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ABSTRACT

This project is the presentation of the solar power supply. Energy form solar cell sent to be
charging at the battery and at the battery pack at sent energy use to working by it is circuit control
charging battery standby always. Now solar cell is application for the telecommunication system

and home use. These tasks are the use of project.
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I=1o( exp (qv/nKT)~1) (13)
In I=inJo+ qv/nkT (15)
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Y =1l
m = q/nKT
X =V;b=lnIo
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n = q/kT.AV/AmI (17)
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1. vunvestna IWtheazdlanees (Voe)

Voc fif1 = 10V

2. vunvesnszud Ivhvuzdanees (Isc)

Isc fid1 =021

3. vwinvesrt1as Inlfhgeqe (Pm)

Pm = V. Im
=8V.0182A
Pm = 1452 W
4. Fill Factor = Pm/Po
Pm = Vm.Im
Po = Voc.Isc

Fill Factor = 1452 W /2.1 W
= 0.69
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An Amoco Company ( Futlunsmgniiaum Solar Cell ) ¥nnldnu lnsfiswoziBoaves

o
UHand Nnede Tt

Electrical Characteristics
Module MSX - 64
Maximum Power (watts) 64.0
Open Circuit Voltage (Voc) 213

Short Circuit Current (Isc) (Amps) 4.0
Voltage at Load (Volts) 17.5
Current at Load (Amps) 3.66

Note: Rated Electrical Characteristics are within 10%0 of measured values at Standard Test

Conditions of 1000 W/m’,25°C cell temperature,and solar spectral irradiance per ASTM E 892.
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1. Wosard s sud1ede (Voltage Reference)
2. W35 vuioy (Comparator)

3. aandiaug (Switch control)

I

COMPARATOR

)

—  V/REF H

Sw

a o o d
jih’l 33ude ﬂTﬂﬂ'ﬂlﬂ‘iN‘Uﬂ\i’Nﬂ'S‘m‘i ALLLAIRDS

o 1 2esadeusaiudeBs (Voltage Reference)

209305 19u59AUB4 (Voltage Reference) Taeld IC 7805 Aiflusedunsd 5 Thag

awadinveswTingnia udsdosnsfiezeeniuuussfudreavessesiifiusigud 62
[} 3 [ [y [}

Tand Taofi Ic 7805 vhudlu Ic wiia 3 91 99#t 1 St input 1 2 Suen ground v1# 3 1§y

a ar Q’: a - ] 3 13 l&
1 output Taon@udada Ic useliussfungi 4.8 Taad udiioennlunsesnuuusides
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MIussiudenedt 62 Taod msrznstiufin 2 ves Ic 7805 FNUORILGUAINNITOBN
uuw'1Taon sy diode 1¥h 180 2 §2 Tnefl diode udazMavziisussguanadenludaves
Hussegii 0.7 Taad 2 Frezidrusesiudiudusn 14 Tadidntundedhduasesiiv 7 2
voe Ic 7805 TnefvmnInaves diode 9edons ground thuven luadeidifuen 2 ves Ic
7805 71 output Aofi 3 Aeziitussdus i 1doglusae 62 Taod Taslszann mstiuer Ic

7805 uag diode MADIINNIAIURN HoRdoIms e sdud s Wiiadesnmee

UV
INPUT ( 12V ) Ie a5 OUTPUT 62v
1 3
2
D2
D1

31 3.4 weserdausedudiaba (Voltage Reference)

a2 29955 vunlou (Comparator)

NIDONUULILT (Comparator) 1a81d IC op-amp woailon wildiwlunaraves
qunseiBidnInfind Tnoisreeld I op-amp wes 741 Tasmmiuowssiududandeas
¥ift 2 ves Ic op-amp 741 fi9Y1 inverting input MazuIMFUETAOI LN 3 veq I
op-amp 741A941 non inverting input §74 VR1 tag R3 92 lditedeenisii silSuganls oy
Wouuseiu Tnes19mssmussdunn uuawmes luvasfindady 29 msSuwe fevilsenoy
@70 R1, R3, VRI sio2ses udnuaeiifiuness Tandideilaned Taseeiiusedu o 9 A 92l

Tuff sufsufuuseiuseds #ldsenmnnniees adusudhes (Voltage Reference) #l
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w1 2 vee Ic op-amp 741002958 Ra dovgseniten 3 uasn 6 ves Ic op-amp

4 v
741etlosfunisesafiawmey

+12V +12y

! !
R1E

VR1

R3

311 3.5 299510/5 suifion (Comparator)
Y A; & a4 .
73N 3 AD WIIAMTAIVAY (Switch Control)

AIIBONILYNT Switch on-off Tneis1921d Power Transistor 0¥ TIP 33C iy
NIUTMABsFIA N type Power Transistor Inefinsudciany 2N2907 S driver Tng'ld
UM Bias ATZUAINUNAISW9THIU Diode ( IN4001 ) 2 Aansedl Q1 Tnoidios Output 91
29950/5 sy (Comparator) W WhANS Bias RY1 Base 89 Q1 %4 Q1 ﬁumzﬁmwﬁq
NITUAYINIATG Bias ﬁil‘l Base 493 Q2 ﬁﬁ‘mﬁ‘lﬁl‘ﬂu Power Transistor Switch ON 92Aan15
3o W lfunmne? wozezs Diode (D5) Bndaniteinsfunszua il nadounsy
18129958 nd90 Taomaviteuweeaeesi ozisiulylay Output ¥9429931U5 suifiow

(Comparator) 11194
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sn159Unsel Circuit Control

Rl =10K
R2 =10K
R3 =47K
R4 =470K
RS =47K
R6 =470K (5W)
VRI1=10K

D1,D2,D3,D4 = 1N4001
D5 =MBR 1035 (MOTOROLA )
LED =1/

033 pf sov

1000 pLf 35V

C1

]

C2

Ic 7805 =14
Ic7at =1én
Ql = 2N2907
Q = TiP33C

TMIQUATUDU

VoltMeter 2 @7
Amp Meter 22
Switch ( ON/OFF ) 3 @12
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Battery Charger

INPUT OUTPUT

© © © ©

OUTPUT INPUT

310 3.9 Juvuneuenyes Battery Charger
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Battery Pack

© ©

Load

© ©

INPUT

31 3.11 gUuuunBuBNYLY Battery Pack
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MINARBINGS ( Circuit Control )
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1.Bedroom lights , 2/.Living lights , 3.Outside lights , 4.Television , 5.Radio, 6.Sewing machine
, 7.Iron , 8.Vacuum cleaner , 9. Toaster , 10.Washing machine 11un384 18 W Warmaiuluvin
mfanasvesiideen i 9woniaiu Tnois19zgAuee Watts uae Hours Used 1h
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ITEM WATTS

Bedroom lights 120
Living lights 80
Outside lights 40
Television 100
Radio 50
Sewing machine 100
Iron 1000
Vacuum cleaner 600
Toaster 1000
Washing machine 600

39

HOURS
USED

.25
.25
.25
.25

Total

DAILY AV.
WATT HOURS

120

480

500
300
25

250
150
250
600

2715

AT NUETASA Typical Voltage , Typical Watts , Typical Hours Used mmqﬂnmﬁ%’am

wiiaae 9 aeluthu



IN THE HOME

Lights:

40 watt bulb
60 watt bulb
75 watt bulb
13 watt fluoro
20 watt fluoro

40 watt fluoro

Appliances:
Blender
Computer
Dryer”

Food Mixer
Freezer

Hair Dryer
Iron
Microwave
Power Tools
Radio
Refrigerator
Sewing Machine
Stereo
Television

Toaster

TYPICAL
VOLTAGE

240

240

240
12/240
12/240
12/240

240
240
240
240
240
240
240
240
240
12/240
12/240
240
240
12/240
240

40

TYPICAL
WATTS

60

75

13
20

200
50-100
1800-2400
200
300-500
300-500
1000-1200
800-1200

10-50
300
50-75
50-100
50-200
600-1200

TYPICAL
HOURS
USED

Per Day
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Washing Machine 240 500 (2000 start) 5
Vacuum Cleaner 240 50-1000 25
Video 240 50-100 2

o { =1
PNNANITMUIUNAIINVDIANUABIMI UM I Total = 2715 Fusdees

0
~

Joyanddglumsifenvinavesmasiondanni Tneldwdsnuumering ( Solar

{ H .7 (-] o { 1 o é \ y
Power Supply ) filvuaimangaunumds i isdeams 1 lundazSu Foludiud

] 1 4
U7 SOLAREX 18viims ety Package #19 o lusnafimunzaudems 1daugsil

Package 1
Average daily load up to 200 WH
1 MODULE SYSTEM - Al1 DC

Components:

1 x MSX60,60 watt solar module
1 x 1 module mounting frame kit
1 x SR8-12V regulator

2 x 100AH 12V solar batteries

Total Price: $
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Package 2
Average daily load up to 400 WH
2 MODULE SYSTEM - A11 DC

Components:

1 x MSX60,60 watt solar module
1 x 2 module mounting frame kit
1x SR8-12V regulator

1 x 340AH 12V solar battery

Total Price: §

Package 3
Average daily load up to 720 WH
4 MODULE SYSTEM — Al1 240V AC

Components:

4 x MSX60,60 watt solar module
~ 1 x4 module mounting frame kit
1x SC18-12V regulator

1 x 670AH 12V solar battery

1 x 1050VA-12V inverter

Total Price: $
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Package 4
Average daily load up to 1400 WH
8 MODULE SYSTEM - Al1 240V AC

Components:

8 x MSX60,60 watt solar module
2 x 4 module mounting frame kit
1 x SC18-12V regulator

2 x 670AH 12V solar battery

1 x 1500V A,24V inverter

Total Price: $

Package 5
Average daily load up to 2880 WH
16 MODULE SYSTEM — A1l 240V AC

Components:

16 x MSX60,60 watt solar module
2 x 8 module mounting frame kit

1 x SC30-24V regulator

2 x 1230AH 12V solar battery

1 x 1500VA,24V inverter

Total Price: $
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Vs MR aomslums‘lﬂﬂﬂﬂmma~1unw°lumuuﬁ'nma\§h’f"lﬂﬂ1
WNAY 1715 WH 312 uum«a"é’aqman Solar Power Supply 1u Package 5 Feozfuug
483 Solar Power Supply Rinsne t’m‘nqﬂlums'nmﬂzmmsmanm“lﬂiwmﬂmumnﬁqﬂ
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MOTOROLA

I SEMICONDUCTOR N

NPN
TIP33B*

—

PNP
TIP34B*

TECHNICAL DATA TIP33C TIP34C
*Motorola pnforrbd devices.
COMPLEMENTARY SILICON
HIGH-POWER TRANSISTORS . 10 AMPERE
COMPLEMENTARY SILICON
... forgeneral-purpose power amplifier and switching applications. POWER TRANSISTORS
100 VOLTS
® 10
A Collector Current 80 WATTS
® Low Leakage Current — ICEQ=0.7 mA @ 60 V
® Excellentdc Gain — hpe=40Typ @ 3.0 A
@ High Current Gain Bandwidth Product — hfg = 3.0 min @ Ig =
05A,f=1.0MHz
MAXIMUM RATINGS
TIP338 TIP33C
Rating Symbol TIP348 TIP34C Unlt
Collector-Emitter Voltage VCeo 8V 100V Vde
Collector-Base Voltage Ve 80V 100V Vdc
Emitter-Base Voltage Ves 5.0 Vde
Coltector Current —~ Conti ’ e 10 Adc )
Peak (1) 15 — C e
Base Current — Continuous [ 30 Ade «—B—s Q € "’l *
Total Power Dissipetion Po . ?<
@Tc = 25°C 80 Watts J + .
Derate above 25°C 064 wrc T l; N 1
Operating and Storage Junction TJ. Tsyy _ c
Temperature Range 8 65t0 +150 s L CI'B —
THERMAL CHARACTERISTICS A l LB T _1 ]
Characteristic Symbol Max Unlt -
Thermal Resistance, Junction to Case Rayc 1.56 Y
Junction-To-Free-Alr Thermal Resistance Roga 35.7 oW ! -
(1) Pulse Test: Pulse Width = 10 ms, Duty Cycle % 10%.
re—D J
V— ft— 9 H e
— G
FIGURE 1 — DC CURRENT GAIN
500 1 MI?YEI;:JEWING AND TOLERANCING PER ANSI
T Y145, 1962
T 2 CONTROLUNG OMENSON MLUMETER. 1 .
200 Vee=40V W1, BASE
E b —}— Ty=25°C : g#goﬂ
E 100 —— =T 4 COWECTOR
8 50 R
g |} ——nen )
o —— N
Fo eid 3,
-410
5.0
0.1 1.0 10
Ic, COLLECTOR CURRENT (A) CASE340D-01
TO-218AC




ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otharwise noted)

ﬁ . Characteristic

I Symbol [ Min [ Max Unit l

OFF CHARACTERISTICS

C -Emitter Sustaining Voltage (1)

(ic = 30mA lg = 0) TIP338, TIP348 80 -
TIP33C, TIP34C 100 —

VCEO(sus) Vvde

Collector-Emitter Cutoff Current

{Vcg = 60V, 1g = 0) TIP33B, TIP33C, TIP348, TIP34C

ICEO -— 0.7 mA

Collector-Emittar Cutoff Current
{Vce = Rated Veeo, VES = 0)

Ices - 04 mA

Emitter-Base Cutoff Current
Veg = 50V.lc = 0}

IERO —_— 1.0 mA

ON CHARACTERISTICS (1)

DC Current Gain
ic = L.OA VCg = 40V)
ic = 30A Veg = 40V)

hre —

Collectar-Ermittar S on Voltage
{ic = 3.0A, 13 = 0.3A)
{ic = 10A,ig = 25A)

VCE(sat} w0 Vde
— 4.0

Base-Emitter On Voltage
{ic = 3.0A, Vcg = 4.0V)
{ic = 10A,Vce = 40V)

VBE(on) Vde

DYNAMIC CHARACTERISTICS

Small-Signat Current Gain
{lc=05A Vcg = 10V, = 1,0kHz)

hie 20 — -

Current-Gain — Bandwidth Product
Ic = 0.5A, Vcg = 10V, = 1.0 MHz)

fr 30 — MHz

(1) Pulse Tost: Pulse Width = 300 us, Duty Cycle < 2.0%.

FIGURE 2 —- MAXIMUM RATED FORWARD BIAS
SAFE OPERATING AREA

=15 3 -~ 300 ps| 11

E 18 10 mipsbry
50 e o

530: Secondary Braskdown Limit —— de 1< ~

S 7.0} —-— Bonding Wire Limit 10 ms ]

B = =--Thermal Limit AN )

= 10 =tt—t =

8 Tt Tg=25C

2, 05—+ {iP3as

= TP34a ]
0.2 TIP33C S
0.3 TIP34C -

19 20 30 50 70 10 0 30 50 70 100
Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

FORWARD BIAS

The Forward Bias Safe Operating Area represents
the voltage and current conditions these devices can
withstand during forward bias. The data isbased on T =
25°C; Ty(pk) is variable depending on power level. Second
breakdown pulse limits are valid for duty cycles to 10%,
and must be derated thermally for Tc > 25°C.

FIGURE 3 — MAXIMUM RATED REVERSE BIAS
SAFE OPERATING AREA

u 1
1 = 200 uH
= Ic/ig» 5.0
% 15 VBE(oH) = Ota50V 4
2 Tg = 100°C
H SSe.
= \
a0
[
[=] p—
*]
3 Tp33s | 1e3sc
8 50 TP34s "] TIP34C
o
0 e .
8 20 a0 60 80 100

Ve COLLECTOR EMITTER VOLTAGE (VOUIS)

REVERSE BIAS

The Reverse Bias Safe Operating Area represents
the voltage and currentconditions these devicescanwith:
stand during reverse biased turn-off. Thisrating isverifed
under clamped conditions so the device is never subjected
to an avalanche mode.
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MOTOROLA

I SEMICONDUCTOR NS

TECHNICAL DATA

MBR1035
MBR1045

MBR1045is a
Motorola Preterred Device

@ Guardring for Stress Protection

® Low Forward Voltage

® Guaranteed Reverse Avalanche

@ Epoxy Meets UL94, VO at 1/8"

SWITCHMODE POWER RECTIFIERS

® 150°C Operating Junction Temperature

... using the Schottky Barrier principle with a platinum barrier metal.
These state-of-the-art devices have the following features:

SCHOTTKY BARRIER
RECTIFIERS

10 AMPERES
20 to 45 VOLTS

CASE 221B-02
TO-220AC
PLASTIC
MAXIMUM RATINGS
Rating Symbotl MB8R1035 MBR1045 Unit
Peak Repetitive Reverse Voitage VRAM
Working Peak Reverse Voltage VAWM 35 45 Volts
OC Blocking Voltage VR
Average Rectified Forward Current (Rated VR) IFAV) 10 10 Amps
Tc = 135°C
Peak Repaetitive Forward Current IFRM 20 20 Amps
(Rated VR. Square Wave, 20 kHz) Tc = 135°C
Nonrepetitive Peak Surge Current IFsm 150 150 Amps
{Surge applied at rated load conditions halfwave,
single phase, 60 Hz)
Peak Repetitive Reverse Surge Current IARRM 1.0 1.0 Amps
{2.0 us, 1.0 kHz) See Figure 12
Operating Junction Temperature Ty -6510+ 150 -651t0+ 150 °C
Storage Temperature Tsig -6510+175 ~6510+175 °C
Voltage Rate of Change {Rated VR) dv/dt 1000 1000 V/us
YHERMAL CHARACTERISTICS
Characteristic Symbol MB8R1035 MBR1045 Unit
Maxi Thermal R Junction to Case Rguc 20 20 °c/wW
ELECTRICAL CHARACTERISTICS .
Characteristic Symbol MBR1035 MBR1045 Unit
Maximum Instantaneous Forward Voltage {1} VF Volits
(if=10A, Tc= 125°C) 057 0.57
{ir=20 A, Tc = 125°C) 0.72 0.72
{iF= 20 A, T¢ = 25°C) 0.84 0.84
Maximum Instanteneous Reverse Current (1) in mA
(Rated dc Voltage, Tg = 125°C) 15 15
{Rated dc Voltage, Tc = 25°C) 0.1 d.

(1) Pulse Test: Pulse Width & 300 us. Duty Cycle € 2.0%
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(S}, TRANSIENT THERMAL RESISTANCE (NORMALIZED)

IF{Av} AVERAGE FDRWARD CURRENT {AMPS)

PE(Av). AVERAGE FORWARD POWER OISSIPATION [WATTS)

FIGURE 6 — CURRENT DERATING, INFINITE HEATSINK

FIGURE 6 — CURRENT DERATING, Rgya = 16° C/W
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FIGURE 9 — THRERMAL RESPONSE
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HIGH FREQUENCY OPERATION

Since current flowin a Schottky rectifier is the result of majority
carrier conduction, itis not subject to junction diode forward and
reverse recovery transients due to minority carrier injection and
stored charge. Satisfactory circuit analysis work may be per-
formed by using a mode! consisting of an ideal diode in parallel
with a variable capacitance. (See Figure 10.)

Rectification efficiency measurements show that operation will
be satisfactory up to several-megahertz. For example, relative
waveform rectification efficiency is approximately 70 per cent at
2.0 MHz, e.g., the ratio of dc power to RMS power in the load is
0.28 at this frequency, whereas perfect rectification would yield
0.406 for sine wave inputs. However, in contrast to ordinary
junction diodes, the loss in waveform efficieny is not indicative of
power loss; itis simply a result of reverse current flow through the
diode capacitance, which lowers the dc output voltage.

C. CAPACITANCE [pF)}

FIGURE 10 — CAPACITANCE

1500
HHH
1000
NN
700 Sy T
500 - IS
N
Typical \i\
300 NI
N
N
200 s N
A

50
Q05 6t 02 05 10 20 50 10 20 50
VR, REVERSE VOLTAGE (VOLTS)

FIGURE 11 — SCHOTTKY RECTIFIER

Anode

Schottky Chip (See View A-A)

Aluminum Wire

. UL Rated Epoxy
Copper

Cathode

Solder Dipped
Copper Leads

Schottky Chip — View A-A

Aluminum Contact Metal
Platinum Barrier Metal | Oxide

Passivation
~ W—l
A
Guardring

Motorola builds quality and reliability into its Schottky
Rectifiers.

First is the chip, which has an interface metal between the
barrier metal and aluminum-contact metal to eliminate any
possible interaction between the two. The indicated guardring
prevents dv/dt problems, so snubbers are not mandatory. The
guardring alsooperates like a zener to absorb over-voltage
transients.

Second is the package. The Schottky chip is bonded to the
copper heat sink using a specially formulated solder. This gives
the unit the capability of passing 10,000 operating thermal-
fatigue cycles having a AT of 100°C. The epoxy molding
compound is rated per UL 94, VO @ 1/8". Wire bonds are 100%
tested in assembiy as they are made. .

Third is the electrical testing, which includes 100% dv/dt at
1600 V/us and reverse avalanche as part of device
characterization.

FIGURE 12 — TEST CIRCUIT FOR dv/dt AND
REVERSE SURGE CURRENT

Vee

—.' l‘—Z.OuS

1.0kHz

Current

Amplitude

Adjust

0-10 Amps

12Vvde

2N2222

100
Carbon

+ 150 V. 10 mAdc
2.0k

2N6277

1.0 Carbon

1NS817
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Information Sheet

Warnings and

Precautions
\

General Information

This instruction sheet provides
information about Solarex Mega™
photovoltaic modules with outputs
above 38 watts,

Before installing, wiring or
using a module, it is important to
read and understand the instruc-
tions in'this information sheet.
[nstallers should be familiar with

' the basic principles of electricity

y

]

and electric appliances.

Electl:ic Shocks and
Burn Hazard

Photovoltaic modules generate
direct current (DC) when exposed
to sunlight or other sources of
light. Even though single modules
produce low voltage and current,
shocks and burns can still result
from contact with module output
wiring. These hazards are
increaséd when multiple modules
are connected together to provide
higher system voltage or current
levels.

PV modules do not bave to be
“connected” (i.e., powering a load)
to generate electricity. Since mod-
ules produce electricity whenever
light is present, the module front
surfaces should be completely cov-
ered by an opague cloth or other
materigl before electrical connec-
tions to the modules or other sys-
tem components are bandled.

Storége Batteries

When using a storage battery with
photovoltaic modules, battery
manufacturer’s safety recommen-
dations should be followed.

Local Codes

3
In somé areas, local codes govern
the installation and use of photo-
voltaic modules. In particular,
these codes may specify require-
ments for module installation on
rooftops, exterior walls, boats or
motor vehicles.

National Electrical Code
(NEC) for U.S.A.

The United States NEC addreésses
the installation of photovoltaic
devices and should be consulted for
recornmendations, especially when
installing multiple module systems.

General Handling and
Use

» Even though the module is
rugged, handle it with care.
Impact on the front or rear
surface can damage the module.

¢ Do not bend the module.

¢ Do not attempt to disassemble the
module.

« Do not concentrate light on the
module in an attempt to
increase its power output.

* When working with modules, use
properly insulated tools and
wear rubber gloves.

Preventive Maintenance

Inspect the module twice a year for
overall integrity. Make certain that
connections to the load and/ or bat-
tery are tight and free of corrosion.

Cleéning

Dirt accumulation on the module’s
front surface can reduce the light
energy collected by the module,
decreasing its power output.

If the module surface is dirty,
gently clean it with a soft cloth or
sponge using water and a mild
detergent. Do not use a scrub brush;
it may damage the module front sur-
face. Wear rubber gloves to protect
against possible electric shock.

Disclaimer of Liability

Since the conditions or methods of
installation, operation, use and
maintenance of PV modules are
beyond its control, Solarex Corpora-
tion does not assume responsibility
and expressly disclaims liability of
loss, damage, or expense arising out
of or in any way connected with
such installation, operation, use, or
maintenance.

Underwriters
Laboratories
R
Listing Information

To satisfy the conditions of the UL
Listing when these modules are
installed in a system, be sure to:

Protect module and array
interconnections wiring. Wiring
should either be placed in a
conduit that is sunlight resistant
and conforms to Article 351 of
the NEC, or the wiring should be
stranded copper single conductor
type UF cable rated sunlight
resistant.

Mount members using the
standoff or rack methods when
installing on a building. The
module listing does not cover
modules mounted integral with
the roof or wall of the building
and does not cover marine or
vehicle application, where
additional requirements may

apply.

Electrical Characteristics

The modules described in the
Electrical Characteristics Table (see.
page 2) are listed by and have
obtained a Class C Fire Rating from
Underwriters Laboratories.

Application

Information

Solarex Mega Modules produce DC

electricity. They may be used in sin-
gle-module and multiple-module
systems to meet the current or volt-
age requirements of a great range of
applications.

Mechanical/Electrical
Specifications

See the appropriate data sheet for
general mechanical and electrical
characteristics of the module.
Specific electrical characteristics of
each module are listed on its label.

Under normal conditions, a

photovoltaic module may experi-
ence conditions that produce more



Information Sheet

Electrical Characteristics payimum Opeh Ciréuit Short Circuit Voltage Current
, Power Voltage Current at Load at Load
+ Module (watts) (Voc) (Isc) (Amps) (Volts) (Amps)
1]

MSX - 64 64.0 213 4.0 17.5 3.66
; MSX - 60 60.0 21.1 3.8 17.1 3.50
MSX - 56 56.0 20.8 3.6 16.8 3.35
MSX - 53 53.0 20.6 3.4 '16.7 3.20
MSX - 50 50.0 21.1 3.17 17.1 2.92
MSX - 48 48.0 20.5 3.20 16.5 2.95
MSX - 40 40.0 211 2.53 17.1 2.34

Note: Rated Electrical Characteristics are within 10% of measured values at Standard Test Conditions of
1000 W/m2, 25°C cell temperature, and solar spectral irradiance per ASTM E 892.

current and/or voltage than
reported at Standard Test Condi-
tions. Accordingly, the values of
Isc and Vo marked on UL listed
modules should be multiplied by a
factor of 1.25 when determining
component voltage ratings, con-
ductor capacities, fuse sizes and
size of controls connected to the
module output. Refer to Section
690-8 of the National Electric Code
for an additional multiplying factor
of 1.25 which may be applicable.

Installation

Mounting Dimensions

As shown in the drawings below,
MSX-50 through MSX-120 modules

A broad range of pre-engineered

mation on these

have eight mounting holes in the
back flange of their frames. Mount
the module using fasteners through
at least four of these holes, selecting
holes which provide appropriate fas-
tener spacing. For greatest strength,
use the four middle holes (on 24-
inch centers.)

MSX-40 modules have six mount-
ing holes. Use the two center holes
for mounting the MSX-40 to a pole.

Mounting Hardware

mounting kits and hardware for
these modules is available from
Solarex. Contact your Solarex Dis-
tributor or Representative for infor-

kits, which facilitate mounting mod-
ules vertically, horizontally, and in
multiple-module arrays.

Orientation

When installing photovoltaic
modules, be aware that they gener-
ate maximum power when facing
the sun directly. The fixed position
which approximates this ideal over
the course of the year, thus maxi-
mizing annual energy production, is
facing due South (in the Northern
Hemisphere) or due North (in the
Southern Hemisphere) at the angle
listed in the table on page 3. Note
that these orientations are true, not
magnetic North and South.

DI‘M. DIN. D%M. Dxt;q. OIM,
e | | T | ek | B | — s et 1_
wox-s0 | 379 | elh | ki | BB | — . | J
wsx-a0 | Sld | — | oy | 8% 8% R r
.. N\ T il [ L e
e e |
# 1’/ ) /
rynee -7 V4 *n
i g A e 'Y
'/ %ﬂ& ’:/ , @ nesy /"' ] | .
T
et /,ﬁvw-
| | |
AT iy
e b —— I\ "0 Ly PH?J—/ L, ; W o
i B orve vrew N2a SICE_VIEW At SICE_VIEY
fwasd wiRHT TR .
MSX-40 through MSX-64 MSX-50CP MSX-120

Dimensions given in Inches and Millimeters
(Millimeters shown in parenthesis)
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SIMPLIFIED MODULE SCHEMATIC

Drawing A

Tilt Angle

- The table below shows the
fixed angle above horizontal
at which modules should be
installed in order to maxi-
mize annual energy output.
At some installations, it may
be cost-effective to adjust the
tilt seasonally. At most lati-
tudes, performance can be
improved during the summer
by using an angle flatter than
the chart's recommendation;
conversely, a steeper angle
can improve winter perfor-
mance!

If modules are not cleaned
regularly, it is recommerided
that they not be mounted at an
angle flatter than 15°. Flatter angles
cannot take full advantage of the
cleansing action of rainfall.

Latitude

of site Tilt Angle
0-4° 10°
5-20° Add 5° to Local Latitude
21-45° Add 10° to Local Latitude
45-65:‘ Add 15° to Local Latitude
65-75° 80°

Example: A module mounted in
Miami, Florida (latitude 26°) should
be tilted at approximately 36° from
horizontal, and should be faced due
south. .. @

Shading

Locate ‘modules so they are as free
as possible from shading during all
seasons, particularly during the mid-
dle (the most energy-productive)
part of the day.

Page 3
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55432 1

TERMINAL STRIP NUMBERING
Drawing C

Module Wiring

With the exception of the MSX-50CP,
Solarex modules are shipped from
the factory wired for 12-volt opera-
tion, with their internal 6-volt cell
strings wired in series, as shown
above in Drawing A. They may be
rewired for six-volt operation in the
field as shown above in Drawing B.
Drawing C, shown above, illustrates
wire color coding and the internal

_ connection of cell strings to the
junction box terminals.

Wiring details of the MSX-50CP
are presented in a separate instruc-
tion sheet.

Connecting Modules in
Series or-Parallel
Drawings D and E (see page 4)
illustrate the junction box connec-

tions for wiring 12V modules in
series and in parallel .

SIMPLIFIED MODULE SCHEMATIC

Drawing B

Blocking Diodes and
Charge Regulation

Depending upon its use, an
MSX module may require a
blocking diode, which pre-
vents battery discharge during
periods of darkness, or a bat-
tery charge regulator, which
prevents storage batteries
from being overcharged and
possibly being damaged or
destroyed.

For applications requiring
charge regulation, Solarex
recommends its Solarstate™
Control, which includes a
blocking diode. This regulator

is efficient, inexpensive, and easy to
install.

The matrix below provides gen-
eral guidelines for choosing either a
blocking diode or regulator.

Is module connected at night?
Does daily ‘es No
current into
battery Yes | Solarstate Solarstate
exceed daily -
current Blocking No Regulation
drawn from | No 1 piage Required
battery?

Mdltiple Module Arrays

Where two or more MSX modules
are connected in series, bypass
diodes should be installed in parallel
across every 18 cells (2 diodes per
module). This protects the array from
damage due to partial array shading.
Partial shading of the array can cause
power loss and localized overheat-
ing. The diodes are available as an
optional accessory on all large MSX
modules.
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Drawing D (Series)

Note: Modules connected in series
must have the same power rating.
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Drawing E (Parallel)
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If multiple modules or series
*trings of' modules are connected in
varallel, each string should include
_blocking diode in series with the
#odules. This prevents shaded par-

LdnC &
SR SRR —

e ———

allel strings from absorbing current
from illuminated parallel strings,
which could reduce the ‘array output
and possibly damage the shaded
module. Blockirg diodes are also
available as an optional accessory.

Limited

Warranty

Limited Warranty - One Year

Solarex warrants the MSX-40
through 120 modules to be free
from defects in materials and work-
manship under normal applications,
use and service conditions for
twelve (12) months from the date of
sale to the original consumer pur-
chaser. If the module becomes inop-
erable due to a defect in material or
workmanship during the twelve (12)
month period of this warranty,
Solarex will, at its option, either
repair or replace the product, or if it
is unable to repair or replace the
product, refund the purchase price.

This warranty shall apply only while
the original consumer purchaser
owns the product.

Limited Ten-Year Warranty on
Power Output

For ten (10) years from the sale of
the product to the original consumer
purchaser, Solarex will replace the
lost power of any modules that fail
to produce at least ninety percent
(90%) of the minimum power output
specified by Solarex at the time of
delivery. Power output shall be mea-
sured by Solarex using standard
Solarex test conditions. Solarex will
replace such lost power, up to the
minimum output originally specified,
either by providing the purchaser
with additional modules to.make up
the total wattage lost, or by repair-
ing or replacing the module, at
Solarex’s option. This warranty shall
only apply while the original con-
sumer purchaser owns the product.

What This Warranty Does Not
Cover

This warranty does not apply to any
of the above modules which has
been subject to misuse, neglect or
accident, or which has been dam-
aged through abuse, alteration,

improper installatina or applicatiol,
or negligence in use, storage, trans-

portation or handling, or which has
been repaired by anyone other than

-Solarex or an authorized Solarex ser-

vice representative. This warranty
does not cover any transportation
costs for the return of the module or
cost associated with installation,
removal, or reinstallation of the MSX
module.

Warranty Limitations

THERE IS NO OTHER EXPRESSED
WARRANTY ON THESE PRODUCTS.
SOLAREX IS NOT RESPONSIBLE
FOR ANY INCIDENTAL OR CONSE-
QUENTIAL DAMAGES ARISING
FROM THE USE OR LOSS OF USE
OF THE PRODUCT.

ANY WARRANTIES IMPLIED BY
LAW, INCLUDING THOSE OF MER-
CHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE, ARE LIM-
ITED IN DURATION TO THE TERM
OF THIS WARRANTY. :

Solarex’s maximum liability under
any warranty, expressed, implied, or
statutory, is limited to the purchase
price of the product. The pur-
chaser’s exclusive remedy shall be
only as stated herein.

SOME JURISDICTIONS DO NOT
ALLOW LIMITATIONS ON HOW
LONG AN IMPLIED WARRANTY
LASTS OR THE EXCLUSION OR
LIMITATIONS OF INCIDENTAL OR
CONSEQUENTIAL DAMAGES, SO
THE ABOVE LIMITATIONS OR
EXCLUSIONS MAY NOT APPLY TO
YOU.
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Jbtaining Warranty Performance

f you feel you have a claim under
his warranty, contact the vendor
vho sold ypu the product, any
wthorized Solarex service represen-
ative, or Solarex at the address set
*orth below. You will be advised
vhat you need to do to obtain war-
anty service.

* 'ou should read and follow the
nstallation instructions supplied
tvith the MSX module. If you need
o contact Solarex, please write us at
ne followipg address:

HIS WARRANTY GIVES YOU SPECIFIC
EGAL RIGHTS, AND YOU MAY ALSO
[AVE OTHER RIGHTS WHICH VARY
ROM STATE TO STATE.

b

3



- finl

X-60, MSX-56, & MSX-53- - . sotaRD
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[EGA™ SX-60, -56, and -53 are the most pow-  parallel combinations as required to meet current
f Solarex’s MEGA series of photovoltaic (so- ~ and voltage requirements. As single-module arrays,
ctric) modules, a product line which is the cul-  they may be mounted on a variety of surfaces using
on of 10 years of extensive research in semi- an optional bracket kit or by means of user-
line silicon photovoltaics. With over 3 amperes  fabricated support hardware. Solarex also offers
ent at peak power, these are the highést-current ~ hardware for supporting multiple-module arrays.
ercial PV modules in the world, and generate  These modules are well-suited for virtually all ap-
rrent at a voltage high enough o charge batter-  plications where photovoltaics are a feasible energy
ciently in virtually any climate. source, including telecommunications systems,

- . pumping and irrigation, cathodic protection, remote
villages and clinics, aids to navigation—in short, all
but the smallest of photovoltaic systems.

‘HIGH CURRENT, POWER AND VOLTAGE

_The MEGA SX-60, -56, and -53 boast the highest:*. _
peak-power current outputs—3.5A, 3.35A, and
3.2A respectively—of any commercial modules.
They deliver that current at a voltage high enough
to charge batteries efficiently, and retain that volt-
age excellently in hot climates, as shown by the
temperature coefficients and I-V curves in [hlS pub-
lication.

+ Fabricated from large-area (11.4 cm x 11.4 cm)
antireflective-coated semicrystalline silicon solar
cells;

WHMDA RIS

e
P

» Higher current means fewer modules required for
given output, less balance-of-system cost.

INDIVIDUALLY TESTED, LABELED AND
WARRANTEED

It is inherent in all photovoltaic manufacturing pro-
cesses that the electrical characteristics of finished
modules vary slightly from one unit to another. The
electrical characteristics listed in this sheet are
those of typical, or production-average, units.

. Bowever, unlike any other manufacturer, Solarex
tests each finished module in a solar simulator and
labels it with.its actual output——peak power, and
voltage and current at peak power-f—at STC. In ad-
dition to providing a user with exact specifications,
this allows Solarex to enforce tighter tolerances on
the power output of its modules “than any other PV
manufacturer, AN

¥ A

e
&
)

2z gl p s A

AR SO

"’IV“*WA“A\:I“"‘
Jot

]

Furthermore, each module is covered by our indus-
try-leading ten-year limited warranty, which guar-

* antees: . .
modules may be used in single-module arrays  « that no module will generate less than its
oyed in multiple-module arrays, wired in series/ guaranteed minimum power when purchased;

7



continued power (at least 90% of guaranteed mini-
mum) for ten years.

ontact Solarex Marketing Department for full terms
1d limitations of this unparalleled warranty.

UAL VOLTAGE CAPABILITY

hese modules consist of 36 semicrystalline- silicon
slar célls electrically configured as two series strings,
{18 cells each. ’ ‘
Strings may be placed in series or in parallel in the
field,\ providing 6V or 12V nominal output, by
moving leads in the junction box.

Allows simple installation of blocking or bypass
diodks on 18-cell strings. '

ARGE, EASY-TO-USE JUNCTION BOX

‘ell strings terminate in a weatherproof junction box
1ounted on the back of the module.

Junction box materials: impact-resistant, high-
dielectric strength molded thermoplastic resin. -

Large enough for easy connection and manipula-
tion of wiring and diodes, Solarex’s Solarstate™
regulator can also be directly attached.

Terminals accept a wide range of connectors or
bare wires. T

Cover screws are captive, not easily lost.

'ROYEN MATERIALS AND.CONSTRUCTION

'he materials used in these modules reflect Solarex’s
xtensive experience with hundreds of thousands of
>lar modules and systems installed in virtually every

limaf& o Earth. Founded in 1973, Solarex is the pio-

eer in terrestrial photovoltaic systems and the use of
smicrystalline silicon for solar cells, and has invested
1€ resources necessary to prove its materials, process-
s, and products.

Semicrystalline silicon solar cells: efficient, attrac-
tive, stable.

Patented titanium dioxide cell’ AR (antireflective)
coating for optimum optical coupling and maxi-
mum efficiency at all levels.

Modules are rugged and weatherproof; cell strings
are laminated between sheets of ethylene vinyl ac-
etate (EYA) and tempered glass.

Tempered glass superstrate: self-cleaning, highly
transmissive (low iron content), inert, impact-
resistant.

. Proven cell interconnection technique and
matched thermal coefficient of expansion of
glass and cells ensure electrical integrity in se-
vere temperature ranges.

« Framed with corrosion-resistant, bronze-
anodized extruded .aluminum: strong, attractive

framing compatible with Solarex mounting hard- .

ware and a broad range of other mounting struc-
tures.

SAFETY APPROVED

These modules have been ap-
proved by Factory Mutual Re-.
search for application in NEC
Class* 1, Division-2, Group D
hazardous locations.

“OPTIONS
« Protective aluminum backplate
+ Mounting hardware kits

APPROVED

« Solarstate™ voltage regulator
« Marine-climate (NEMA 4X) junction box

RELIABILITY AND ENVIRONMENTAL
SPECIFICATIONS

These modules are subjected to intense quality con-
trol during manufacture and to rigorous testing be-
fore shipment. They meetlor exceed JPL Block V
test criteria, including the following tests, with no
performance degradation:

« Repetitive cycling between -40°C and 90°C;

« Repetitive cycling between -40°C and 85°C at
85% relative humidity;

« Wind lpahing exceeding 125 mph;

+ Surface withstands impact on one-inch hail at

—“termhinal velocity (52 maph) without breakage.

VARIABLES AFFECTING PERFORMANCE

The performance of typical MEGA SX-60; -56, and
-53 modules is described by the I-V curves and elec-
trical characteristics table on the next page. Each
module’s actual, tested output characteristics are
printed on its label.  ~

The current and power output of photovoltaic mod-
ules are approximately proportional to illumination
intensity. At a given intensity, a module’s output
current and operating voltage are determined, by the
characteristics of the load. If that load is a battery,

* the battery’s internal impedance will dictate the

module’s operating voltage. An I-V curve is simply
all of a module’s possible operating points (voltage/
current combinations) at a given cell temperature

and light intensity. Increases in cell temperature in- .

crease current but decrease voltage.

——



TYPICAL ELECTRICAL CHARACTERISTICS® ™

“12 VOLT CONFIGURATION®

. MSX-53 MSX-56 , MSX-60
" Typical peak power(Pp) 5IW S6W 60W
Voltage @ peak power (Vpp) 16.7V 16.8V 171V
Current @ peak power (Ipp) J2A 3.35A 3.5A
Guaranieed: minimum peak power 50w 54w 58W
Shoct-circuit current(Isc) : 34A - 3.6A 3.8A
Open-circuit voltage (Voc) = 206V 208V 211V
 Temperature coefficient of - ;
open-circuit voltage V 3mvVC B3mVC 13mViC
Temperature coefficient of . |
k short-cireyit current 36mAC 33mAC - ImAC
Approximate effect of ; \
temperatifre on power 038%°C  038%C  038%°C
NOCT() 45C 45%C 45C
Notes:
(1) These data represeit the performance of typical modules as measured at

)

(3)

their output terminals, and do not include the effect of such additional
equipment as diodes and cabling. The data are based on measurements
mada at Standard Test Conditions (STC) which are:

« Tllumination of 1 kW/m2 (1 sun) at spectral distribution of AM 1.3

+ Cell temperature of 25° C or as otherwise specified (on curves).
Electrical characteristics of modules wired in the nominal 6V
configuration may be found by using the 6V scales on the I-V curves.
For more exact values, divide the 12V voltage characteristics in the table
by 2 and multiply the 12V current characteristics by 2. Power values are
unchanged. .
Under nearly all climatic conditions. thie solar cells in an operating
module are hotter than the ambient temperature, a fact which must be
considered when reading module data. NOCT (Nominal Operating Cell
Teriperature) is an indication of this temperature rise, and is the cell
temperature under Standard Operating Conditions: ambient temperature

of 20°C, solar irradiation of 0.8 kW/m?, and average wind speed of

1 m/s.
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' ECHANICAL CHARACTERISTICS

EGA SX 60, <56, and -53 are mechanically identical, ~Weight: 15.9 pounds (7.2 kg)

*fering only in electrical output ¢ Dimensions: Dimensions in brackets are in
millimeters
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QERihical characteristics

Capacity in Ah at 20°C Length ¥idth Height Weight Internal Terminals
TYPE Voltage [, h r ty 10hto1,8v in n?m x, mm in rgm inKg resistanceinmQ! per polarity
PE 0601.2 6 1.2 1 97.3 25.5 55 0.28 100 FASTON 4.8 mm
PE 1201.2 12 1.2 1 97.5 435 55 0.55 200 FASTON 4.8 mm
PE 12002 12 2 1.6 178.5 34.1 64 0.83 120 FASTON 4.8 mm
PE 06003 6 3 26 135 60.5 348 0.61 40 FASTON 4.8 mm
PE 12003 12 3 . 26 134 66.3 65 1.2 80 FASTON 4.8 mm
PE 06004 6 4 3.7 62.3 52 102 0.84 30 FASTON 4.8 mm
¢ | PE 12007 12 7 6.3 151 66 98 2.7 26 FASTON 4.8 mm
PE 06010 6 10 93 151 51 g8 20 9 FASTON 4.8 mm
5
+ | PE 12010 12 9.8 84 152 a8 98.4 33 24 FASTON 4.8 mm
PE 12015 12 15 14 184 80 170 6.2 15 FEMALE INSERT M5
£
PE 12024 12 24 21.5 168 177 126 9.1 9.7 FEMALE INSERT M5
PE 12038 12 36 325 198 166 175 13.7 8 MALE INSEAT M6
PE 12055 12 54 | 50 277 175 232 223 6 MALE INSEAT M8
| PE 12085 12 62 57 326 17 188 22.5 5.8 MALE INSEAT M8
Externol dimensions are +/- 1 mm
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v - | 08 =
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vat charge voltage level

The graph opposite gives the

recommended voltage for different

temperatures. The floating voltage

is 2.27 V/cell at 20° C.

It is recommended o set the level

to that relevant to the average

+ temperature where this is
reasonably constant.
Where temperatures vary, it is
recommencr:ad that automatic
temperature compensation of
charge voltage leve! is provided in
conformance fo the graph.

uence of temperature
capacity

on

The temperature of the battery influences .
the avaible capacity as indicated in the -

graph opposite. Beyond 35° C, the
increase of capacily is negligible.
The effect of temperature is also

dependant upon the discharge current

level.

Example of use :

At 0° C and a discharge of twice the
C10 rate, the battery has an avaible
capacity of 76 % nominal capacily.

BYcling applications

Although designed for standb
float applications, the 2= ceﬁ,s
and monoblocs also have good
behaviour in cycling
applications.

The depth of discharge is the
most important factor on the
lifetime of batteries in cycling
applications.

FLOATING VOLTAGE VS TEMPERATURE
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245 ! |
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INDICATIVE VALUES OF LIFETIME IN CYCLING

i
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of .
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{% of C10}
e regsonce INTERNAL RESISTANCE VS STATE OF CHARGE
M %kr
ernal resistance ek dogdtom) .
The value of internal resistance
is important when a battery must 400
produce a peak current (e for
switch tripping) at the end of the
discharge period. 00

The graph opposite shows
resistance as a percentage of
fully charged resisiance value,
for various charge states.
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B8charging characteristics

Charging with a tonstant voltage level
and a limited initial current value is the
method recommended for best predicted
lifetime of 7% batteries.

The graph opposite shows recharge fimes
for various depths of discharge and initial
current values at voltages of 2.27 and
2.40 Vpc at +20°C.

The use of higher initial current levels
does not significantly reduce charging
time and may cause battery damage.
Recharges made with the voltage over
2.27 V must be limited in time.

Example :

A 75% discharged battery is recharged
at 2.27 Vpc at 20°C using a charger
having a current limited of 0.2 x Cgl 0
Time fo reach 90% charge state is some
6 hours.

We recommend that the batteries are
not discharged more than 80 % of
nominal capacity.

Note : for recharge with 2.40 V
the current must never be higher
than 0.2xC10.

torage temperature /
Self discharge

The rate of self discharge of a
battery depends on the
temperature of storage. A battery

will lose charge state more
rapidly when temperatures are

high.

The graph opposite can be used
to determine the frequency of
replenishment charging.

Sttte of c.harge Vs open
circuit voltage..

A measure of open circuit
voltage gives an indication of
the state of charge of the

battery. This measurement should
not be done until 20 hours after
disconnecting the battery.

CHARGES IN USE AT CONSTANT YOLTAGE WITH LIMITED .
CURRENT. m = 2,27 V / CELL (+207 ()

Charge duration (hour)
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CHARGES IN USE AT CONSTANT VOLTAGE WITH LIMITED
CURRENT. m = 2,40 V / CELL (+20° €) (CYCLING)
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End of discharge volfbge 175 v

ji@pid determination tables (in Amperes)

End of discharge voltage 1.80 v

i

w n

UTONOM
5h] 8h[10h TYPE oo 1hA3UnTosr:03MnY 10R] 20h TYPE (o TH Ash ShN gh Ywh
063 | 027{ 048] 042f 0.1 | 06 PEGGOLY 1 |062]026 |018]0.42] 011 006 PEOSOI2| 1 | 06 |026{047[012] 0
063 | 027] 0.18) 0.02{ 0.1 | 06 PE1LY 1 062026 {¢18}0.12] 01| 006 PE1012| 1 | 06 |026(0.47|042] 0.
103|043/ 029 02 [016] 0. PE1202| 16 |102]043 |29 ] 019] 0t6] 0. PE12002 16 | 098] 042026049 |0.16
18 | 072] 048{ 032036 | 035 PEG003| 28 | 18 {073 048|032 026 015 PEOSO03| 27 | 1.7 |071)047 {031 {025
, 18 | 074] 048|0.32] 026 | 015 PE12003] 28 | 18 |073] 048032 026 015 PE12003| 27 | 17 | 071 |047{031 [026-
29 [ 111]072| 047038 | 02 PESO04| 41 |27 |109] 071|046 ] 038] 02 PEOSO04| 39 | 26 | 105|069 | 045 {037
426] 17| 113]0775] 085 | 035 PE12007] 73 | 42 {188 1.1 {077] 04| 0.34 PE12007| 69 | 408 | 164]108|075]083
6.23| 253 169(1.13{094 [0508|  {PEOGOIO 107 |613{248 | 17| 1120936 0503]  [PEO6O0] 102 |54 | 24| 1.6 | 108|093
6 158] 104|085 | 05 PE1210] 9.1 [585]238 | 1.56] 1.04| 085 05 PE12010{ 6.86 | 565 | 232{ 153 | 1.02 |04
95 | 39| 255|174 {143 | 077 PE12015| 162 | 93 | 38 |248| 1.71] 141] 076 PE115| 154 | 9 |365|242| 166 14
145] 64 ]395]262] 22 {12 PE12024 243 {142] 59 | 39| 26 | 218] 12 PE12024| 23 {136 57| 38 {255 215
2195 96| 62| 4 |33 185 PE120%8] 37 |218] 95 |615]298] 33| 18 PE12038 | 354 | 213 93 | 6 |395(325
% o ‘ PE12055| 58 | 34 |137] 9 |61 51] 27 PE1055| 56 | 33 {134 87] 6 |
PE12065| 64 |332]165|165] 69 | 58| 3. PE12065| 62 | 37 | 16 [1045] 68 |57

vy

age l%ﬁ End of discharge voltage 1.90 v End of discharge voltage 1.95 v
AUTONOMY TYPE AUTONOMY TYPE AUTONOMY
1h 5h 10h] 20h 30minj thi 3h[ 5h! 8h|10h| 20k 30min| th | 3h{5h | 8h [10h
057 01 0.4 {006 PE060L.Y 09 |0521 023 0.46] 0.11)069| 0.05 PE060LY 0.7 1043 ] 0.2 |0.43}0.09)0.08
057 017 0.1 0.6 PE1201.2 09 |0352) 03] ¢.15] 0.11] 069 0.05 PE1201.2 0.7 [043102[013]0.09]0.08
1093 027 016 01 PE12002} 1.4 |084] 0.37] 0.25] 0.17]0.15] 0.09 PE12002| 1.1 |07 )032]022{0.15]0.43
1.6 045 025 [ 0.14 PE0G003| 24 | 15 062f 0.41] 0.27]023] 0.13 PE06003] 2 |1.2 {053]0.35{0.23]0.19
18 045/ 031025 | 0.44 PE12003| 24 | 15]062] 041]0.27]023] 0.13 PE12003] 2 [1.2 1053{035/0.23]0.19
: 24 (.66 _ 0.36 | 0.19 PEQG004| 33 {21 09] 08] 04]033]0.18 PE06004| 28 [1.7 )0.76]051]0.34028
1 385 1.04{ 0.71[ 06 | 0.3 PE12007{ 56 | 33| 1.36] 0.91] 0.63{0.53 | 0.%9 PE12007) 44 |25 [1.03]0.72{0.52 045
585 148 0.85 | 048 PEQ610| 85 |499] 2.11] 1.39] 0.93]0.77] 0.43 1PE06O10} 69 | 4 [166{1.11]0.79 (065
534 1471097| 08 | 047 PE12010] 7.85 {477 2.03) 1.34] 0.89] 0.74 | 0.44 PE12010{ 655 |3.92 § 1.74{1.14 1 0.76 {0.63
86 2.3 1341 07 PE12015] 13.1 [796] 3.05] 2 | 1.45] 1.2 | 0.64 PE12015] 11.1 | 6.7 [2,65]1.63 | 1.14]
129]:55| 36" 205] 11 PE12024] 196 | 119] 491 33| 22]185] 1 PE 12024/ 163 9.9 412718155
198 57 311168 PE12038) 286 | 18 | 7.7] 52| 34| 285/ 1.57 PE12036] 244 {15 | 6 (42 (28|24
35 84 48 125 PE12055] 47 1285 12§ 79] 53{ 44 23 PE12055) 385 | 24 |103/68 |47 (39
97 5451 29 PE12065) 513 | 314 138] 891 59| 5 | 27 PE12065] 44 |266 11 [ 75 [ 48 [42
)
2

These tables indicate the maximum constant current {in Amperes) and maximum constant power
pate Cock) that can be provided for a given duration for various end-point
vels at 20°C. .

voll‘oge

(in watlt rer battery bl
e

Technical indications given in this leaflet are in general terms.
These indications can change depending on the state of the battery.




mpid determination tables (in Watts)

End of discharge voltage 1.60 v

End of discharge voltage 1.68 v

End of discharge voltage 1.70 v

e | AUTONONY Tvee | AUTONOMY e | AUTONONY _
3min] 5 mia10 min[15 min]2) min] 20 min] 45 mie] 1 3atin | 5 min |10 min15 min 20 min{30 mini 45 min} 1A in | 5 min |10 min[15 min] 20 min[30 min 43 min] 1
PEGOI2 31 {25| 12} 9| 8|6 |43 PEQSO121 30 f 24} 12 9| 8|6 |43 PECSOT2 20 2412 9 [ 7|6 ] 43
PE120124 62| S0 | 24|19 j5| 1|8 |7 PE1201.2) 60 | 49| 24 |19 ( 15|11 )8 |7 PE12012) 57 {4724 [18[15)11 |8} 7
PE12002|103| 83 | 4t |31 [ 25|19 [ 14 | 11 pe2002 (100 | a1 a0 | ot {25 1o [e [ 11| -|PErovoa) o6 | 79 {40 3| 251 | e n
PEGGO03| 77 {62 |3t |2 | 19|14 ]t0] 8 PE0S003| 75 | 61130 | 23| 19|14 {10 | 8 PE06003| 72| 59 {30 | 28| 19]|14{10]8
PE12003| 155 | 124 61 | 47 {38 {29 {21 | 17 PE12008[ 150 | 122] 60 | 47 | 38 | 28 |21 | 7 PE12003 144|119 sofdefar| 8 || w7
PEOBOO4) 94 | 76| 52| 401352 |19 | 15 PE0S004]| 90 | 74| St [ 39| 3412619 |15 PEOGO04| 85 | 71| 49|38 (33|25 [19] 15
PE12007] 350 283|190 | 144 116 | 84 [ 60 | 47 PE120071347 | 281] 189|143} 115} 83 |50 } &7 PE12007 | 341 | 277 | 187 142 114 | 82 | 58 | 47
PE06010] 258 | 207 142 | 107 | 86 |63.6|45.5 | 36.1 PE06010{254 | 204| 140} 106 {85.5] 63 [45.4{35.9 PE06010| 2481 199 | 138 | 104 {84.5[62.5 | 45.1] 35.7
PE12010 470 | 363 | 2¢3 | 182 | 146 | 108 | 82 | 66 PE12010] 451 | 352| 239 | 180 | 144 | 107 | 82 | 66 PE12010 | 427 337|233 | 176 { 142} 107 | 81 [ 63
PE 12015 a3s | 655 | 435 330 | 267|197 143 | 114 PE 12015815 | 641|430 | 326 | 263 | 195 {142 | 113 PE12015] 777 | 631 | 418 | 322 | 262|193 | 140 | 112
PE 12024 | 1170] 960 | 633§ 478 | 388|292 | 215 | 170 PE 12024 1130 91| 625 | 470 | 364 | 289 | 25 | 167 PE 12024 | 1080] 890 | 607 | 460 | 377} 262 { 212 | 185
PE 1208 | 1760 1445] 985 | 748 | 608 | a49 | 327 | 257 PE 12038 [1735 | 1420} 968 | 744 | 602 | 444 [ 326 | 257 PE 12038 | 1690 1370] 945 | 725 [ 593 | 438 | 323 | 256
PE-12055 2500l 2160l taas| 1| 940|708 {528 | 42| [PE 1055 osia] ans)vies| 3o as{ o |28 [isa | | 12085 anes|oss| e5] 110] 15 | a0 [ sts | ar3
PE 12065 | 2670| 22951 1659] 1278 1036 774 [ 576 | 459 PE 12065 |2530 | 2250| 1628{ 1267{1030{ 770 [ 571 (455 | |pE 12065 |2550]2150] 1587} 1296 1015|759 | 565 | 432

End of discharge voltage 1.75 v

End of discharge vollage 1.80 v

End of discharge vollage 1.85 v

TYPé AUTONOMY TYPE AUTONOMY TYPE AUTONOMY _

* | 3min] 5 min] 10 min] 5 min) 20 min] 30 min| 45 min] 1 3min | § min 10 minf 5 min[20 min] 30 mie] 45 min 1 3min | 5 min 10 min] 15 min] 20 min| 0 min 45 mia| 1
pEgeota] 27 | 1512 | e[ 7|6 )43 PEOROI 25 (s {418 | 7.5 €03 |peosor] rs [0 8|7 {5 ]4]3
PE12012 54| 30| 2| 18| 15| 1] 8] 7 PE1012 51| 29| 2| 1| a| | 8| 6| |pEtent2 a0|2s|at]t6|1a|0]8]5s
pEroial ot |0 (38| a0 |2 t0 sal |  |pEaxionl e we| o as | 8 [va | w | |PEroome| s |4 |ss|orj2|r)]
PE0G003| 68 | 37| 2 [ 22| 18] 14| 10] 8 PE06003| 63 | 36|28 | 2118 [ 13|10} 8 PE0G003| 38 [ 35| 26|20 {17 |13 ] 10} 8
pEtoom) 6] 7¢se [ 45 (36 |8 | 20 16|  [pE1oota)ios| 73| 6s [ aa s |"r | 0| ts| |PEa008] 75 |70 |60 405 [26] 1915
PEOGOS| 80 j 66 [ 4737 [32]25] 19] 15 PE0GO04] 74 | 60| 43 | 36| a1 [ 24| 18] 14 PEOSO04| 62 [ 53 | 38| 33|28 22|17 14
pio00n| 2| 276 | ves [ véo| wal o1 | 5146 |  [Pe1ooan] ats | 2ss | 5] va| 108] 29 {55 {ias | |pEtavn dea| a0 | tee| 124 {102 f 75 | 83 | 48
PEOG010| 235|194 | 133 | 102 | 83 [e17] ass 35| |PEosot0] 219 | 180| 26| 99 |785|s0.4|43s]2e2] - |PEOGOIO [ 196 163] 115 | 89 | 74 |556]41.4]328
peaiioldor | ste| 226 [ 175 126  10s| w0 | o4 | [pEtocto s 2sa| 2 i62] 153] n0a| 78 63| [pEioui 02283 | igd ) e8] 122 ] g9 | 74 | o
pE12015| 28] 595 | 03 | a1t | 253 | 1a7] 137 10| |PEt2015| 6ee| 550|377 | 295 | as0 179|133 ] 105|  |PE 12015 [ 578|482 | 342|270 225 | 168 ) 127 100
e 102 ool 538 78 | aét | 36e | 25| 206 162| [P 1anos['i | ssolsdr | wio | o 168 165 (pE2624 | 7us | 665 | 4 | a0 | 30t | e | 1na | S
PE 12038 1575| 1200] 005 | 700 | 574 | a2s| 317] 55| |pE 12038 143s| 1100] 80 | 662 544 | a12| 310| 251|  |PE 1203 1160{1020] 745 | 585 | 493 | 375 | 290 | 235
pe 1206 2siol oo ool ioso| 805 | 676 | sua 06|  |PE1205 2ot 1745| s i2a| ¢ | 657 | 2 | 05| |pE'tanss | 26| 50s] ves| s56 | ato]| 622 | 4e6 | 377
PE 12055 | 2010] 20e0]1517] 167 76 | 740 | s56| 448 |  |PE 12065 2065 1840] 1era| 138] 544 | 722 42| 435| (P 12088 | 1745] r66o] 256 04| 72 | 73 | 12 | 412

IR tallation and Mounting

¢ CEAC can provide a range of metal or wooden racks and battery cabinels designed

to ensure safe and
Our team of specia

i

ractical installation of #Z batteries in all industrial environments.

st technicians can advise on any installation requirements.
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Fig.3.6 Monthly

mean daily global solar radiation

(Unit : cal/cmz.day)

map of January.



(1 " 1vo ot 102" 103 104 10§ 104

L) 8

MAP OF THAILAND

e e o Couniry Sowndary

7 B E
420
3 N
430 KIOoMeETER -1
440 50 35 0 50 100 130 200
) MALAYSIA \g 6 35 b ¥ 10
H Mith
1 1 i 1 1 1 1 1 1 '
" Ch o [ 100" o1’ 102 103 104 108 106
Fig.3.7 Monthly mean daily global solar radiation map of February:

(Unit : cal/cmz.day)'



20

te

Monthly mean daily qlobal

(tht

).
calZem” day)

[0 (1] . " o' 10y 107" Ty 104’ \of e
1 1 T | 1 i 1 1
3710
M0
390 Q /™
- a0 400 RN ,
l4 =T | i -~
/ 7
\ 1
" / y A O s
BURMA ‘ ]
. \
-’
Q
: )
i ' 370 b
\
\ R
\a N\ 380
r’ B
! d 1
! 390 by 390
\ )
—"'
{ W 400
B \ ) ~
410
/
N -
\ ’,.a~._,-—s..—-' \ 7 )
_ SN, 420 s |
\
\
\ "
< J CAMBODIA
i w i . 1
@« 430 \ .
( ..
410 1
- \ N
z A Q. e
[ ,I d
< /
a = , i
< /
(o]
z
[~ .
<
440
o
]
i : N\ ]
‘ . \ 410
B ‘ y 420 b
MAP OF THAILAND
Q X
X e = = w Covniry Bovndary
- 430 ]
)
- ’.\‘—\
- e
‘ -
8 ’ / 440 xnomtine
S 0 2 0 w o we 130 I
MALAYSIA \Q R T
) ! 1 i 1 1 ! 1 1
"4, L x4 ki 'x] teny (L1} wi LER} e AITL) W

solar radiation map of Marceh,



. o5 (14 1) o0 100" 10V 107 109 104' 106 LD 3
ne T T T T T T
w0l . 430 ,,. 110
Vol R e
440/
1wy (/ g
BURMA z
-
wi Jr
«
. 3 )
M o Q 410 4
\
X o) 420
" lf . Qe
[} ‘\.
1 h
J )
113 . ( ) $30 15
!
/
\ -
. \\ — \ ” A
wl ~\ . > S
\ 4
\ 420 - 430
\' s 0
< ) N\ CAMBODIA
o w < \ Jy
t
» \ )
\ )
{
wl \ J it
4 Q_. A -1
.!
< o \
i = " )
< \
(=]
Wi 4 e
. <
LN = =K
430
s )
440 MAP OF THAILAND
’ - —— équ Sewndary
L )
440 j .
- r\~a ‘
- e
= } A¢
£ oo\ KILOMETER
S 0 59 0 100 130 200
MALAYSIA \K 6 25 30 75 10 13
s MILE .
[ § 1 1 1 1 1 ! 1 s
%% [ 14 ” 99 100 101 102" 103 104 108 B w08

1

Fig.3.9 Monthly

mean daily global solar radiation map of April.

(Unit : cal/cmz.day)

ot o o et tmraten



. 3 114 v;' 99 100 . 1o 102’ 10y w4 10 104
" T T T T T - T
430
. - U8
wl 440 ,\
,‘v\’
‘Jaso
wih .-
BURMA l‘
-
wi
N\
vl S, ¥
. 3
W
’f
e
B
il {
450 \
Wl
\ / 420 1
‘ ”~
< 340 1 ; 410 )
) ) {/ 3904 ! CAMBODIA
13 \ 400
- w S \ 4
@ 430 \
. ‘( .
wl . 400 g
z ‘f \. ~
9 /
< 420
1" b~ ] / -4
b L 4
e 410 400
wlp, . F4 h
<
LY
vl () T
‘L ‘ 410 _
4 MAP OF THAILAND
\- = = = = Country Boundary
- -
410 SN f\‘ﬂ\
it ) | N
6 o\ KILOMETER
S 30 250 30 100 130 200
MALAYSIA \ié 3 S 1 1o 12
) miLg
—l H 1 1 Il 1 1 I 1
" " [ [0 100 101 102 103 104 108 1

Fig.3.10 Monthly mean daily global solar radiation map of May.
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Fig.3.12 Monthly mean daily global solar radiation map of July.

(Unit : cal/cmz.day)
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Fig.3.13 Monthly mean daily global solar radiation map of August.

(Unit : cal/cmz.day)
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Fig.3.18 Annual mean daily global solar radiation map.
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