 36.83457 18.894
12 7:57:21 11.49634 3.414999 39.25999 22.041
13 8:02:21 11.49002 3.860878 44.36157 25.605
14 8:07:20 11.56393 4.068517 47.04805 29.404
15 8:12:21 11.53683 3.068215 35.39747 31.054
16 8:17:21 11.61826 4.359256 50.64697 35.141
17 8:22:21 11.62275 4.805147 55.85383 39.657
18 8:27:20 11.53464 4.74969 54.78596 4411
19 8:32:20 11.69305 4981767 58.25205 48.835
20 8:37:21 11.54709 5.141425 59.3685 53.677
21 8:42:21 11.84329 5.382585 63.74752 58.859
22 8:47:20 11.71411 5.702733 66.80244 64.319
23 8:52:20 11.83328 5.795979 68.58544 69.915
24 8:57:21 11.95868 5.997287 71.71964 75.765
25 9:02:20 11.91647 6.277823 74.80949 81.894
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AN 1981 UFIeU (V) ATZUA (A) A4 (W) fnda-fialug (Wh)
26 9:07:21 11.7641 6.438231 75.73999 88.081
27 9:12:20 11.711 6.484746 75.94286 94 .317
28 9:17:21 11.73843 6.479739 76.06196 100.543
29 9:22:20 11.95242 6.790768 81.16611 107.199
30 9:27:20 11.98284 5.456197 65.38128 112.601
31 9:32:21 11.77005 7.07184 83.23591 119.424
32 9:37:20 11.49344 6.025841 69.25764 121.668
33 9:42:21 11.60144 7.675362 89.04525 128.968
34 9:47:20 11.98734 7.99489 95.83746 136.837
35 9:52:20 11.58694 7.465872 86.50661 140.474
36 9:57:21 11.51309 8.056841 92.75914 143.337
37 10:02:20 11.85443 5.065824 60.05246 148.238
38 10:07:21 12.02286 8.04671 96.74447 156.181
39 10:12:20 12.14819 7.065814 85.83685 161.51
40 10:17:20 12.0885 8.247411 99.69883 169.725
41 10:22:21 12.13467 8.256351 100.1881 177.957
42 10:27:20 11.96155 8.025694 95.99974 182.634
43 10:32:21 12.11301 8.012199 97.05185 190.619
44 10:37:20 12.08783 8.3199084 100.5706 198.924
45 10:42:20 12.15543 8.409047 102.2156 207.356
46 10:47:21 11.95251 8.489488 101.4707 215.711
47 10:52:20 11.9935 8.479416 101.6979 224117
48 10:57:21 11.95129 7.525689 89.94169 227.605
49 11:02:20 12.0235 8.492064 102.1043 236.056
50 11:07:21 12.23383 8.438074 103.23 244.584
51 11:12:21 1221994 8.331143 101.8061 252.984
52 11:17:20 12.30515 8.083784 99.47217 261.224
53 11:22:21 12.27768 8.402788 103.1667 269.734
54 11:27:20 12.26508 8.22016 100.8209 278.094
55 11:32:21 11.92673 7.74399 92.36048 285.724
56 11:37:21 12.26495 8.344482 102.3447 294.193
57 11:42:20 11.90887 8.400928 100.0456 302.493
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(&5

AT 1281 UNAU (V) ATIUA (A) AT (W) fnda-dalia (Wh)
58 11:47:21 12.31094 8.345795 . 102.7446 310.98
59 11:52:20 12.35916 8.099376 100.1015 319.292
60 11:57:21 12.21326 8.246028 100.7109 327.637
61 12:02:20 12.31989 8.147859 100.3807 335.932
62 12:07:20 11.81235 8.185625 96.69147 343.962
63 12:12:21 1224435 8.108459 99.28281 352.169
64 12:17:20 12.35074 8.182132 101.0554 360.563
65 12:22:21 11.823 8.110141 05.8862 368.513
66 122721 12.41879 8.113503 100.7599 376.846
67 12:32:20 12.2366 8.161615 99.87042 385.146
68 12:37:21 12.43509 8.124446 101.0282 393.506
69 12:42:20 12.45599 8.1092 101.0081 401.906
70 12:47:21 12.4603 8.036661 100.1392 410.194
71 12:5221 12.4881 7.94686 99.24118 418.429
72 12:57:20 12.49268 7.909929 98.81621 426.652
73 13:02:21 12.47955 7.989156 99.70107 434.91
74 13:07:20 12.50021 7.932733 99.16083 443.159
75 13:12:21 ' 12.04391 7.562303 91.0797 450.703
76 13:17:20 12.03043 7.674384 92.32614 458.374
77 13:22:20 12.08078 7.659709 92.53526 466.082
78 13:27:21 12.01721 7.507133 90.21479 473.561
79 13:32:20 12.14969 7.420753 90.15985 481.074
80 13:37:21 12.44843 7.100569 88.39094 488.397
81 13:42:20 12.1832 7.303368 88.97839 495.791
82 13:47:20 12.45905 6.731581 83.8691 502.786
83 13:52:21 12.27496 6.461584 79.31569 509.369
84 13:57:20 12.25754 6.391035 78.33837 515.911
85 14:02:21 12.4585 7.012534 87.36565 523.153
86 14:0720 12.3548 6.02957 74.49413 529.354
87 14:12:20 12.31042 6.42402 79.08238 535.954
88 14:17:21 12.33258 6.456851 79.62963 542.563
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ARIN 1289 LA (V) nTeug (A) A (W) el (Wh)

89 14:22:20 12.31134 6.404483 78.84777 549.147
90 14:27:21 12.3558 6.14649 75.9448 555.45

91 14:32:20 11.9422 4.909026 58.62457 560.348
92 14:37:20 12.50626 5.635988 70.48513 566.24

93 14:42:21 12.49982 5.573689 69.67011 572.024
94 14:47:20 12.50235 5.412494 67.66889 577.684
95 14:52:21 12.12317 4.579466 60.36691 582.701

96 14:57:20 11.98517 5.196832 62.28491 587.915
97 15:02:20 12.43701 4.163812 51.78537 592.243
98 15:07:21 12.08347 4.857361 58.69378 597.118
99 15:12:20 12.4729 3.99171 49.7882 601.301

100 15:17:21 12.14108 4.80616 58.35197 606.151

101 15:22:20 12.45789 4.32124 53.83353 610.651

102 15:27:21 12.18655 3.886711 47 3656 614.633
103 15:32:21 12.2186 3.8571 47.12836 618.559
104 15:37:20 12.48123 3.204237 39.99282 621.93

105 16:42:21 12.47791 2.878224 35.91422 624.95

106 15:47:20 12.48648 2.792668 34.87059 627.859
107 15:52:20 12.10098 2.517438 30.46347 630.444
108 15:57:21 12.09042 3.269875 39.53416 633.74

109 16:02:20 12.49075 3.035474 37.91535 636.942
110 16:07:21 12.06641 2.572989 31.04674 639.536
111 16:12:21 12.09842 2.429759 29.39624 642.027
112 16:17:20 12.2016 2.038609 24.87429 644.127
1 13 16:22:21 11.88248 2.387344 28.36757 646.515
114 16:27:20 12.47549 1.651839 20.6075 648.267
115 16:32:21 12.13794 2.097308 25457 650.414
116 16:37:20 12.3819 1.799734 22.28413 652.297
17 16:42:21 12.25623 1.42332 17.44454 653.782
118 16:47:21 11.97705 0.967781 11.59116 654.779
119 16:52:21 11.96942 1.060149 12.68937 655.867
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Battery Capacity

B Determining the Discharge Current

When a battery is kept discharge at 5 A until it reaches the cutott
voltage (1.75Vicell) In 20 hours, the prooess Is called 20-hour
discharge, and SA is called the 20-hour discharge current.

B Size of Discharge Current and Capacity

The larger the discharge cument of the battery (the smaller the
discharge rate), the smaller its capacity. This is because the larger
the discharge current, the more the penetration and dispersion of
electroiyte through the plate pores is delayed. (Fig. 5)

i<¢ Electrolyte Temperature and Capacity

Baitery capacity varies greatly with electrolyte temperature (Flg. 6)

&8 Discharge Performance

Although previously, Capacity at 20-hour rate was stressed for
battery performance, cold cranking average (CCA), reserve
capacity (R.A), and Capacity at S-heur rate are currently given
greater regard. This is because the ability of a battery to crank ea
engine under severe conditions is now thought o( a3 an important
part of basic battery performance.

- -

The battery oapaoity Is the amount of charge which the
battery can provide under constant-current discharge.

Fig. 6 Discharge Rate and Capacity

™

|t

Cagadlty () pred

nlt
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“‘,l § 0 Q@ 1« ®w 1B N

Rate
Fig. 6 Temperature of Electrolyte and Cepacity
(Over 20 Hrs)

o P

Pt

Capatity (%)

4
FTm =1 0 N » 2

Tomocratute (°C

 Cold Cranking Ampere (CC.A)
Abettery's CC.A is the discharge current, expressed in
amgeres, that is necessary to produce a voltage of 7.2V at
the 30th second of discharge at —17.8°C.

¢ Reserve Capacity RC)
A battery's reserve capaity is the continuous discharge
time, In minutes, when the battery is discharged at 25A and
25°C,

Fig-7
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When a discharged oattecy is charged at a constant cument, (

i wnbnn Fiord dan :o-«l..eltu and then rizas sharmly to the

YUt < - tee s+ e——

madmum when gases ace given off at the calls, and
statilizes at the fully charged voltage. After reaching
matmur, the weltage will not rise even with further
charging {cvercharging).

The voltage at the end of charge depends on the current, the
temperature of the electrotyte, and the age of the battery.
Khea £ badley ks dashened under & ccnstant cunent, the
voltage will flrst drop gradually as discharge progresses, and
then abruptly fall off.

The abllity of a battery to crank an engine i$ determined by
tha size of the wltage and the battery's discharge time when
I ts dischargad by & 2igh eurent.

JASO and JIS standzrds stipulate that a fully charged
battery cooled 10 -15°C must discharge at the cuments given
in the foliawing table. These currents approximate the
CLAEALS Wi a0 STiging (3 Craned.

Tabie®d
Battery Type Discharge Current (A)
NSO er Loves, o Equivatent 0
- ALcmRSGT;'w;\ NI10G o Eguivalen: %0
N120 2 Hinhee (o f;'m"n'c.'\! &0

———— e st
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rable 1. DISCHARGE CAPACITY AT VARIOUS DISCHARGE RATES
qojour Rate 20 HOURS 10 HOURS SHOURS - 3 HOURS 1 HOURS
Nominal —
Capacity 0.05CA to 0.093CA to 0.17CA to 0.25CA to 0.60CA to
(AH) 1.75V/Cell 1.75V/Cell 1.70V/Cell 1.67V/Cell 1.60V/Cell
1.2 1.2 1.1 1.0 0.9 0.7
; 1.9 1.9 1.8 1.6 1.5 1.1
i 2.9 2.9 2.7 2.5 22 1.7
3.2 3.2 . 30 2.7 2.4 1.9
4.0 4.0 3.7 3.4 3.1 2.4
6.0 6.0 5.6 5.1 4.6 3.6
6.5 6.5 6.0 5.5 5.0 3.9
7.0 7.0 6.5 6.0 ' 5.4 4.2
10.0 10.0 9.3 8.5 7.7 6.0 A
12.0 12.0 11.2 10.2 9.2 7.2 :
15.0 15.0 14.0 12.8 11.6 9.0 1
18.0 18.0 16.7 15.3 13.4 10.8 5
24.0 24.0 22.3 20.4 18.5 14.4 i
30.0 30.0 27.9 255 23.1 18.0 :
40.0 40.0 S%2 34.0 30.8 24.0
65.0 65.0 60.5 55.3 50.1 39.0
100.0 108.0 100.0 92.0 83.0 65.0 '
150.0 - 161.0 150.0 137.0 124.0 97.0 I
200.0 215.0 200.0 : 183.0 166.0 129.0 ]

igeneral, lead acid batteries are damaged in terms of capacity and service life if discharge below the recommended cut off
stages. For example, if a lead acid battery were discharged to zero volts, and left standing in either “"on® or "off™ load
inditions for a long period of time, severe sulphation would occur, raising the intemal resistance of the battery abnommalix
th. In such an extreme case, the battery may not accept charge. ES batteries have been designed o vithstand some levels of”
er-discharge. However, whilst this is not the recommended way of operation, ES batteries can recover their capacity when
tharged comrectly. Final discharge voltage is shown in table 1.

) Temperature Characteristics
As the ambient temperature rises, avaidable capacky of a battery increases and as the ambient temperature lowers the =2, - 7 -
decreases. Figure 3 shows the temperature effects in refation to the battery capacity. : :

Figure3. TEMPERATURE EFFECTS IN RELATION TO BATTERY CAPACITY
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i0- Internal Resistance Change During Discharge

f

" An ES battery has its intemal resistance smallest when it is charged completely. The intemal resistance increases slowly as
' discharge progress, and increases rapidly at the final stage of discharge. It will be observed that the intemal resisiance
decreases slowly when the discharge is terminated as it has reached the final stage. Fig 4 shows the intemal resistance of
an ES battery measured through a 1000Hz AC bridge.

Figure 4. INTERNAL RESISTANCE

_ g T Temperature 25 C
E 2| £ Batery Modcl:ES8-6
—%2 .‘:'.;6 Meusu«:d'with 1000Hz AC Bridge
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IELF-DISCHARGE, SHELF LIFE AND STORAGE

0 Self-discharge
The self-discharge rate of ES batteries is approximately 3% per month when batteries are stored at an ambient temperature
of 20°C (68" F). The self-discharge rate varies with ambient temperature. Figure 5 shows the relation between the storage

timz at various temperatures and the rerraining capacity.

Figure 5. SELF DISCHARGE CHARACTERISTICS
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O Shelf Life’

It is a general phenomenon that, when lead acid batteries of any type are stored in a discharged condition for an extended period
i of time, lead sulphate is forméd on the negative plates, which is referred to as “sulphation”. Since the lead sulphate acts as an
insulator, it has a direct detrimental effect on charge acceptance. The more advanced the sulphation, the lower the charge
acceptance. Table 2 below shows the nommal storage time or shelf life at vardous ambient temperatures.

Tatle 2. SHELF LIFE AT VARIOUS TEMPERATURES

Temperature ' Shelf life

0t (32°r) to 20T ( 68°F) 12 months

21T (70°F) to 30T ( 86°F) 9 months
31T (88°F) to 40T (104°F) 5 months
2.5 months

41¢ (108°F) to 50T (122°F)

Limited use (a few days) at temperatures higher than the ranges recommended above will advérsely affect the service life.
Prolonged use of batleries at elevated temperatures will reduce the shelf life expectancy of batteries. The storage time must be
determined according (o the new ambient temperature. Batteries should be kept in a dry, cool place.

CAPACITY MEASUREMENT BY OPEN CIRCUIT VOLTAGE

The approximate depth of discharge or remaining capacity of an ES battery car. be empirically determined frem

Figure 6.
i
i =
i
i Figure 6. OPEN CIRCUIT VOLTAGE VS REMAINING CAPACITY
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SERVICE LIFE

J Cyclic Life .

g
Figure 7. CYCLE SERVICE UIFE IN RELATION TO DEPTH OF DISCHARGE
TESTING CONDITIONS:DISCHARGE CURRENT0.17C Amp. (F.V 1. TV/CELL)
) CHARGING CURRENT0.09C Amp.
: CURRENT VOLUME: 125% OF DISCILARGED CAPACITY
(AHX) AMBIENT TEMPERATURE-20C(65F)
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There are number of factors that affect the length of cycle life of an ES battery. Major factors are the ambient operating
temperature, the discharge rate, the depth of discharge, and the manner in which the battery is recharged, of which the
most imporntant is the depth of ciischarge. Figure 7 shows the effects of depth of discharge on cyclic life. The discharge
capacity has the trend to increase in the initial stag= ¢.f the cycle, and reach the maximum capacity at about 50 cycles.

The relation beiween the expected number of cycles and the depch.of discharge is apparent. In case, at a given discharge
rale, a longer cyclic life(than that obtained through selection of a capacity following the common practice) is required, it is
advisable that you select a battery with larger capacity. At a given discharge rate and time, the shallower the depth of
discharge, the longer is the cyclic life. .

IFloat Life
ES batteries are designed to op=rate in standby(float) use up to 5 years on a nomma! service condition in which float charge

voltage is maintained between 2.25 and 2.30 volts per cell in an ambient temperature of approximately 20°C(68°F). -
Figure 8 shows the float life characteristics of ES batteries when discharged once every three(3) months up to 100% depth

of discharge.
nomal float use (2275v/cell), where charging voltage is maintained 225 to 230 volts per cell, gas generated inside an ES baltery is

; S

Figure 8. FLOAT SERVICE UFE

TESTING CONDITIONS:FLOATING VOLTAGE:=2.25 TO 2.30V/CELL
AMBIENT TEMPERATURE:20°C TO 22°'C(68°F TO 72°F)
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:eoombinedhtomenegaﬁveplats.mdleuxntowatermmdmededrdyte_Eledri@loapadtwae{oreisnotbstdueto“drying-up“ of
Uweeledrdyt&ﬂuu;ghgadmlconos’mdﬂmedectod&mebauaywﬂlmﬂylosecapacityandcomeloanendoflife_ It should be
rueduwatutp(mwﬂlbeacceleratedbyhigwanbialopaa&ngtempdanmand/orhighddmargingvokag&Whmdeggning a float
system, one must bear in mind that length of life will be directly affected by the number of discharge cycles, the depth of discharge, the

ambient temperature, and the charging voltage.
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. Figur= 2. REIATIONSHIP BETWEEN FLOAT CHARGE Figure 10. RELATIONSHIP BETWEEN TEMPERATURE
VOLTAGE AND BATTERY UFE AND LIFE IN FLOATING OPERATION
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O Failure Mode at End of Battery Life

The failure modé when the battery ends its life(life ending mode) includes :

« Capacity decreasc ... Electrolyte decrease, and reduced adhesion of active material.

- Intemal short circuit
| Corrosion and growth of plate grids.

- Damage to container or lid
- Terminal corrosion

« Reduced open circuit voltage

A key point to use an ES battery more skillfully is to provide temperature compensation to the set voltage. The associated
effect is an extended battery life. Use the temperature gradient started in temperature compensation. .

Such temperature compensation enables proper charging at various temperatures. The advantage is that final charge
current will not get excessive even if a temperature ris-* occurs.{rherefore. the final charge current is suppressed sufficienty
low to avoid the phenomenon of thermal runaway when the temperature in a grouped battery shoots excessively high,
even if the temperature exceeds 35T in cycle use, or 40 in floating use. (To avoid a thermal runaway, it is best to reduce
the floating voltage when temperature rise is detected in a grouped battery. Altematively, discontinue charging tiil

temperature has retumed to nomal.
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CHARGING

proper charging is one of the most important factors when using ES batteries. Battery performance and service life are directly
sfiected by the way and the method of charging used. There are four different charging methods:

- Constant Voltage Charging

- Constant Current Charging

- Taper-Cucrent Charging

- Two-Step Constant Vo'tage Charging

0 Constant Voltage Charging
Charging at constant voltage is the most suitable and commonly used method for charging ES batteries. Figures 11-16 show
the charging features of ES batteries when charged with constant voltage chargers at 2.30 volts/cell, 2.40 volts/cell and 2.50
volts/cell, with the initial charging cuent controlled at 0.1 CA, and 025CA.

w
Figure 11. CHARGING CHARACTERISTICS 25
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| Figure 13. CHARGING CHARACTERISTICS W
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Figure 16. CHARGING CHARACTERISTICS "
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O Constant Current Charging

method for charging a multiple number of
mong batteries in a group. When
me rate for an extended

This charging method is not often adopted for ES batteries, but.is an effective
batteries at one time and/or as an equalizing charge to comect the variance of capacities a
charging with constant current, one must be careful, because if the charging is continued at the sa
period of time after the battery reached a fully charged state, a severe overcharge may occu. resulting a heavy damage to

the battery. .

Figure 17. CONSTANT CURRENT CHARGING (ONE EXAMPLE)
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Figure 18. CONSTANT CURRENT CHARGING CIRCUIT
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Taper-Current Charging
The taper-current charging with constant current is not recommended as it often reduces service life. This chargin

however is widely used to charge multiple numbers of batteries and/or for cyclic charging because of its simplicity an
tower cost. When using a taper charger, it is advisable that charging time be limited, or that a charging cut-off - ircuit b
incorporated in the charger to prevent overcharge. Please consult the manufacturer for further information on this.

Figure 19. TAPER CURRENT CHARGING CIRCUITS

(A)HALF.WAVE (B)FULLWAVE (C)FULLWAVE (CENTER TAP)

“H - ¥ 1o ET

0 Two-step Constant Voltage Charging

Two-step constant voltage charging is a recommended method for charging ES batteries in a short period o( time, ar
maintaining them in a fully charged standby or float condition. Figure 20 shows the features of a two-step constznt voltac
charger. The features shown in the Figure are those of a constant voltage, constant cumrent charger. In the initial chargir
stage, the battery is charged with constant curent. The charging voltage rises as the charge continues until it reaches 2.
volts per cell, at which point the charging mode automatically changes to constant voltage charging. During the conste
current charging stage (A-B), the charging current which has decreased to point B is sensed, and the charging voltage
switched to the float level of 23 volts per cell from the recovery level (B-C) of 2.45 volts per cell. The switch over to constz
voltage trickle charging occurs after the battery has recovered approximately 80% of the rated capacity over a given period
time. This method is one of the most efficient. The recharge time is minimized during the initial charging stage whilst t
battery is protected from overcharge by switching over to float charge at the switching point B.



When this charging method is used, the output values will be as follow

Initial Charging Current:------ -----0.25C Amps(max)
Charging Voltage: -
Ist Stage ----+------ 2.45 V/cell(2.40 to 2.50 V/cell, max)
2nd Stage ----------- 2.28 V/cell(2.25 to 2.30 V/cell, max)
Switching Current from
Ist Stage to 2nd Stage --+-------- 0.05C Amps(0.04C to 0.08C Amps)

Note : This charging method cannct be used in applications where the load and the battery are connected in parallel.

Figure 20. CHARGING CHARACTERISTICS OF A TWO STEP CONSTANT-VOLTAGE CHARGER
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U Solar Powered Chargers . . = - .
A battery is an indispensable component of any solar powered system designed for demand energy use. ES batteries can
be charged by the solar amray using diode regulated circuitary as shown in Fig 21.

In designing a solar powered system, consideration should be given to the fact that in addition to normal periods of
darkness, weather conditions may be such that solar energy is limited, or virtually unavailable for long periods of time. In
extreme cases, a systen may have to operate for 10 to 20 days with little or no power available for charging. Therefore,
when selecting the corect battery for a solar application, the capacity should be determined based upon maximum load

conditions for the maximum period of time the system may be expected to be without adequate solar input.
In many instances the battery capacity will be 10 to 50 times greater than the maximum output of the solar panels. Under
these circumstances, the maximum output of the solar array should be dedicated to charging the battery with no load

sharing or intervening control devices of any kind. .

Naturally, in cases where the output of the solar array exceeds the capacity of the battery, and weather conditions are such
that the potential for overcharging the battery exists, appropriate regulated charging circuitry between the solar panels and
the battery is recommended

Remote sites and other outdoor application is where most solar powered systems are to be normally found. When designing
a solar powered system for this class of application, a great deal of consideration must be given to environmental
conditions. For example, enclosures which may be used to hguse batteries and other equipment may be subject to
extremely high intemal temperatures when exposed to direct sunlight. Under such conditions, insulating the enclosure
and/or treating the surface of the enclosure with a highly reflective, heat resistive material is highly recommended.

in general, when designing a solar powered system, consultation with the manufacturers of both the solar panel and the

battery is strongly advised.

19



Figure 22. CONSTANT VOLTAGE CHARGING
Figure 21. BLOCK DIAGRAM OF A CHARACTERISTICS WITH NO CURRENT UMIT
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O Initial Charge Current Limit

A discharged battery will accept a high charging current at the initial stage of charging. High charging cumrent can cause
abnormal intemal heating which may damage the battery. Therefore, when applying a suitable voltage to recharée a
battery that is being used in a recyding application ¥ is necessary to limit the charging current to a value of 025C Amps.
However, in float/standby uce, ES batteries are designed so that even if the available charging current is higher than the
recommended limit, they will not accept more than 2C Amps and the charging current will fall to a relatively small value in
a vety brief period of time. No«mally.. therefore, in the majority of float/standby applications no current limit is required. Fig.
22 shows cumrent acceptance in ES batteries charged at a constant voltage of 230V/cell without current limit.

When designing a charger, it is recommended that suitable circuilry i employed to prevent damage to the charger caused
by short circuiting the charger output or connecting it in reverse polarity to the battery. The use of current limiting and heat
sensing circuits fitted within the charger are nommally sufficient for the purpose.

Recovery Charge After Deep Discharge =
When a battery has been subjected to deep discharge (commorily referred to as over discharge), the amount of electrical
energy which has been discharged can be 1.5 to 2.0 times greater than the rated capacity of the battery. Consequently, a
battery which has been over discharged requires a longer charging period than normai. Please note from Fig. 23 that as 2
result of increased intemal resistance, the charging current accepted by an over discharged ES battery during the initial
stage of charging will be quite small, but will increase rapidly over approximately the first 30 minutes until the intemal
resistance has been overcome, then normal, full recovery charging characteristics resume. '

Because of this initial small charge current, in an over discharged battery, as described above, unless due consideration is
given to this fact then if the charging regime uses current monitoring for determining either the state of charge and/or for
signalling that the switching point has been reached for reducing the voltage to a float/standby value (as is the normal case
in a multi-stage charger), the charger could be ‘tricked' into entering further siages before completing earlier ones. In other
words the charger may give a false "full charge” indication, or may initiate charge at the float voltage figure, instead of at

higher voltage level.



Figure 23. THARGING CHARACTERISTICS OF ES7-2-12 AFTER DEEP DISCHARGE ,

0.25CA-14.5V CONSTANT VOLTAGE CHARGING FOR 24HOURS
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U Temperature Compensation

As temperature rises, electrochemical activity in a battery increases and conversely decreases as temperature falls.

Therefore, as the temperature rises, the charging voltage should be reduced to prevent overcharge and increased, as the

temperature falls, to avoid underchaige. In general, in order to attain optimum service life, the use of a temperature

compensated charger is recommended. The recommended compensation factor for ES batteries is -3mV/¢/Cell (for
floated/standby) and -4mV//Cell (cyclic use). The standard centre point for temperature compensation is 20C. Fig. 24
shows the relationship t2tween temperatures and charging voltages in both cyclicand ﬂoat/sta’ndby applications.

In practice where there are short term temperature fluctuations between 5° C and 40°C, temperature compensation is not

ebsolutely essentiai. However, it is desicable to set the voltage at a value shown in Fig. 24 which, as closely as possible,

comresponds to the average ambient temperature of the battery during its service life. When designing a charger equipped

with temperature <ompensadon, the temperature sensor must sense only the temperature of the battery. Therefore,

consideration should be given to thermally isolating the battery and temperature sensor from other heat 'generau'ng

components in the system.

Figure 24.  KELATIONSH(F BETWEEN CHARGING VOLTAGE AND TEMPERATURE
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Model BPTS 12801

Deseription : - - ' A\ ST

The ELECTRONIC CONTROL UNIT provides optimum performance and 1ong@>§e;a;{;§mg;
life for batterics used in photovoltaic system, Tt providés| two ' miain’
functions. LB ¥ TR

a) The ECU is a charge controller. It has a control clreuit whioh a.llﬁw
maximim charging just to the point of gassing and then switc‘hes _of
the solar panel. This prevents battery overcharging. :

4
& ‘1 :
S

b) The FCU terminal block 'provjdea a central location to intewonhect th
wiring between the solar panel, the battery and the various éustome
appl iances (loads). P BT

12V Oper ation

In normal condition when the voltage of:the battery is 12.6VDC, the . sys
will function. The load terminal may be used. However, when tle battery-.-
voltage reaches 15.1VDC, the solar module becomes disconnected apd ‘the REIi

4
1
i
]
|

high battery light will be 1it. When the battery voltagé drops fo 18- BVDO: A
the solar module will be reconnected and the RED high battery llght w!li! o
turn off. If the battery becomes discharged until the voltage dyops t :
10.8VDC, the GREEN low battery light will be 1it, the LOAD will be ‘cut’ offi! ™~
automatically and disconnected. When the battery becomes charged’ aga!n‘_- .
unti] the voltage reaches 12.5VDC, the GREEN low battery light w_lll turn‘n";'l""
off, the LOAD will then be reconnected again. LT e di




FROW : BP Thai Solar TEL NO. : 2557945 2002.
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Ingtallation
Location The BCU must be mounted on a flat, wvertical

a4, Charged current and load current must not be greater than 80

within ten feet (3.09m) from.-the battery, with
three inches (76mm) of c¢learance at the top an
for proper A/R flow.

Step by Step Wiring

1. Connect the ECU to the battery, make sure¢ the positive temin
battery is connected to the positive terminal of the battery

and negative to the negative.

2. Similariy, the polarity of solar module and losd comnected to ."f(;he?'f'.'i. '

correct polarity of the ECU.

3. Never sﬁort circezit the system.

5. Opening on top and bottom of the ECU must never be ol
Precautions should be taken to prevent foreign materlal from
into the unlt.

6. Never install the unit above a source of heat or in a small;,
space.
Elecirical Characteristics
Sysgtem Voltage
12V
High Voltage 16.1V
(Solar Panel cut off)
Low Voltege 10.8V
Charge & Load Current 80 amps.

(Max imum)

\ .

1he high and low voltage cut-off can be adjusted by +/— 10% from

figures. :
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UNI-S®LAR

UNITED SOLAR SYSTEMS CORP. SALES OFFICE:

5278 Eastgate Mall
San Diego, CA 92121-2814

Telephone: 619/625-2080
Fax: 619/625-2083

September 23, 1997 1-800-397-2083

TECHNICAL BRIEF .
UNITED SOLAR PV MODULE PERFORMANCE ADVANTAGES .

| e

UNI-POWER- Solar Electric Modules '
UNI-POWER™ solar electric (photovoltaic modules ufifze United Solar’s proprietary
Triple Junction amorphous silicon alloy solar cells. These cells are made in a rollto- -

roll deposition process on a contifiuous roll of stainless steel. The result i is a unique,
flexible, fightwaight solar cell.

All UNl POWERm photovoltaxc modules are encapsulated in UV stabilized polymers
and framed with anodized aluminum.- The polymer encapsulation consists of
fluoropolymer Tefzely (by DuPont).and PHOTOCAP™ EVA. The encapsulated

solar cell is adhered to a Galvalume steel backing rlate to provide stiffness resumng
inan exceptxonably durable photovo[talo module.

UNI-POWER™ photovoltaic modules are shadow folerant.  Each module.

incorporates intemal bypass diodes connected across each solar cell, allowmg the
modules to produce power even when partially shaded. -

Triple-Junction Amorphous Silicon Alloy Technology ;

The heart of all UNI-POWER™ photovoltaic modules is the Triple Junction
amorphous silicon alloy solar cell. Each solar cell is composed of three
semiconductor junctions stacked on top of each other. The bottom cell absorbs the
red light; the middle cell absorbs the green llght and the top cell absorbs the blue

llght. This spectrum splitting. capability results in.the highest active area efficiency
(13.0% stable) for any commercially available thlr*-ﬁlm techno‘oqy

UNI-POWERN Solar Electric Modules are allUL Llsted
The US-64, US42, US-32, US-22, US-21, US-11, US-5 and US-3 are all UL listed.
All UNI-SOLAR, flexible marine photovoltaic modules .are also UL listed. The UL

listing ensures that each and every UNI-SOLAR; photovoltaic module delivered
performs consnstenﬂy, is safe and is durable.

DuPont Tefzelg Features and Durability

Tefzely is a field proven, flexible, lightweight, shatterproof, solar transparent, easy to
clean encapsulant. DuPont conducted a long-term-durability test of Tefzelg. A sheet
of Tefzelg was exposed outdoors for 15 years in'a semitropical climate. After this
exposure, the sheet of Tefzely was found to retain 98% of its original light
transmission, 93% of its original tensile strength and 85% of its original elongation.



UNI-S®LAR

UNITED SOLAR SYSTEMS CORP.

SALES OFFICE:
5278 kastgate Mall
San Diego. CA 92121-2814

Telephone: 619/625-2080
Fax: 619/625-2083
This exposure test underscored the superior UV stability of Tefzelg-800-397-2083

Springbomn Laboratories PHOTOCAP-TM EVA Solar Cell Encapsulant
PHOTOCAP™ EVA offers a 20-year service life, high light transmission, low
temperature flexibility with excellent adhesion to silicon and aluminun..: Accelerated-
fests conducted by Springbom Laboratories demonstrated that after 32 weeks of
exposure under a Xenon-Arc lamp at 100°C, 95% relative humidity PHOTOCAP™
EVA .encapsulated . with Tefzelg- displayed -a low yellowing index-(<5). Note;
yeliowing is visibie at an index of abcut 10: PHOTOCAP™ EVA encapsulated with a
dlass supersfrate under the same conditions displayed a. large ‘yellowing index
(72.0). Additional exposure tests were conducted at Phoenix, AZ under 5 suns.
These tests showed that PHOTOCAP™ EVA encapsulated with Tefzel, displayed

no vellowing index (0.0) and that encapsulated with a glass superstrate (under the
same conditions) displayed a large ye!lowing index (28.0).

The combination of PHOTOCAF™ . EVA with Tefzel, - results in a superior

encapsulant that is light weighi,. flexible, shatterproof, easy to clean solar
fransparent and offers a long service life (>20 years).

UNI-POWER Solar Electric Module Performance Evaluations .
Independent performance evaluaticns of UNI-SGLARg, UNI-POWER™ PV modules

have been conducted in Scoftsdale, AZ by Photocom, at the Natnonal Renewable
Energy Laboratory (NREL) in Goldén, CO. and in Puspxptek—Serpong,
L aboratorium Sumberdava Dan Energi.

'yerang by

Photocomm Test Results

e United Solar PV modules delivered 15% more power then their rated power right
out of the box. After 40 days of exposure to the sun they were found to stabilize

at or above their rated power with no-further reduction in power observed. -

United Solar PV modules have superior shadow folerance to that of crystallit.e

modules. Photocomm attributes-this result to the {act tk. it each .UNI—P_OWERTM

RV module has intemal bypass diodes across each solar ¢ell. )

ln a side by side test with a standard polycrystaline PV module of the same

power rating, the UNI-POWER™ US-64 delivered 30% more Amp Hours to a

flooded lead acid battery. :

‘The UNI-POWER™* US-64 operates-3-7°C cooler and hias a cumrent coefficient

fen times better than a standard polverystalline module.

Photocomm . concluded: “in addition to.the obvious benefits of unbreakable

construction, UNI-SOLAR, triple junction solar electic modules coffer enhanced
performance-over standard crystalline modules in-the areas of operation in shade
operation in high heat, and in every day baftery charging (amps in the battery).

® Page 2



UNIFSOLAR

UNITED SOLAR ‘SYSTEMS CORP. ——

5278 Eastgate Mall
San Diego. CA 92121-2814

Telephone: 619/625-2080

. ) Fax: 619/625-2083
NREL Test Results 1-800-397-2083

The National Renewable Energy Laboratory has been evaluating an United Solar
roofing module PV armay at iis Outdoor Test Facility in Golden, CO since July 1993.
The array employs 64 United Solar direct mount PV roofing modules (each rated at
22W at standard test conditions) driving a utility interactive inverter. These modules
are identical to the UPM-880 dual{unction PV module in structure and composition.
‘NREL Test Report STRO7USR.002 shows that the roofing amay conversion
efficiency has remained stable and has exhibited no degradation in power ‘output-
since installation. In another paper published by-NREL (B. Kioposki and R. Hansen;,"

IEEE’ PVSC 1997) the authors comment that the ‘long term data exhibits
degradation frends equal fo or better than crystalline™

The NREL Test Report STR97USR.002 also' shows that the PV array output an
average of 1240Wdc under prevailing conditions when nomalized to 1000W/m?
over the four-year test period. Considering the power output of 22W per module, 64
modules would deliver 1408W if there were no losses due to module mismatch,
soiling, temperature, spectral conditions and wire interconnects. The above results
show that the losses due 160 all.these factors are less than 12% over the four-year

test period. [t is also important to note that the losses were less than 7% during the .
hotter summer months. -

NREL has also been monitoring US-64 and US-32 PV modules since February
~ 1997. These modules are deployed outdoors and have had cumrent versus voltage
traces-taken via a SPIRE -240A solar-simulator upon iniial deploymerit (February,
1997) and most recently during August 1997." These modules have received 1010
KWh/m? of exposure from February through August. The US-64 initially output, at
STC, 82.29W (in February) and 70.72W in August of 1997. This shows *hat the US-
64 is currently operating 10% above its rated output of 64W even after 6 months of
exposure. The US-32 inifially output 41.32W (in February) and 35.12W in August of
1997. This shows that the US-32 is also curmrently operating 10% above its rated
output of 32W. These results show that United Solar triple junction PV modules
(after experiencing the typical initial lightinduced-degradation of approximately 15%])
are stable and are out performing their ratings.

Laboratorium Sumberdaya Dan Energi (LSDE) Test Results

LSDE conducted side-by-side tests of two home lighting kits. One kit employed a
44W (rated by Canon) trple junction amorphous silicon PV module and the
remaining kit employed a 50W (rated at STC by the manufacturer) polycrystalline PV
module. Note: The Canon triple junction PV module is manufactured-using an
identical process to that of the United Solar UNI-SOLARg PV modules. Data was
collected from May to September of 1996. After nomalizing each PV module's
performance to its manufacturer’s rated peak power at standard test conditions the

® Page3



44\ triple junction amorphous silicon PV module was shown to deliver at least 30%
more energy to the battery bank than that of the polycrystalline PV module.

Conclusion

United Solar PV modules are UL listed, field proven, unbreakable and have proven
performance advantages over standard crystalline modules in the areas of operation

in shade, operation in high heat, delivered energy per rated watt, and in every day
battery charging. ' :

e Page4
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T2 Films |
Photovoltaic Applications

High Performance Films

- P ER

Features & Benefits:
Solar Transparent

M Higher Efficiency
B Outstanding weathering ability
8 Runs Cool

Low Surface Energy
M Easy to clean
Thin & Flexible

W Confarms =asily to a varety of
surfaces.

® Morc design potential

Shatterproof
® Safer than glass

Light Weight
M Eastto handle
T? Films Typical Properties:

I+ nlms are essentially transparent tc
the enfire solar spectrum:

B More energy available for
coversion means highec effidency

. . ® No UV absorplion means crceller.
‘T* Films are uniaxially oriented fluoropolymer films that offer strength, excellent

: 1 i1 UV stability. Fluoropolymecs are
solar transparency and high temperature capability. For you, that means niore uamatched by any other plastic ir
cost effective solar applications. this property.
T? Films can be used as: Compared to glass, T* Films: N Transparency in the IR range
‘ . N allows the solar cell to run cooier.

E Substrate/encapsulant combina- B Are more transparent (higher maintining its efficiency over lor;

tions to simplify the manufacturing effidency). time periods.

process. : E Have a lower index of refraction
H Pressure sensitive tapes over glass {(higher efficiency).

Coars (s‘"afety, efficiency and cleaning W Are Totitarin weight.

H Are shatterproof.

M Are easier to clean.

B Are flexible. UUpUNT
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SOLAR CELL ENCAPSULANTS

SPRINGBORN L ABORATORIES. INC.
- Enfiald, Conned.lcut 08Q82-4839

EVA encapsulants were odginalty inventad by Springborn under an 11 year subcoitact with the Jet Propulsion
Laboratorles, enfitled “Developmert of Processes end Materials for Encapsulation of Photovoltaic Modules®.  Since Incaption,
Springhorn has continuausly manufactured EVA products for the PV communfly, Presertly under an NREL PVMat Phase 34
subconiract, Springbom Is further pursuing the “Advancad Development of PV.Encapstlanis®. Drawing from ks years of tachnical
expartis¢, Springbom cffers frae on and off-sis technical assistancs ta is PHOTOGAP™ customers at thelr raquest.

« DESCRIPTION: UV stabllized ethylena vimy1 acetate copolymer sheat with cmsslinhng agent and optionhal bullt-ln primer for
adheslon to glass, aluminum and sficon.

—

« APPLICATION: Encapsufation of photovotiale calis for solar module construction.

s GRADES: AB818 Standard foa rdicalcure
AZS13R Seff priming, siandard fres fadical cure
15285  Accelarated (fast) fres radical cure
15295P Salf priming, accalerufed (fasy) frea radical clre
Thase products cantain fia (FC's, nor ara they capable of CFC geheratinn,

- COLGORS: Npticalty clear. black, whia, ather custom plgmentafion available upen request
« TEXTURES: YVe hava a variaty of texiurs s avafable for one or both sides, please Inquire for further details,

« LAMINATES: = sScim EVAlaminated §0.005 inth (0.127 mm) Ccaneglas 230 noqwoven glass scrim
TPT:  EVAlaminated & Tedlar 1.5/Polyssler 3. WTedlar 1.5

« SERVICE LIFE: oOver 20 years based: on accalsrated weathering tests,.  Commercial modules construcled- witt,

- PHOTOCAP™ EVA travs. passed the tigorous JPL Block V, 1QT and ISPRA 503 quaﬁf aucn tests, For
optimum stabillty, a supastrate which screens UV <360.nm Is racommended.

< PRQPERTIES: High light transmission, tow haza, Sow-temperalure flaxibllity, excallent adhesion to glass, aluminum and
sllicon, easy to procass.

« SHELF LIFE: For bast resulfs, tss withlh sk months of receipf, protect from humidty and stomge tempesalures
_ exceeding 80°F (32°C).

« GAUGE: Standard: 0.018 Inch (0.46 mm); elso avallable from 0.010 - 0,035 in (0.25 - 0.84 mm)
« WIDTHS: Custom to 48 Inchas ( to 1220 mm)

« PACKAGING: Suppliad in 500 square foat (46.6 squere mater} rols, on 3 Inch (7.5 cm) diameter cores. All products e
interleaved with release paper and overwrappad with opaqua polyethyfane bags to ensura storage He, A%

‘overseas shipments or grades containing primer are additlonally wrappad with aluminum foil,” Oversized
rofls up to 30 inches (76.2 cm) diameter are ayaliabls upot faquest.

Founded In 1944, Springbom Laboratodes Inc. has aver 50 years of experianes In the polymer sclence fisld, focusing en resasih

&nd devalopment of sdvancad materials, and spaclafy- manufacturing. Our professional RDEE steff, inaluding sanler sclenlsts,
chemists and engineers, stands raady (o assist our.customers yith kssues related to the use of cur produets.

Sprmgbom Matenals Science Corp.

© Asudbsidiary of
Springbom Laboratoties, Inc. |

Phona (203) 748-8371

Fax No. (203) 7498234
October 1394
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Ihe solar cell, consisting of amorphous-silicon | 8 :
ona 5-mil thick stainless steel substrate, is Sy stems

encapsulated in TEFZEL® elastomer and other
weather-resistant polymers,

UNI-SOLAR roofing products are the key
components of a total solar electric gystem, $
The systemn integrates the solar electfic roofing
panel or shingle with the necessary domnbiner

SelarfpAPrshes
Vo

R Rooﬁng Prod ucts . boxes, inverter, and wiring to conver@t sunlight B
The resulting solar electric laminate is bonded into electric energy and distribute it directly : ~
to conventional roofing panels or fabricated into o the building. 3
roofing shingles. Three solar electric roofing !
products are available: The solar electric rocfing products are -
UNI-SOLAR configured in series or parallel on the rcct

Structural Standing deck to form an amay. The array is used

s Spede wien

Seam P§nels in combination with conventional s}
; roofing products. g
Solar Electric System t
B3 ( o 5
7 & 3 =3
L Qp& N i
s N
°$\,7 e ‘7!
iR
Invarter » % »
| ___ Home
. Elgc_tric L Lbads '

UNISOLAR iy Battery

Ar.chitectu(’él Standing \ (Optionai)

Seam Panels “ Bl i
UNI-SOLAR design services provide assistance in [
configuring these solar electric roofing [products }
to meet the specific -user needs. For mbre :
information, please call; $88-UNI-SOLAR.

: . 5

? UNI- i istered Trademark of Uni Ty

UNLSOLAR . ){\:{esncw)s{%% 'l;)a Registered Trademark of United Solar z i
S : L |

: ingles e “ TEFZEL is a Registered Trademark of DuPont (o, 2 I

Y
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A 2.0 ilgwalt DC grid-tennected systen operaiing al the
Swithface Energy & Environmental Resource Center in Alwnta,
Georgia. The grid-cooneeted system is configured af 48 valls DC
using G 4,000 watt inverler.

L\Mre Way \-cmgn
Shingle Section

| UN-S®LAR

B for Residential and Commercial Buildings

__ UNI-SOLAR shingles are unique and have be
i the prestiglous Popular Science Grand Award

B “Technological Innovation Award” for

PV Shingles

Indistinguishable at a Distance from Traditional Shingles

en honored with. § §
“Best of What's §1
New (Environmental Technology),” and Disover magazine’s £
best innovation (Envircnment). The new
PV shingle permits roofs of commercial
and residential buildings te evolve from
mere protection from the weather to a
source of electric power. The flexible, thin-
film solar cell shingle blends into a rosfing
pattern of traditional asphalt shingles,

nd and
ounding

» Appearance: The surface is textured to bl
complement the granular surface of the su
conventional shingles.

a Shingle Size: 86.4"x 12"
w Exposure: 5"(12 - 7 tabs per shingle).

|
?

i

= Electrical connections: Two, 12" long, 18-
wires exiting from underside of each shingl

gauge lead
8.

UNI-SOLAR PV Tripk Overiap )
Shin 8 &" Active —s F v Inslallation: Nailed in place using common roofing nails @
: L 4 on conventional roof decking over 30-Ib felt underlayment. §
e Bé-lb Che Applied in consecutive overlapping layers. '
Folt Lead wires on back side of the head-lap pass through the
\ ‘—‘swmﬁmg roof deck to allow wiring connections to be made in the
5 roof space.
: Pos.&h\ﬁu‘
L %srmfy & w Seal: Sun warms the sofar electric shingle providing 2
e Shingle Entarged bond that forms a weather-resistant roof cov#rmg,
= Wind Load: Independently tested up to
T ST §0.mph.
e e ’g_ fo  u Weight: 140 Ibs/sq.
[T e e e s e L } = Array: Size dependent on power demands.
l . - T See table below.
Shingle Pfan . -
: u Sysrem; Typical systems range from 1 kv
Specification & Performance ~ to4kw. -
Product Rated Voltage Current Yoltage Current Width Height Weight Exposed Energy
Power  (Vop) (lop) (Voc) (lsc) (in.) (in)  (lbs/re) - ?;t?;’ g;r ?f:y
h/ft)
SHR-17 17 8.6 20 12 2.5 86.4" 12 1.4 3 23-32
*—*——EBB-UHI-SULIB-




& A LS kW DC system was installed on g Nalional Association of Home

Suelders (NAHB) 215¢ Century Towrthouse in Maryland, The J8.panl

system is grid connected, It hay & 16-kWh battery backup.

Grounding

UnrseLAaRr.
Hrehifectiural Skapding Seam

For Residential and Commercia} Sojar Power Systems

UNI-SOLAR Architectural Metal p nels are building.
integrated photovoltaic panels, They are reliable,
attractive, and cost-effective des; optians for creating
sustainable and energy seff-suffici nt buildings.
Aesthetically-pleasing, solar archita tural roofing panels
are integrated into the roof follo ing the specifications

of conventional architectural standling seam panels.

T——i
F— Customer 5p
| Panel to 24

Panei Plan View: 18' 3"

’-— 9'7%" Length
|+
! [z

—rd

i

Termination —~
Paiel Plan view: v 71"

Batten Width

Y Cuztomer
—_—

Panel Section

7* Batten

4

Solar electric power is colfected through terminations
located on top of the panel under

tha ridge cap. No
.' deck penetrations are required. .

=« Standard Laminate Length: 11
solar length bonded to conventic
panel,

« Laminate Width: 15.5",

» Metal Panel: GALVALUME® Stee
unpainted.

x Pan Width: 16" (In sity width per batten size).
x Custorner Specified Panels: From 9' 7%" to 24",

= Electrical Connections: Standard-potted top
termination, hidden and protected by ridge cap
(see previous page).

= Roof Slope; Minimum 3:12 slop

2.15" or 216", active
nal flat metal roof

, painted or

144

= Installation: Per panet supplier’s
= Ideal Roof Orientatipn: Open s¢

= Wind Load: per pangl supplier’s s

Clip to Match
Batten Width

Batten Seam Detail

s , = System: Typical systems range frg
Specification & Performance

= Array: Size dependent

on power
table below.

Specification,
uthern exposure.
pecification,
demands. See

m 1 kW to 10 kw,

.Product Rated Voltage Current letage Cuirent Length Width Weight Area  Energy

. Power  (vop) (lop)  (Vog) (Isc)  (ft:in.) (in) ((bs/qft’) (ft*) Per Day

i (Wh/ft?)
ASR-60 60 16.5 3.6 23.8 4.5 9' 7%" 16" 2 2 20-30
ASR-64 64 16.5 39 23.8 4.8 9 7%" 16" 2 2 20-30
ASR-120 120 33 36 476 45 gy e 2 23 2030
ASR-128 128 33 3.9 47.6 4.8 18' 3" 16" 2 Z3 20-30

CGALVALUME is 3 Registered Trademark of Bethlehem Steal,
T — b § g . R




AT,

ONISOLAR Structural Stand;
electrical sermitnations ot the ballom of the penc,

ny

x4

Seam Metal Panels are designed with the

Grounding ——

- Dependable, Environmentally §

} I

ke el

Custorner §;
Parel to 24'

pecified

18' 3" Length

Panel Plan View: 18'3"

Junction Boa

T~ Junction Box

Termination Detall

#i/— Conduit and Wirng

Purir. or Decking
Per Manufacturer

Specification & Performance

Sitcfbral San

Unlimited Applications for Con

UNI-SOLAR Structural Metal Pan
appeal of a structural roofing pr
electric capabilities of PV. Desigs
installation, this solar panel is in
following the specifications of cJ

-

i Seam

merical Buildings;
e

els combine the
pduct with the <alar
bed for ease of
egrated into the roof
ynventional structural

standing seam panels, System design and installation

ara made based on user needs,

» Standard Laminate Length:
active solar laminate bonded t
metal roof panel.

» Laminate Width: 15.5",

112.15" or 216",
D conventional flat

« Metal Panel: GALVALUME® stesl, painted

or unpainted,
» Pan Width: 16" (In situ width

167,

= Customer Specified Panels: From 9' 714" to 24",

s Span and Allowabla Loads: Plr panel supplier’s

specifications.

u Electrical Connections: Standard-junction
box terminaticn; optional-potted bottom or

top termination,

r Roof Slope: Minimum 1:12 slgpe.

Installation: Per pancl supplierfs specification,
Idez] Roof Orientation: Open lsouthern exposure.
wind Load: - Per panel supplier’s specification.

v Array: Size dependent on power demands. See

table below,

= System; Typical systems range flom 4 kW to 20 kw.

e

B

8

Product Ratedq Voltage Current Voltag
Power  (Vop)  (lop) (Voo

55R-60 60 16.5 3.6 23.8

SSR-64 64 16.5 3.9 238

33R-1 éU 120 33 3.6 47.6
SSR-128 128 33 39 47.6

& - 0

GALVALUME s 3 Registered Trademark of Bethlehem Steel.

(Ise)
4.5
4.8

4.5

e Cuent Length Width Weight Afea Energy
(reing  (in,) (Ibsﬂt‘) ()  PerDay
' (Wh/ft)
9'7%" 16" 2 12 20-30
o 7" 16" 2 R 20-30
183 15 2 2" 2030
18' 3" 16" 2 28 20-30
*cde b O m—————

I
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