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INTRODUCTION 

photovoltaics - turning sunlight into electricity -- is a technology that 

saw Its first practical application Just over twenty years ago. Small 

photovOltaiC cells were used to power one of the 'first  U. S. satellites. 

Since that time, photovoltaics have been intensively researched and tremendous 

amounts of time and money spent in attempting to make them attractive and 

practical for everyday use. As in other solar energies, cost has been the 

primary barrier; and it remains so. 

However, in certain applications where electricity is unavailable or pro-

hibitively expensive, photovoltaics (Ply) have become economical, and practical. 

A number of firms have been attempting to develop and market home P/V systems,. 

but not all have survived. Several U. S. manufacturers have recently discon-

tinued their P/V marketing, while others have reverted to research and develop-

men t. 

The UAH task team performed an extensive telephone survey of all known photo-

voltaic manufacturers. 

One firm reported that state regulations are limiting its marketing efforts. 

The California government wants the company to warrant its P/V products for 

30 years. Lacking extensive test data and field experience, such a warranty 

would be impractical or impossible, the firm said. 

Another company reported that there is little or no domestic market for the 

systems, but that there is quite an export demand. However, trade barriers 

are severely hampering exports. The export demand comes from countries where 

electricity costs are many times higher than in the U. S. and in applications 

where conventional electricity is unavailable, such as off-shore, or in 

underdeveloped countries..
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Typical applications include off-shore navigational aids and petroleum plat-

forms, television, telemetry and microwave transmitters and repeaters and 

irrigation pumps. 

One manufacturer stated that he had sold several thousand units to recharge 

battery-operated television sets in week-end and summer cabins in Norway. 

A number of large-scale, P/V demonstration projects are underway. One is 

in the Indian village of Schuchuli, AZ, where a 768-square-foot array provides 

305-kW peak power, or 2,380 amp-hr of battery storage, to power the village 

water pump, home lighting and domestic appliances. 

A remote village in Upper Volta, West Africa, has a 1 0 8-kW power supply 

which is used to drive a 1,200-gallon-per-hour water pump. 

Recent studies indicate that the P/V market., and hence the industry, should 

stabilize within the next three or four years. The market has been estimated 

to be between $500 and $700 million by 1990. Total sales in 1977 were $8.1 

million and rose to $12.3 million in 1978. Estimated sales for this year are 

$13.75 million. 

Three U. S. companies accounted for 77 per cent of the total domestic sales 

in 1978. They are Solarex Corp., Solar Power Corp., and ARCO Solar, Inc. 

This survey of solar P/V manufacturers and suppliers consists of three parts: 

a catalog of suppliers arranged alphabetically, data sheets on specific products, 

and typical operating, installation or maintenance instructions and procedures. 

Pricing information was difficult to obtain because most manufacturers work 

on a quotation basis rather than fixed-prices for components. Practically 

all of the available hardware was in the form of modules of various sizes 

and performance. Complete systems are not readily available as most applica-

tions at this time are custom designed, due to climatic and load variations. 
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SOLAR PHOTOVOLTAIC SUPPLIERS



SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY: ACUREX Corporation 
Aerotherm Group 

ADDRESS: 485 Clyde Avenue 
Mountain View, CA 94042 

PHONE:	 (415) 9643200 

CONTACT: Jorgen 0. Vindum 

PHOTOVOLTAIC PRODUCTS: Parabolic-trOugh concentrating collector for P/V. 

DATA SHEETS: See Appendix A
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 AMB Flexhose 

ADDRESS:	 1257 24th Street 
Oakland, CA 

PHONE:	 (415) 8364111 

CONTACT:	 Rob Bostock 

PHOTOVOLTAIC PRODUCTS: 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Ametek, Inc. 
Applied Materials Div. 

ADDRESS:	 1 Spring Ave. 
Hatfield, PA 19440 

PHONE:	 (215) 257-6531 

CONTACT:	 Dr. Frank Schmitt 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V cells. NOTE: Discontinued production because of lack of market 
and high technology required for solar P/V applications. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 ARCO Solar, Inc. 

ADDRESS:	 20554 Plummer Street 
Chatsworth, CA 91311 

PHONE:	 (213) 998-0667 

CONTACT:	 Ken Ude 

PHOTOVOLTAIC PRODUCTS: 

Power modules (3 series, Models 500, 1,000, 2,000). 

DATA SHEETS: See Appendix B
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Automatic Power, Inc. 

ADDRESS:	 205 Hutcheson Street 
Houston, TX 77203 

PHONE:	 (713) 228-5208 

CONTACT:	 Sid Sitkaroff 

PHOTOVOLTAIC PRODUCTS: 

Silicon cell panels 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 CSI Inc. 
Solar Systems Div. 

ADDRESS:	 12400 49th Street 
Clearwater, FL 33520 

PHONE:	 (813) 5774e228/4489 

CONTACT:	 Roy Sallin 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V panels custom-built systems in sizes to provide 400W to 2000 kW-hr/mo. 
Primarily power generation for custom-designed commercial and industrial installa-
tions. P/V systems for providing electric power for pumps and controls of 
solar thermal heating and cooling systems. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Delavan Electronics, Inc. 

ADDRESS:	 14605 No. 73rd Street 
Scottsdale, AZ 85260 

PHONE:	 (602) 948-6350 

CONTACT:	 John Frantz 

PHOTOVOLTAIC PRODUCTS: 

Solar tracker for P/V systems. 

NOTE: Company is phasing out of solar products. Effort takes too much time 
and manpower. Many units in field, and sales were good on domestic market. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Energy Savings Systems 

ADDRESS:	 Holmes Industrial Park 
Holmes, PA 19043 

PHONE:	 (215) 583-4780 

CONTACT:	 Richard Corrill 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V modules. Primary application is power supply for boats and yachts, 
but applicable for any remote site where power is required. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Ergenics, Inc. 

ADDRESS:	 Lawkins Road 
Waldwick, NJ 07463 

PHONE:	 (201) 891-7911 

CONTACT:	 Ed Snate 

PHOTOVOLTAIC PRODUCTS: 

Controls and storage systems for solar P/V power supplies. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 McGraw Edison Co. 
Power System Div. 

ADDRESS:	 75 Belmont Ave. 
P.O. Box 28 
Bloomfield, NJ 07003 

PHONE:	 (201) 751-3700 

CONTACT:	 Bob Hammond 

PHOTOVOLTAIC PRODUCTS: 

P.V modules. NOTE: Manufacturing discontinued, but components in field. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Mobil Tyco Solar Energy Corp. 

ADDRESS:	 16 Hickory Dry. 
Waltham, MA 02154 

PHONE:	 (617) 8900909 

CONTACT:	 Ms. Linda Lucier 

PHOTOVOLTAIC PRODUCTS: 

Advanced solar P/V panel. Company hopes to be on commercial market in 1980. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Motorola, Inc. 
Semi conductor Group 

ADDRESS:	 5005 East McDowell Rd. 
Phoenix, AZ 85008 

PHONE:	 (602) 244-6900 Ext. 5459 

CONTACT:	 Marilyn Haas 

PHOTOVOLTAIC PRODUCTS: 

Systems, high density solar modules, 36- and 48-cell solar modules, voltage 
regulators, support structures. 

DATA SHEETS: See Appendix C
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY: National Semi conductors Ltd. 

ADDRESS: 331 Cornelia Street 
Plattsburgh, NY 12901 

PHONE:	 (518) 5613160 

CONTACT: Duncan Clifton 

PHOTOVOLTAIC PRODUCTS: Solar P/V modules 

DATA SHEETS: See Appendix D
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Optical Coating Laboratories, Inc. 

ADDRESS:	 15251 E. Don Julian Rd. 
City of Industry, CA 91746 

PHONE:	 (213) 882-4100 

CONTACT:	 George Holmes 

PHOTOVOLTAIC PRODUCTS: 

Silicon cells and panels 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solectro-Thermo Inc. 

ADDRESS:	 1934 Lakeview Ave. 
Dracut, MA 01826 

PHONE:	 (617) 957-0028 

CONTACT:	 Arthur J. Manelas 

PHOTOVOLTAIC PRODUCTS: 

Hybrid electric/thermal solar system. Modules 4 ft. X 4 ft. each containing 
33 P/V cells in concentrating reflectors. Modules are also solar thermal 
(air) collectors for space heating and DWH. 

DATA SHEETS: See Appendix E
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Sensor Technology, Inc. 

ADDRESS:	 21012 Lassen Street 
Chatsworth, CA 91311 

PHONE:	 (213) 882-4100 

CONTACT:	 Sanjeez Chitre 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V Panel 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 SES, Inc. 

ADDRESS:	 3 Relee, Industrial Park 
Newark, DE 19711 

PHONE:	 (302) 7310990 

CONTACT:	 Greg Love 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V modules, 8 in. 2 , 24 cells, output 6v, 1W. Custom designed power 
generating systems primarily for industrial applications. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Silicon Sensors, Inc. 
Solar Systems, Inc., Div. 

ADDRESS:	 Highway 18 East 
Dodgeville, WI 53533 

PHONE:	 (608) 935-2707	 D 

CONTACT:	 Pallas Dieter 

PHOTOVOLTAIC PRODUCTS: 

Silicon solar cells, solar power modules 

DATA SHEETS: See Appendix F

19



SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solar Energy Products 

ADDRESS:	 1208 NW 8th Avenue 
Gainesville, FL 32601 

PHONE:	 (o) 377-6527 

CONTACT:	 Ward Wilson 

PHOTOVOLTAIC PRODUCTS: 

Silicon cell panels 

.

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solarex Corporation 

ADDRESS:	 1335 Picard Drive 
Rockville, MD 20850 

PHONE:	 (301) 948-0202 

CONTACT:	 Dr. Peter Baradi 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V panels and systems 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solargenics, Incorporated 

ADDRESS:
Chatsworth, CA 

PHONE:	 (213) 998-0806 

CONTACT:	 David Collins 

PHOTOVOLTAIC PRODUCTS: 

Mod. 79-6.5 Solar P/V Panel. Each is 36 in. .x 78 in. x k in. and produces 

16.5 V, 9 amps. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solar Power Corporation 

ADDRESS:	 20 Cabot Road 
Woburn, MA 01801 

PHONE:	 (617) 935-4600 

CONTACT:	 Bill Schlosser 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V systems for microwave power, transmission, water pumping, 
communications, navigational aids, cathodic protection, power generators, 

solar P/V voltage regulators 

DATA SHEETS: See Appendix G
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solar Systems, Inc. 

ADDRESS:	 1011 S. Delthia 
Park Ridge, IL 

PHONE:	 (312) 823-3819 

CONTACT: 

PHOTOVOLTAIC PRODUCTS: 

DATA SHEETS: See Appendix

24



SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solec International, Inc. 

ADDRESS:	 12533 Chadron Avenue 
Hawthorne, CA 90250 

PHONE:	 (213) 970-0065 

CONTACT:	 Robert W. Craford 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V panels 

DATA SHEETS: See Appendix



SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Solenergy Corporation 

ADDRESS:	 23 North Avenue 
Wakefield, MA 01860 

PHONE:	 (617) 246-1855 

CONTACT: 

PHOTOVOLTAIC PRODUCTS: 

Variety of solar P/V modules, about half for commercial export market. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Sollos, Inc. 

ADDRESS:	 2231 S. Camelina 
Los Angeles, CA 90024 

PHONE:	 (213) 8205181 

I' 

CONTACT:	 Dr. Milo Macha 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V modules, 6 V and 12 V, mainly for export market 

DATA SHEETS: See Appendix H
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Spectrolab, Inc. 

ADDRESS:	 12500 Gladstone Avenue 
Sylmar, CA 91342 

PHONE:	 (213) 3654611 

CONTACT:	 James Albeck 

PHOTOVOLTAIC PRODUCTS: 

10 Kw P/V concentrating solar system consisting of 8.6 ft. x 4.25 in. 
modules, each with 32 V, 250 W output. NOTE: No longer manufacturing 
components, but systems are in the field. 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Sun Trace Corporation 

ADDRESS:	 1674 S. Wolf Road 
Wheeling, IL 60090 

PHONE:	 (312) 299-1080 

CONTACT:	 Jim Fromeyer 

PHOTOVOLTAIC PRODUCTS: 

Silicon cells and panels 

DATA SHEETS: See Appendix
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SOLAR PHOTOVOLTAIC SUPPLIERS 

COMPANY:	 Tideland Signal 

ADDRESS:	 Box 521e30-TR 
Houston, TX 

PHONE:	 (713) 681-6101 

CONTACT:	 Carl Kotila 

PHOTOVOLTAIC PRODUCTS: 

Solar P/V power stations for remote, off-shore navigational stations for 
12 V and 6 V operation. Solar P/V generators in 2V - 24V range for variety 
of applications, e.g., communications, automated controls, navigation aids, 
cathodic protection. MG-600 solar P/V module for various applications. 

DATA SHEETS: See Appendix I
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Clllli,ACUREX 
Solar Photovoltaic 
Power System 
Solar energy 
for a utility 

Consumption of electricity in the United 
States has been increasing about 7 per-
cent each year - almost twice as fast as 
overall energy use. Conventional power 
plants are becoming increasingly ex-
pensive to build and operate as the price 
of fuels and environmental controls 
increases. Solar photovoltaic power 
systems can provide an alternative to 
help meet our growing demand for elec-
tricity. By producing electricity directly 
from sunlight, photovoJaic systems offer 
the potential for efficient, environmentally 
safe production of electric power.

To help make solar photovoltaic systems 
a commercial reality. Acurex Corporation 
has teamed with the Sacramento Munic-
ipal Utility District in central California to 
demonstrate a flat-plate photovoltaic 
power system. Designed by Acurex 
under contract to the Department of 
Energy, the system will deliver approxi-
mately 200,000 kWh annually. 

The Acurex system uses photovoltaic 
modules mounted in single-axis tracking 
arrays. Clock-driven controls turn the 
arrays to follow the sun throughout the 
day, ensuring that the modules operate at 
peak efficiency. Compared to fixed 
arrays, tracking arrays produce from 12 
to 22 percent more electricity per year. 
Electricity generated by the modules is 
converted from dc to 480V ac by a power 
conditioning unit.

To demonstrate economical construction 
and maintenance, the Acurex system 
takes advantage of low-cost materials. 
standard parts, common manufacturing 
technology, and simple assembly tech-
niques. Systems such as this one will 
help pave the way for solar production 
of electrical power at locations throughout 
the country. 

32



ARRAY
CONTROL

UNIT 
FIELD SERVICE 

AC SUPPLY BUS

INSOLATION 
INDUCTOR 

ARRAY 
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REGULATOR -
I

 
INVERTER ]q

DC SUPPLY (250V) 

DISCONNECT SWITCH AND 
PERSONNEL SAFETY 
INTERLOCK

Acurex Corporation, Europe	 Acurex Far East, Inc. 
Esplanade 6 
2000 Hamburg 36 
West Germany 
Phone(4940)354800 
Telex: 841214448

Kyodo Building, Suite 47 
2-2, 4-Chome. Hatchobori 
Chuo-ku, Tokyo 104, Japan 

345093	 Phone: 03-552-2017 
Telex: 78128719 

System Schematic	 POWER STATION
MOTOR CONTROL CENTER 

CB1 CBE 

AC DISTRIBUTION BUS 
(480V, 3-PHASE, 60 Hz) 

LLW 

ON/OFF COMMAND 

ELECTRONIC CONTROL UNIT

System Description A field of 26 flat-plate tracking arrays are 
oriented north-south Each array holds 
144 flat-plate photovoltaic cell modules. 
attached to a torque tube at a fixed angle 
of 200 from horizontal. The photovoltaic 
cells, supplied by Motorola. are fully 
developed, state-of-the-art technology 
with proven reliability and low cost 
per watt.

 clock -drive-automatically rotates the 
torque tube and the arrays at 15 0 per 
hour during the day. Automatic controls 
included in the power conditioning system. 
start up and shut down the entire system. 
and will hold in standby if there is insuf-
ficient solar energy to generate electricity. 
The entire system or individual arrays 
also can be operated manually. if desired. 
Power from the arrays is fed into a power 
conditioning system to supply 480V ac 
(3-phase. 60 Hzt to the utility bus. 

Specifications	 Estimated yearly energy production: 200.000 kWh 
Peak output: 90.85 kWe at 1 kW/m . insolation 
Overall system efficiency:	 10% 

Acurex	 Acurex Corporation designs and con- 	 flat-plate tracking arrays to mass-
Photovoltaic	 structs a full range of solar photovoltaic 	 producible concentrators. offering efficient 

Programs	 collectors and collector systems for corn- 	 alternatives to conventional power 
mercial and industrial applications,	 sources. 
Acurex photovoltaic collectors range from 

For more information, call the Alternate 
Energy Division at (415) 964-3200, exten-
sion 3354. 

ACUREX 
c Corporation 
Alternate Energy Division 
485 Clyde Ave.. Mt. View, CA 94042 
(415 1, 964-3200 Telex: 34-6391
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t ACUREX 
Solar Photovoltaic 
Concentrator 
Sealed-beam headlight 
technology achieves 
low cost and 
high efficiency

0 
Photovoltaic cells that convert the sun's 
rays directly to electricity are one of 
today's most promising new energy tech-
nologies. Photovoltaic systems are clean, 
silent, and dependable - and the energy 
source they tap is virtually unexhaustible. 
But until now, widespread commercial 
development of photovoltaic technology 
has been seriously hindered by the high 
cost of ohotovoltaic cells. 

Acurex Corporation is working to tower 
the cost of photovoltaic systems with 
concentrating collectors that increase the 
amount of sunlight falling on each photo-
voltaic cell. Under contract to the U.S. 
Department of Energy, Acurex has 
developed a new low-cost, high-efficiency 
photovoltaic concentrator that uses the

proven technology of sealed-beam auto-
mobile headlights. This new concentrator 
is capable of focusing the sunlight falling 
on each photovoltaic cell at very high 
concentrator ratios - from 100 to 1000 
suns. Concentrating the sun's radiation 
means that fewer photovoltaic cells are 
required, and results in significantly 
higher cell efficiency. 

Like sealed-beam automobile headlights. 
Acurex photovoltaic concentrators are 
extremely durable Because the concen-
trators reflector and solar cell assembly 
are hermetically sealed in glass. they can 
withstand extreme temperatures, humidity 
winds, dust, hail, and other atmospheric 
conditions In addition. since manufac-
turing procedures for sealed-beam head-
lights are already well established. the 
concentrators can be mass-produced at 
low unit cost

Acurex photovoltaic concentrators will be 
mountedin arrays that move to track 
the sun's motion during the day. Each one 
of the concentrators in these arrays can 
be individually replaced. making mainte-
nance easy. An active cooling system is 
built into the arrays to maintain the con-
centrators at an efficient working 
temperature. The thermal energy 
recovered by this r'.rIinri cvtm can 
also be put to use — makg this photo-
voltaic system ideal for hospitals, schools, 
offices, and groups of homes, where both 
electricity and hot fluids are needed. 

Acurex photovoltaic concentrators are an 
important step towards making solar 
photovoltaic technology a commercial 
reality in the near future. 
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Description,	 The Acurex concentrator is made up of 512 concentrators are mounted in arrays 
solar cells and a reflector in a durable. on a two-axis tracking structure.	 Fabri-
molded glass unit that provides protection cated of mild steel, the array structure is 
from the weather.	 Mounted in two-axis configured in a torque tube and rib 
tracking arrays for maximum efficiency. arrangement and fitted on a pedestal 
the concentrators provide both electricity mount. Two stepper motors turn the array 
and recoverable thermal energy. structure to follow the sun throughout 

the day. 

Concentrator Performance 

Future Development 

ACUREX 
c Corporation 

Alternate Energy Division 
485 Clyde Ave., Mt. View, CA 94042 
(415) 964-3200 Telex: 34-6391

Gallium-
Silicon Arsenide 

Photovoltaic Photovoltaic 
Cell Cell 

Transmission 0.925 0.925 
Reflectance 0.96 0.96 
Intercept 0.88 0.88 
Cell efficiency 0.12 0.34 

Overall Concentrator 0.0937 0.266 
Efficiency  
Aperture area 50.62 in. 5062 in.2 

Power Output 3.2 watts 9.06 watts

Prototype concentrator units, assembled 
with hand-pressed glass modules are now 
being tested. Acurex is working closely 
with glass manufacturers to refine the 
basic design and to develop plans for 
mass production. The next step will be to 

For more information, call the Alternate 
Energy Division at (415) 964-3200, 
ext. 3354. 

Acurex Corporation, Europe 
Esplanade 6 
2000 Hamburg 36 
West Germany 
Phone(4940)354800,345093 
Telex: 841214448

produce the collectors using automated 
equipment. Other plans include refining 
the shape of the Concentrator for more 
efficient operation and adapting the con 
centrator for use of gallium arsenide 
cells. 

Acurex Far East, Inc. 
Kyodo Building, Suite 47 
2-2. 4-Chome, Hatchobori 
Chuo-ku, Tokyo 104. Japan 
Phone: 03-552-2017 
Telex: 78128719 
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This page has been removed because of copyright information. For 
information on the 500 Series, ARGO Power Modules Specifications 
contact ARGO Solar, Inc. 20554 Plummer Street, Chatsworth, GA 
91311.
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This page has been removed because of copyright information. For 
information on the 1000 Series, ARGO Power Modules Specifications 
contact ARGO Solar, Inc. 20554 Plummer Street, Chatsworth, GA 
91311.
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This page has been removed because of copyright information. For 
information on the 2000 Series, ARGO Power Modules Specifications 
contact ARGO Solar, Inc. 20554 Plummer Street, Chatsworth, CA 
91311.
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ARCO Solar, Inc. 0 

A Subsidiary of AtianticRichfieldCompany 
20554 Plummer Street 
Chatsworth, CA 91311 
(213) 998-0667 • Telex 181 211 

Solar rower Requirements 
Please .mplete this post-paid form, fold and mail to obtain system design, price and/or additional information. 

1. Application: 

2. Geographic Location: 

Latitude & Longitude: 

3. Storage Battery Temperature: Mm. -,Max.____________________________ 

4. Equipment/ Battery Voltage: Nominal	 Mm.	 Max.________________ 

5. Power Requirements:

Operating Mode	 Amperes	 x Minutes/Hr x Hours/Day x	 Days/Week 
= Amp. Hours/Day 
7 

7 60 

+ 60 

^ 60 

+ 60

Amp. Hrs./Day
* 24 

Average Continuous Load 

8. Number of Systems Required: 
Expected purchase date: 
U Immediate	 U 1-3 months	 03-6 months 

U 6-12 months	 U Longer	 U Information only 

7. Do you wish to be on our mailing list? 	 U Yes U No 

8. Have you used solar power before?
	

0 Yes 0 No 
If "yes", brand name  

9. What additional Information may we supply? 

From 

Name	 Title 

Company	 Telephone: 

Address	 City	 State	 Zip 

Litho in U.S.A.	
39	

ARCO Solar 021 11-78 Rev. 1 



NO POSTAGE
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UNITED STATES 

I	 BUSINESS REPLY MAIL 
L FIRST CLASS PERMIT NO. 272 CHATSWORTH, CA 

POSTAGE WILL BE PAID BY ADDRESSEE 

ARCO Solar, Inc. 
20554 Plummer St. 
Chatsworth, CA 91311
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36 AND 48 CELL SOLAR MODULES 

The 36 1/2 cell (8 peak watts, typical). 36 cell (18 peak watts, 
typical) and the 48 cell (24 peak watts, typical) solar modules offer 
a highly reliable and efficient power source. Each module has 
advanced technology 3" silicon solar cells which are connected 
in various series/parallel combinations to provide several output 
voltage and current options. Cells are redundantly interconnected 
to increase reliability and reduce resistance losses. 

Modules are fabricated with a corrosion-resistant stainless-steel 
frame. Glass glazing provides for high transmittance of solar irradi-
ation and reliable environmental protection. Cells are encapsulated 
in void-free silicone to increase protection from shock and vibration 
and sealed to exclude moisture and atmospheric contamination. 

These modules are ideally suited for remote site applications 
such as isolated repeater stations, cathodic protection of under-
ground pipelines and offshore equipment. 

Other module sizes are available for various power requirements. 

FEATURES 

• 8, 18 and 24 Peak Watt Typical Output 
• Silicon Cells 
• High Efficiency Cells, 3 Inch Diameter 
• Various Series/Parallel Cell Connection Options 
• High Reliabilit y , Redundant Interconnects 
• Rugged, Maintenance-Free Construction, Stainless-Steel Case, 

Glass Glazing, Silicone Encapsulant

MSP SERIES 
SOLAR MODULES 

PHOTOVOLTAIC 

PRODUCTS 

APPLICATIONS 

Microwave relay 
Telephone repeater 

Cathodic protection 
Offshore equipment 

Navigational aids 
Portable equipment 

Weather monitors 
Airport equipment 

Forestry equipment 
Fire phones 

Emergency phones 
Boats 

Cabins 

APPLICATIONS SUPPORT 

The Motorola staff of solar energy 
application engineers is available to assist 
in system definition, determination of 
module size requirements, battery selec-
tion, and regulator design. 



SELECTOR GUIDE 

48 CELL MODULES 
Electrical Characteristics 

(Cell Temperature	 250C, Solar Irradiation	 100 mW/cm2) 

ISC IM .@ VM VC)( 
Part Number Configuration Typ Mm  Typ Min Typ 
MSP01A05 1P  48S 1.1 0.98 21.10 25 20.7 21.7 

AlO 1.2 1.10 21.10 26 23.2 24.3 
A30  1.3 1.20 21.10 27 25.3 26.5 
B05 2P 	 24S 2.2 1.96 10.55 12.5 20.7 21.7 
BlO 2.4 2.20 10.55 13.0 23.2 24.3 
B30 2.6 1	 2.40 10.55 13.5 25.3 1	 26.5 
005 4P x 12S 4.4 3.92 5.28 6.25 20.7 21.7 
010 4.8 4.40 5.28 6.50 23.2 24.3 
030  5.2 4.80 5.28 6.75 25.3 26.5 
E05 6P x 8S 6.6 5.88 3.52 4.10 20.7 21.7 
ElO 7.2 6.59 3.52 4.30 23.2 24.3 
E30  7.8 7.19 1	 3.52 1	 4.50 25.3 26.5 

36 CELL MODULES 

Electrical Characteristics 
(Cell Temperature = 25°C, Solar Irradiation = 100 mW/cm2) 

ISC IM@VM VOC 
TYp Min Typ Min Typ Part Number Configuration 

MSP02AO5 1P  36S 1.10 0.98 15.84 18.75 15.5 16.3 
AlO 1.20 1.10 15.84 19.50 17.4 18.3 
A30 1 1.30 1.20 15.84 20.00 19.0 20.0 

MSP26AO5 1/2P x 36S 0.50 0.44 15.84 18.75 7.0 7.3 
AiD 0.55 0.50 15.84 19.50 7.9 8.3 
A30 0.60 0.55 15.84 1	 20.00 8.7 9.1

*CONFIGURATION- Defines solar cell electrical interconnect configuration, i.e., the number of cells connected-in parallel (P) and the number 
of cells in series (S). 1/2P indicates 1/2 of a 3" cell. 

1 sc	 Short Circuit Current, Adc 

Current, Adc, measured at VM 

VM	 Voltage, Vdc, at approximate maximum power point 

VOC	 Open Circuit Voltage, Vdc 

PM = Maximum Power, Watts 

CASE OPERATING TEMPERATURE 	 STORAGE CONDITIONS 

Tc TA + 250C (w/o wind)	 Temperature (ambient): -40 0C to +800C 

TC = TA + 150C (w/> 1 m/s wind)	 Weight: 4.3 lb, 2.0 kg (36 1/2 cell module) 

9.2 lb, 4.2 kg (36 cell module) 

OPERATIONAL CONDITIONS 	 12.0 lb. 5.4 kg (48 cell module) 
Electrical insulation to ground: 600 Vdc minimum 

Temperature (ambient): -400C to +800C 
Wind: constant velocity - 160 Km/hr (100 MPH) maximum 

gust velocity - 200 Km/hr (125 MPH) maximum 

MECHANICAL SPECIFICATION 

Shock: 0.4 m (15 inch) drop per MIL STD BlOB, Method 516, Procedure V 

Vibration: per MIL STD 8108, Method 514, Procedure X 

Snow loading: 290 Kg/m 2 (60 lb/ft2 ) maximum 

MOTOROLA Semiconductor Products Inc. 



PHYSICAL DIMENSIONS 
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48 CELL MODULES
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MOTOROLA Semiconductor Products Inc. 
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FIGURE 1 - TYPICAL SINGLE CELL CHARACTERISTICS 
(Nominal 3" diameter cell, encapsulated, 

case temperature 250C, cell temperature 31°C) 

1.6 

1.4 

	

1.2
	

PM 

1.0 

0.8 
I-

0.6 

0.4 
C

0.2

	

0	 0.1	 0.2	 0.3	 0.4	 0.5	 0.6 
V0 - OUTPUT VOLTAGE (Vdc) 

FIGURE 3 - NORMALIZED CURRENT/VOLTAGE
CHARACTERISTIC AT SPECIFIED CASE TEMPERATURES 

	

1.2i	 1	 1	 1	 1	 1	 1	 I
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FIGURE 4 - TYPICAL POWER OUTPUT VARIATION 
WITH TEMPERATURE 
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V0 -OUTPUT VOLTAGE (NORMALIZED) 	 TC - CASE TEMPERATURE (°C) 
NOTE: Case temperature is typically 20 0 C above ambient, for 

100 mW/cm 2 irradiation, free convention cooling. 

FIGURE 5 - MOTOROLA SOLAR PHOTOVOLTAIC MODULE SECTION SHOWING CONSTRUCTION DETAILS AND 
INTERNAL ARRANGEMENT OF CELL INTERCONNECTION 

,Glass Glazing

MOTOROLA Semiconductor Products Inc. 
BOX 20912 • PHOENIX, ARIZONA 85036. A SUBSIDIARY OF MOTOROLA INC. - 
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(^^ MOTOROLA
MSP 43A40 

BOX 20912 • PHOENIX, ARIZONA 85036 

The MSP43A40 utilizes advanced technology 100 mm X 100 mm 
(4" X 4") square cells to provide maximum power in minimum space. 
The 33 series cell module provides more 12 volt battery charging 
current per watt of module powerthan modules with a higher number 
of cells. Both analysis and tests have proven that the 33 cell 
configuration provides ample charging voltage in all climates. 
Balance-of-system costs are reduced by increased packing density. 
All materials and construction techniques have a proven history of 
reliability. 

High Packing Density (82% of total area) using 100 mm X 100 mm 
square cells 
High Reliability due to Redundant Interconnects 
Across-The-Cell Contacts Eliminate Potential Power Loss Due to 
Cracked Cells 
33 Cells in Series 
40 Watts Peak Power 
Maintenance Free Construction, Tempered Glass Superstrate, 
Stainless Steel Frame 
Low Cell Temperature, NOCT 45C 
Metric Dimensions, 340 mm by 1200 mm 
Designed to Exceed JPL Block 4 Requirements 
Exceeds National Electrical Code 

THIS DOCUMENT CONTAINS INFORMATION ON A NEW PRODUCT, MECHANICAL AND 

ELECTRICAL INFORMATION IS SUBJECT TO CHANGE WITHOUT NOTICE

APPLICATIONS 
Village Power 

Remote Communications 
Offshore Equipment 

Cathodic Protection 
Forestry Equipment 

Boats 
Instrumentation 

Water Pumping 
Microwave Relays 

Navigational Aids 

Portable Equipment 
Emergency Phones 

Cabins 
Remote Refrigerators 

SYSTEMS ENGINEERING 
In addition to photovoltaic modules, we can 

supply other system components, including 
voltage regulators. steel support Structures, 
batteries and related wiring. 

Our staff of application engineers is avail-
able to assist you in system definition and 
system sizing. 

45	 4/26179



MSP43A4O

CONDITIONS	 AIR MASS 1.5
SC 

TYP
1M	 AT	 v0 

MIN

VOC 

TYP

PM 

MIN TYP 

28C. 100 mW/cm 2 12.6 2.3 15.8 19.5 36.5 40.0 

TA = 20G. T	 = SOC. 100 mW/cm2 2.6 2.3 14.3 17.9 33.3 36.6 

TA = 20G. T	 = 45G. 80 mW/cm 2 2.1 1.9 14.4 17.9 26.9 29.5 

TA = 40G. T	 = 65G. 80 mW/cm 2 2.1 1.9 13.0 16.4 24.6 27.1

'sc = Short Circuit Current, Adc 

im = Current, Adc. Measured at VNO 

VNO = Nominal Operating Voltage, Vdc, is the Reference Voltage Level at which the Modules 
are Designed to Provide Maximum Power Output at Specified Operating Conditions. 

V0 = Open Circuit Voltage, Vdc 

P M Maximum Power, Watts 

TA = Ambient Temperature, C 

TC = Cell Temperature, C 

Temperature Coefficients: 
TC VOC = -0.0022 V/C/Cell (Series) 

TC VNO = -0.00213 V/C/Cell (Series) 

TC Isc = 0.00159 A/C/Cell (Parallel) 

TC I M 0.00159 A/C/Cell (Parallel) 

Voltage Changes: VOC decrease 2% when irradiation decreases from 100 mW/cm 2 to 80 mW/cm2 

VNO does not change appreciably with changes in irradiation level 

Outside Dimensions (Nominal): 336 mm x 1200 mm (13.2 in. X 47.2 in. X 1.5 in.) 

Weight (Nominal): 5.7 Kg (12.5 lb.) 
Shock: 0.4 m (15 inch) drop per MIL-STD-810B, Method 516, Procedure V 

Snow Loading: 290 Kg/m 2 (60 1b/ft2 ) maximum 
Vibration: per MIL STD 810B, Method 514, Procedure X 

Cover Glass: 0.125 in. tempered Solatex 91.6% transmittance 

Encapsulant: Polyvinyl Butyral 
Cells: 33 in Series, 100 mm X 100 mm Square Single-Crystal Silicon, Part No. MSPC2300S 
Back: Aluminized Tedlar® (Polyvinyl Fluoride) 
Edge Sealant: Butyl Rubber 
Frame: Type 304 Stainless 
Interconnect (Cell): Three continuously Bonded Copper Ribbons Across Top and Bottom of Cells. 
Connection (External): Junction Box with Binding Posts 

1600 Vdc minimum 

Temperature (Ambient): -40C to 60C 

Nominal Operating Cell Temperature: 45C at TA 20G. 80 mW/cm 2, Wind at 1 m/s, Module Tilted 

Wind: Constant Velocity, 160 Km/hr (100 mph) maximum

Gust Velocity, 200 Km/hr (125 mph) maximum 

-40C to +60C

BOX 20912 • PHOENIX, ARIZONA 85036 • A SUBSIDIARY OF MOTOROLA INC.

4/26/79 
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This page has been removed because of copyright information. 
For information on the MSPS 3 H4WG and MSPSZHZWP, Solar Array 
Support Structures, contact Motorola Inc. , Box 20912, Phoenix, AZ 
85036.
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This page has been removed because of copyright information. 
For information on the MSPS3H4WG and MSPSZHZWP, Solar 
Array Support Structures, contact Motorola, Inc., Box 20912, 
Phoenix, Arizona 85036.



MOTOROLA SOLAR PRODUCTS 
PRICE LIST 
Effective 1/15/79 

MSP Series Solar Modules  

0 0 ,-
4 4 Ci 0 0 0 0 

0. 
U) U) U) U) U) co 

QUANTITY WATTS 16.3 18.3 20.0 21.7 24.3 26.5 

1-9 $ Each 411 461 576 488 547 684 
$/Watt 25.20 25.20 28.80 22.50 22.50 25.81 

10-24 $ Each 317 356 445 378 423 529 
$/Watt 19.45 19.45 22.25 17.41 17.41 19.96 

25-99 $ Each 289 324 405 343 384 480 
$/Watt 17.70 17.70 20.25 15.80 15.80 18.11 

100-up $ Each 270 303 379 321 360 450 
$/Watt 16.56 16.56 18.95 14.80 14.80 16.98 

MSPR Series Voltage Regulators  

MSPR125LXXt 100 W Voltage Regulator Master Any Oty $90.00 each 

t4, 6, 8, 12 or 24 Volts only 
Consult factory for other voltages.  

MSPR125LS	 100 W Voltage Regulator Slave Any Qty $78.00 each 

Wiring Harness $10.00 per module 

MSPS Series Support Structures 
Support Structure 1-9 (modules) $57.00 per module 
(Standard Mount) 10-up (modules) $46.00 per module

All prices quoted are FOB Phoenix, Arizona and are subject to change without notice. 
"X" represents A, B, D or E, which defines solar cell electrical interconnect configuration, e.g., MSP01 D10 defines 4 cells in parallel by 12 cells 
in series. See data sheet for additional description.

MOTOROLA INCA 
Solar Product Marketing, P.O. Box 2953, 
Phoenix, Arizona 85062 	 (602) 244-5458. 
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MOTOROLA SOLAR 7RODUCTS 
PRICE LIST 
Effective 8/1/79 

MSP Series Solar Modules 

QUANTITY WATTS 8.0 24.3 40..0 
1-9 $ Each 281 547 766 

$/Watt 35.12 22.50 19.15 
10-24 $ Each 218 423 620 

$/Watt 2725 17 41 1 1550 
*	 25-99 $ Each 197 334 590 

S/Watt 24.62 15.80 14.75 
536 

13.40 
100-up $ Each 

S/Watt

185 
23.13

360 
14.80

1979 * MR 43A40 Available After October, 

MSPR Series Voltage Regulators  
MSPR125LXXt 100 W Voltage Regulator Master Any Oty $90.00 each 

t4, 6, 8, 12 or 24 Volts only 
Consult factory for other voltages.  

MSPR125LS	 100 W Voltage Regulator Slave Any. Oty $78.00 each 

Wiring Harness $10.00 per module 

MSPS Series Support Structures 
Support Structure 1-9 (modules) $57.00 per module 
(Standard Mount) 10-up (modules) $46.00 per module

All prices quoted are FOB Phoenix. Arizona and are subject to change without notice. 

MOTOROLA INC. 

Solar Product Marketing, P.O. Box 2953, 
Phoenix, Arizona 85062 	 (602) 244-5458. 
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MOTOROLA Solar Systems 

Please complete this form, fold and tape it for your postage-paid reply. 

REQUIREMENTS FOR PHOTOVOLTAIC POWER SUPPLY 

1. APPLICATION: 

2. GEOGRAPHIC LOCATION: 

LATITUDE: _____ 

3. TEMPERATURE: 

4. SYSTEM VOLTAGE: 

5. CURRENT DRAIN:

LONGITUDE: 

VDC NOM____ 

AVERAGE OPERATING CURRENT

ELEVATION:  

O F MIN ______________ OF MAX 

- VDC MIN __________ VDC MAX 

AMPS 

AH/DAY 

6. SPECIAL OR UNUSUAL CONDITIONS: 

7. NUMBER OF SYSTEMS REQUIRED IN: 1978 

1979 

1980 

Call or Write: 
Solar Marketing Dept. 
Solar Operations, All  
P.O. Box 2953 

Phoenix, Arizona 85062 
(602) 244-5459

From: 
NAME: 

TITLE: - 

COMPANY: 

ADDRESS: 

TELEPHONE:

51



FIRST CLASS 
PERMIT NO. 

2565

PHOENIX, AZ 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 

—Postage will be paid by:—

Motorola Solar Systems 

P.O. Box 2953 

Phoenix, Arizona 85062 

Attn: Solar Marketing Dept., Solar Operations, All  
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NATIONAL SEMICONDUCTORS LTD. 
TWX 610-421-3362 

2150 WARD STREET, MONTREAL, QUE. H4M 1T7 	 TEL. (514) 744-5507 
331 CORNELIA ST., PLATTSBURGH, N.Y. 12901 	 TEL. (518) 561-3160 
ALTRINCHAM, CHESHIRE, WA14 bR. TELEX 51 669 663 TEL. (061) 928-3417 

NATIONAL SEMICONDUCTORS LTD., founded in 1958, specialize in the design, manufacture and marketing 
of photoelectric devices. NSL's current product line includes Cadmium Sulphide and Cadmium Selenide 
photocells, silicon photodiodes and photovoltaic cells, high voltage optocouplers and customized optoelec-
tronic arrays and assemblies. On-going research and development is conducted in the general field of 
optoelectronics with present emphasis on fibre optics communications and solar energy. 

National Semiconductors has established facilities in Canada, the United States and the United Kingdom 
with a world-wide network of representatives and agents to assist the customer in the selection of their 
optoelectronic components and to provide after sales support. 

With 20 years experience in photodetectors, reference Fig. 1, NSL is able to provide design assistance with 
respect to a wide variety of standard products; or design to customers' requirements, a specialized opto-
electronic component where warranted. Specialization, in photodetectors, and stability, both with respect to 
detectors themselves and NSL as a source of supply, is the keynote to NSL's continuing success. 
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NSL OPTOELECTRONIC 
• PHOTOCELLS 
• PHOTODIODES 
• PHOTOTRANSISTORS 
• PHOTODARLINGTONS 

CdS & CdSe PHOTOCELLS 

Cell Typ. Min. Max. Max. 
Type F Dark PeaK Power 

P	 Res. M:i Volt. MW. Description 

SLo:: 75 130 70 50 C3Se PholDcou,duct've 
NSL 30 130 0 10 Cell	 i Hermetic Glass Fig. 27 
NSL 14 100 70 10 and Metal 10-18. 
N 5:	 - 550 000 250 50 hermetic C6S and 
:...315 260 1000 250 50 orioxy coaled	 open 
'S L217 110 1000 250 50 pill	 versions also Fig. 28 
NSL-318 50 500 120 50 available. 

'ISL-433 200 300 2000 1000 COS Pt'oloccndactive Fig. 1 
NSL-44.1 120 100 2000 1000 Cell in Hermetic Glass 
NSL 0 45 25.0 15 420 1000 arid	 Metal	 1.25' D-a. 

SL-446 514 s 420 1000 Case. Epoxy coated 
NSL-447 5.5 i 420 1000 OPes pill"	 ersions Fig. 2 

aiso available. 

tSL . 461 CS 80 80 US 
NSL . 482 28 20 30 Ptiotoconductve 
NSL . 463 12 27 80 Cil	 'n hermetic 
hSL463 52 07 00 Glass aria Metal '.' Fig. 3 
NSL465 550 160 200 Cia	 Case	 Hermetic 
.SL 4S6 230 20 250 CdSe versions 
1460 467 100 4 250 also available 

tSL-481 .130 65 120 200 C6S Photoconductive 
MSL . 482 18.6 15 120 200 Cell	 ri Hermetic Glass Fig. 4 
'ISL-483 8 1.8 120 200 and Mclxi TO-S. 
!VSL-484 3.5 0.25 120 200 Hermetic CdSe and 
NSL-405 330 200 210 200 exoxy coated "Open 
FISL486 155 130 250 200 P11" versions also Fig. 5 
NSL-487 66 20 250 200 available. 

NSL . 294 .75 10 70 500 CdS Se photo- Fig. 6 
NS1297 7.5 100 250 500 conductive cell 

NSL-3921 4.0 2 80 2C0 CdSe Photoconductive Fig. 7 
NSL3931 1.7 2 80 200 Ceti in Plastic Case. 
9S1-3941 0.75 1 30 200 Glass Lens and Epoxy 
NSL-3951 40.0 20 320 200 Coated	 O pen P11'	 and 
'ISL-3961 17.0 20 320 200 COS versions also Fig. 8 
NSI . 3971 7.5 10 320 200 asaslable 

NSL-491 9.3 14 80 500 
NSL 492 4.0 3.2 80 500 CdS Photoconductive 
NSL-493 1.7 0.4 80 500 Cell in Hermetic Glass

Fig. 6 NSL-494 
NSL495

0.75 
40

0.05 
32

30 
320

500 
500

and Metal 10-8. 
Hermetic CdSe version 

NSL-96 17 40 320 500 also available. 
NSL-497 7.5 0.54 320 500 

NORP-11 20 2.5 320 CdS Photocell 
NORP12 9 1 320 in	 lensed. Fig.	 11 

y1OFP13 4 5 320 epoxy package.

PHOTODETECTOR LAMP ASSEMBLIES 

CdSe Photodetector 

	

Emitter	 Detector 

	

Cur .	 Max.	 NrC. 
Module	 rent	 ON	 OFF Max. Max. 
Type No. Volts	 MA	 Res. .: Rex. M.l Volts Power 	 Description 

P110331	 10	 15	 100	 0	 00	 250	 Phenolic 75' 
P1 . 1036-1	 10	 15	 400	 100	 320	 250	 x 75" a 625 
PL 2 1-133-1	 200	 2	 100	 10	 80	 250	 Pin Leads for 
PL 2H36-1	 200	 2	 400	 100	 320	 250 P.C.Board	 Fig. 9 

PL . 2A33 . 1	 100	 2	 150	 113	 80	 250	 Mounting. 
PL3436-1	 100	 2	 500	 100	 320	 250	 Matched. 
PL-5S33 . 1	 2	 25	 200	 10	 80	 250	 Mull-Detector 
FL-5S36 . 1	 2	 25	 2000	 100	 320	 250 Configurations 

also available.) 

P11-10384	 10	 15	 250	 10	 80	 100 
PLT . 10387	 tO	 15	 3.000	 100	 320	 100 Standard 
PLT . 2H384	 200	 2	 500	 10	 80	 100 tube:	 Fig. 10 
PLT . 211387	 200	 2	 10000	 100	 320	 100	 Axial 
PLT . 3A384	 100	 2	 750	 10	 80	 100 leads. 
PLT-3A387	 100	 2	 15000	 100	 320	 100 

PLS . 5S380	 2	 25	 250	 10	 80	 100 Small tube:	 F'	 12 PLS . 55387	 2	 25	 4000	 100	 320	 tOO Axial leads. 

PLM53310	 2	 25	 500	 10	 00	 50Miniature 
PLM . 53317	 2	 25	 5000	 100	 320	 50

	
tube.	

9. 13

Axial leads

• PHOTOVOLTAIC CELLS 
• OPTICALLY COUPLED ISOLATORS 
• OPTOELECTRONIC ARRAYS 
• UV/BLUE SENSITIVE LDRs 

Silicon Photodetector
Coupled 

Emitter	 Detector	 Characteristics 
Typ.	 Curr.	 Rise 

Cur-	 Dark	 Trans.	 Fall 
Module	 rent	 Mix.	 Cu'r.	 Ratio	 Time 

Type Na,	 Volts	 MA	 BVcE	 nA	 .0cc Description 

PLY-6S610	 55	 50	 30	 1	 30	 5 Miniature 
PLM-6S550	 5.5	 53	 53	 2	 3.1	 1 Tube. Axial Fig. PLM . 5S910	 1.5	 50	 15	 20	 1000	 70 Leads.	 Isola- 

lion, 2.5 kV 

P1S-6S610	 1.5	 50	 30	 1	 30	 5 Small Tube, 
PLS-6S510	 1.5	 50	 50	 2	 0.1	 1 aa,al leads.	 Fig.	 12 
PIS-6S910	 1.5	 50	 15	 20	 1000	 73 Isolation: 5kV. 

PIN PHOTOEJIODES 

Light 
NSL	 Current	 Dark	 Rise	 Fall 

Type No.	 MA	 Current	 Time	 Time Description 

jU 539	 3	 1-3 iA	 3 riS	 33 1018 Pacuage	 Fig. 14 
0SL . 140	 3	 500 ri,	 1	 uSec	 1	 iSec	 .4' a.4'	 Chip 

- 8aC Package 

Al 530 Ftc	 25 MW/rr.2i 2870 K Source 

SILICON PHOTODIODES 
Minimum Mm, Dark Reverse 

Short Open Curr. Voltage 
NSI. Cut.' Ckt. ...A	 1 V Recoin. 

Type No. Curr. MA Volt, 1' 55°C Maximum Description 
NSL-701-1 030 035 10 5 .1" x .2" Chip. Fig. 16 
lSL-301-1 0.325 0.275 5 10 Wire Leads 

NSL-701 . 9 0.30 0.35 10 5 element Cell. 

NSL-702 0.6 035 10 5
0.1" Spacing 
.2'n	 2" ChIP.

Fl g. 17 

NSL-802 0.65 13275 5 113 Wire Leads 
¶ISL-703 1.4 -6- _35 40 5

-- 
.2" a .4" Chip - Fig	 18 lSL-803 1.5 0.275 20 10 Wire Leads 

NSL-705 4.5 035 50 5 76	 n	 '"
Ft	 19 NSL-805 4.77 0.275 25 10 WiLeads 

FiSL.706 2.9 0.35 40 5 .4'	 .4'	 Chip. Fig. 20 NSL-806 3.0 0.275 20 10 Wire Leads 
.NSI-707 3.3 035 50 5 u	 1nip. .2	 " C Fig. 21 .4SL6Q7 3.5 0.275 25 10 Wire Leads 
NSL- 708 1 3 035 30 5 .1" a	 1 ' Chip.

22 NSL808 1.3 0.275 15 10 Wire Leads 9. 

NSL810 0.150 0.275 1 io TO-18 Package Fig. 23 

NSL-751 1.4 0.35 40 5 0.5' 4-a. F	 24 9. NSL-851 1.5 0275 20 10 Epoxy Package 
NSL-781 0.28 0.35 10 5 Hermetic	 . NSL-881 0.3 0.275 Case Fig. 25 
NSL-782 0.42 0.35 10 5 
NSL-701 0.60 0.35 10 5 Hermetic 10.8 Fig	 26 
NSI . 792 1.1 0.35 30 5 Case 

¶'ISL 8932 065 3,275 5 iO Fig. 15 

01 500 TIc	 25 'vtW/cm2i 2870 K Source 

SILICON PHOTOTRANSISTORS & 

PHOTODARLINGTONS 
Dark 1cwEo	 cv 155 

ICEO 2500 - nA 
NSI. MA,'LSV 

Type NC. Mm. Typ. MW/cmx	 Typ. Max, Description 

NSL-610-1 2 1	 10 1 Q 10-18 Encased 

NS1-6103 1 3	 10 1 50 Power Rot. 
NSL.61O-6 4 6	 10 1 50 Dissipat.on' Fig. 23 
NSL-610-9 7 9	 10 1 513 25°C 200 mW, 
NSL611 8 15	 10 10 100 3Vc.o 30 volts 

NSL910 1 6 20 .1 250 T0-18.BVcco 
is V 

UV/ BLUE SENSITIVE LDRs 

Type 1	 Mm.	 Max.	 Max. 
Cell Ftc.	 Dark	 Peak	 Power 

Type No. Rex. K"	 Res. M"	 Volt	 MW Description 

Fa SL 2129/3 2	 5	 33	 230 .5 '	 Plastic	 Case	Ret,  

'ISL 21206 23	 1	 320	 :00 Ls"z	 Fig. 7 

%',L '93 30	 15	 13	 . .:

55 
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Fig. 12	 1 

Dims-1 Inches Millimeters 
Mm. Max. Mir,. Max. 

A .316 .323 8.02 8.21 
8 .618 632 15.85 1605 

• C .195 .205 4.96 5.20 
•: 4182 0192 4462 48.8 
E_ 024 4028 .81 .64 -

019 .021 .48 .53 
. 1.5 Nominal 38.1 Nominal 
H .75 Nominal 19.05 Nominal

A. 

tF 

Dims. Inches Millimeters 
Ref. Mm. Max. Mm. Max. 

.305 .315 7.85 8.00 
: 8 : ..29.. .315 7.38 8.00 

C 1.5 Nominal 38.1 Nominal 
0 1.0 Nominal 25.4 Nominal 

: 6 : .095 .105 2.41 2.68 
F .016 .019 .41 1	 .48 

Fig. 14 -es°.H

IF 

=

3. 

.,.	 •...__

5.21............. 

01m g . Inches J	 MlIlliters 
Ref. Mm. I	 Max. I	 Mm. Max. 
A. 78 .88 4.52 4.78 

4.96 
QZ 1.91 2.03 

O .075 .080 1.91 2.03 
O .5 Nominal. 12.8 Nominal 
F .316 .019 .41 .	 .48 

I.
	

H 
.J .033 .048 .84 -	 1.22 

HK .096 .104 2.43 2.65 
L. .105 .115 2.68 192 

202	 3	 52	 541 
i	 --'i 

E^

1E
2 

Fig. 15	 ,K	 . L 
Dims. Inches Millimeters 
Ref. Min.-- Max. -Min. Max. 

LA 357 367 935 
8	 .303	 .313	 7.70	 7.94 
C	 .065	 .075	 1.66	 1.92 
0	 .260	 W	 6.61	 6.86 
--	 -	 - 

 

F	 Th	 .021	 .049	 .053 
H.124	 .188	 3.17	 4.78 

K	 .010	 .020	 .026	 .051 
1.	 -	 .045	 .115 

1 

Fig. 16
SENSITIVE AREA

red 

It 

FLC 2A 
it,d.d. PVC INS. 

551.701 .501 

D i ms. Indies Millimeters 

Ref Mm.	 Max, Min.	 Max. 

A 095	 .105 2.41	 2.66 
9 .080	 .090 2.03	 2.29 
C .195	 .205 4.95	 5.20 
0 6.0 Nom. 152	 Horn. 

'6 1 5	 .30
31
	 7.62 

F 030	 .060 .76	 1.5 

l......i±........ 150	 .160 381	 4.06

Fig. 17	 -c--- o---- 

S8NIITIV8 
AREA 	 m. S2AWG 

PVC INS. 

551.402 1802 

Dims. Inchxs Millhl,ters 

Ref. Mm. Max. ax. 

A .189 .195 94 
L 145 '155 24. 
C .185 .195

il 

94 
0 6.0 Nom. 1 52. . 
6 15 .25 3
F .030 050 27
1 .170 .180 57 

Fig. 18

SOLDIER	
F- C - . if,a	 PVC INS. 

CONTACTS

RED 

--

SENSITIVE 
- AREA 

I
Dims. Inches	 . Millimeters 

Ref. 
-

Mm. Max. 
A_ .195 205 
B .152 .162 
i .390 .410 
0 6.0 Mom.

ffl4.355 

.15 .25 
F .030 .050 

.375 .390 

Fig. 19	 ._	 A'	 - 
- RED -. 

SLACK
0 

C.
NSL - 705I 805 

Dims. :ncoes MIlhrnelCrt 

Ref. Mm.	 . Max. Mi Mao 

A .50 .770 -19.02 1972 
B .349 .359 9.85 9 18 
C .050 750 1.21 1.41 

• .040 .350 1.01 1.21 
E 60 7,i,	 .oax, 52. Mo	 Lnos 

Fig. 20	 0

SLACK-

- SENSITIVE ARIA 

no.32 AWO 
slrundsd	 - 
PVC ins. 

1451 . 706/ 806 

Dims. InOnes Mi'l,n'elcrs 

Ref. Mm Mao. MiO. Max. 

A 390 -.010 10.0- 10.4 
5 .334 364 9.4 9.2 

_C, .390 1	 410 10.0 1 0. 4 
0 50 Non, 152 Horn. 

19	 NCr',. 49 No.0. 
.040 .050 1 02 -	 1.28 

H' 375 .385 94 9.8

57.

Fig. 21 - 

FH-.1 
I .01==.__J - BLK. 

...i 

- - F
 SENSITIVE stranded 

AREA	 PVC INS. 

N SL-707/807 

F Dims. lrlcAOs 

Pci Mm, Max. Mi',, Max 

4 190 210 4.8 5.35 
9 '.150 .160 3.81 4.061 
C 0.99 lOt 25.14 25.65 
0 60 '-Jon' 152 non' 

5,32 7,32 4 55 
02o 050 0.76 1,27 
975 .995 24.76 25.27 

Fig. 22 -c 

B1 

F SENSITIVE	 no. 32 AWO. 
AREA	 sUsnd.d 

PVC INS. 

NSL-708 808 

Dims. nths - Miliin'eters 
Ref Mdi. Max. Mi',. Max. 

A .C90 -	 110 2.3 .2.9 
C ,C50 060 1 27 •.52 
C 0.99 1.01 25.1 2565 
0 6.0 'Jon'. 152 Non,. 
- 532 7/32 4. 55 

.030 .050 0.76 1,27 :_

.975 1	 .995 1	 24.16 1	 25.27 

Fig. 23

0-11-	 ..	 JF1-_H 

SENSITIVE 
SURFACE 

NSL.7101510 

Dims. Inches Millimeters_j 
Ref. Mm. Max. Mm. Max. 

A .205 .215 5.21 5.46 
178	 1	 -.188 4.52 4.77 

C1 070 080 1.18 2.6,i3 
.370 80 1.79	 i _LQL 

E .220 235 5.59 5.97 
113 .120 279 304 

H I'	 NomInal 25.4 Nomioxl 

.-) .017	 I .019 .43 45 
.796	 1 .104	 1 2.44	 1 2.84 

Fig. 24	 '	 '-	 -- B-' F --.- ..-

C
- 

- SENSITIVE' 
SURFACE 

•	 551.751 ,x51 

Dims.	 Inches Millimeters 

Sal.	 Nun, Max. Mil'.. I	 Max. 

A	 1.497 .512 12.8 13.0 
8	 .270 f	 .290 6.85 7 38 
C	 .460 .470 11.75 12.00 
0	 1	 285 .305 7.22 7.75 

.130 .150 3.32 3.8 
F	 '
	

5.0 Nom. 152,0Nom. 
H	 .	 .19 Non,. 15.. Morn. 

I	 No. 32 AWO 7 Strand PVC 
K	 .	 .180	 I	 .200	 4.58	 5.08 
1.	 .380	 .400	 1	 9.68	 10.25
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a4 

	

-0---	 '-MEG. LEAD 

-SENSITIVE 
SURFACE 

NSL-761 /861 

Dims. Inches Millimeters 
Rat. Mis Max. Min. Max. 

A .355 365 920 928 
B 320 330 8.13 8.38 
C 180 .190 458 482 
0 235 245 5.98 6.22 
6 .145 .155 3.69 192 
F 085 095 2.15 241 
H 150 160 38. 408 

016 .019 41 .48 
K	 ] .235 .245 5.98 6.22

Fig. 26	 liD DOT 

PTNE	 ---61-

SFL

-s 

NSL-781 /891 

8.1 Mi' Max Min Max. 
A 152 162 3.85 411 
5 039 1	 049 99 ¶26 
C C96 04 1, 246 2.54 
0 1 53 NOm.nai 389 
LI o

1
988 

L02' 1	 028 61 66 
LEADS	 SOLDER COATED 

CO PPER WE (.0 

Dims Iricnes	 MiIlirne1ers 
Ref. PA: n. Max.	 Mi. 

A .545 565	 1384 14,10 
8 481 491	 1221 12.46 
C 185 195	 470 4.95 
3 145 155	 368 3.94 
E	 . 200 .226	 1	 5.08	 1 5.73 
F 031 101	 2.31 2.56 
H 1.50 150	 3810 40.64 
J 016 019	 40 48 
L 290 300	 7.36 T1 
M 025 

Fig. 27
	

Fig. 28 
S(1TI59 

-- 
P,,t

--- 
'A	 Mx

-
Mi,,.

- Mi 
A 82	 93 462 4O 

205	 1	 215 521 546 
C 140	 1	 150 356 38! 
' 015	 335 381 636 

096	 104 242 266 
5 NS L0L. 380 o,.,,,,ai - 

_G 016 019 410 1	 482 
H - 50 160 38! -TT- 

L 202 - - 
- - 010 020 254 1	 556 
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NSL COVERS THE SPECTRUM 
CdS	 CdS/Se OdSe	 SILICON	 TUNGSTEN 
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NSL-701 /708 
NSL-801 /808 OPEN SILICON PHOTOVOLTAIC CELLS

0 
-4 
0 
C, 

F 
W 
C 

I-
m 
.4 

Z 
Z 
P 
U, 0 

-i 

GENERAL DESCRIPTION 
Silicon cells are generally used for light sensing and power generation 	 - - 
because of their stability and high efficiency. No additional power supplies	 ---- - .----
are usually required due to the cells' photovoltaic properties. In power 
conversion applications, the cells' low internal impedance, relatively high 
shunt impedance, stability and humidity resistant characteristics are utilized 
to convert light directly into DC power or for storage in chargeable batteries, 
etc. When cells are connected in series, the output voltage is additive, while 
in parallel configurations output currents are additive. 
Open silicon cells also provide a reliable, inexpensive detector for instru-
ment and light beam sensing applications. NSL cells are generally of N on 
P construction but reverse polarity P on N devices can also be provided. 
Although standard NSL cells are offered with leads and a clear protective 
coatina, uncoated cells without leads are available o 	 a 	 see Notes 
(1) and (2).  	 - .-.. 

FEATURES 
• Quick response 
• High reliability, long life 
• Protective, humidity resistant coating 
• Operating Temperature Range: - 65°C to 125°C 
• Ideal for moderate reverse (bias) voltage operation 
• Short circuit current linear over wide ranges of illumination 
• Choice of low capacitance, high speed 800 material or the higher open circuit voltage, 700 series 

NSL-701	 .3 1	 39
OWN &	 ,..	 .  

.35	 .4	 3.	 1	 6.	 1	 3.000	 5	 1	 .09501 10.51	 1I	 x 	 Chip, Wir• L..di	 Fig. II 

NSL-702 .6 .77 .35 .4 5. 10. 6.000 5	 .1870 5.32	 .2	 x.2	 Chip. Wire.Luds; Fig. 12 

NSL . 703 1.4 1.8 .35 .4 15. 30. 13,500 5	 .439 2.28	 2' it 4. '	 Chip, Wire Luds; Fig. 13 

NSL-705 4.5 5.75 .35 .4 25. 50. 50.000 5	 1.59 .713	 .76z.354" Chip. Wire Leads; Fig. 14 

NSL706 29 3.7 .35 .4 20. 40. 27,500 5	 TY 1.11	 .4	 t4	 Chip. Wire Leads; Fig. U 

NSL707 3_ 4.3 .35 .4 25. 50. 35,000 5	 1.041 .95	 .2" x i	 Chip. Wire Leads; Fig. 16 

NSL-708 1.3 1.7 .35 .4 1	 15. 30. 16,500 5	 .402 2.41	 -I	 I'	 Chip, Wire Lud. Fig. Il 

NSL-801 .325 .4 .275 .3 1.5 3.0 375 10	 .095 10.9	 .1	 x2	 Chip, Wire Leeds; Fig. II 

NSL-802 .65 .8 .27 .3 2.5 5. 750 10	 .187 5.45	 .2" '.2	 Chi
p
. Wire Leeds; Fig. 12 

NSL-803 1.50 1.9 .275 .3 7.5 15. 1,700 10	 TF 2.29	 .2' x.4	 Chip. Wire Leads; Fig. 13 

NSL-805 4.77 6.1 .275 .3 12.5 25. 6,200 10	 15 .714	 .76'&.354' Chip, Wire Luds	 Fig. 14 

NSL. 806 3. 3.9 .275 .3 10. 20. 3,450 10	 892 1.12	 .4' 1.4"	 Chip, Wire Lsads;Fig. U 

NSL-807 3.5 4.5 .275 .3 12.5 25. 4.350 10	 f54 .97	 .2" ii'	 Chip. Wire luds; Fig. 16 

NSL-808 1.4 1.75	 1 .275 .3 7.5 1	 15. 2.100 10	 .402 2.49	 .1' xl"	 Chip, Wire Leads; Fig. II

* The light source is Tungsten Lamp at a color temperature of 2870'K 
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IRRADIANCE (mw/cm2) 
5	 10	 15	 20	 25 

100	 200	 300	 400	 500 
ILLUMINATION - FTC 

Fig. (1): SHORT CIRCUIT CURRENT CHARACTERISTICS 
The short circuit current is extremely linear over wide 
ranges of illumination.

IRRADIANCE (mw/cm2) 
5	 10	 15	 20	 25

S 

.4	 __.;._..,...f

L.. 

100	 200	 300	 400	 500 
ILLUMINATION	 FTC 

Fig. (2): OPEN CIRCUIT VOLTAGE CHARACTERISTICS 
Open circuit voltage is generally independent of active 
area and varies logarithmically with linear variations of 
illumination. 

-'-' 7 r'-r-7---.-.:. 

NATIONAL SEMICONDUCTORS LTD. 
TWX 610-421-3362 

2150 WARD STREET, MONTREAL, QUE. H4M 117 	 TEL. (514) 744-5507 
331 CORNELIA ST., PLATTSBURGH, N.Y. 12901	 TEL. (518) 561-3160 (7	 . ALTRINCHAM, CHESHIRWA14 iDA. TELEX 51 669 663 TEL. (061) 928-3417 
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Fig. (3): 700 SERIES	 FIG. (4): 800 SERIES 

TYPICAL VOLTAGE/CURRENT CHARACTERISTICS 	 TYPICAL VOLTAGE/CURRENT CHARACTERISTICS 

The output current developed into a load Is a function of illumination level, the load 
resistance and photosensitive active area. 

0.1	 0.2 .	 0.3	 0.4	 0.5	 0.6	 0.1	 0.2	 0.3	 0.4
	 0.5 

OUTPUT VOLTAGE - VOLTS 	 OUTPUT VOLTAGE. - VOLTS 

Fig. (5): EFFECTS OF TEMPERATURE OF 700 SERIES 	 Fig. (6):EFFECTS OF TEMPERATURE OF 800 SERIES 

I - V Characteristic: 200 FTC (10mW/cm2)	 I - V Characteristic: 200 FTC (10mW/cm2) 

Optimum power transfer Is obtained with a load Impedance which results in a voltage and 
current combination that yields maximum power output. Output current for maximum power 
and short circuit current normally remain constant over the operating temperature range 
ot the cell.	
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	 TYPICAL SPECTRAL ENERGIES AND RESPONSES 

200 300 400 500 600 700 800 900 1000 1100 1200

WAVELENGTH - MILLIMICRONS 

100 
UJ 

CC 80 
'U 
0.

60 
>

40 

20 

12	 3	 4	 5	 6

REVERSE BIAS - VOLTS 

Fig. (9): CAPACITANCE AS FUNCTION OF REVERSE BIAS 
Junction capacitance, which is constant per unit area of 
the cell at a given reverse voltage, has a major effect on 
the cell response time. Response time depends on load 
resistance, illumination level as well as junction capaci-
tance. Best control over response time can be achieved by 
selecting smaller active areas for faster response.

Fig. (10): TYPICAL SPECTRAL ENERGIES & RESPONSES 

• .- HUMAN EYE 

_______ TUNGSTEN 

SUNLIGHT 

---SILICON 

Dims. Inches Millimeters 
Ref. Mm. Max. Mm. Max. 
A .095 .105 2.41 2.66 
B .080 .090 2.03 2.28 
C .195 .205 4.95 1	 5.20 
D 6.0 Nom. 152. Nom. 
E .15 .30 -- 3.8 7.62 
F .030 .050 0.76 1.27 
H .150 .160 3.81 4.06

SENSITIVE AREA 

15
+ RED 

77

A B ç___ E -BLX.
° \ I	 .. 

F -IL-  
stranded 
PVC INS. 

Fig. II NSL.701/I01 

C -.4------ o-.--

: 

.	 SENSITIVE AREA
no. 32 A WO. 
stranded 
PVC INS. 

Fig. 12 N$I...702/502

Dims.	 Inches	 Millimeters 
Ref.	 Mm.	 Max.	 Mm.	 Max. 
A	 .185	 .195	 4.70	 4.94 
B	 .145	 .155	 3.68	 3.94 
C	 .185	 .195	 4.70	 4.94 
0	 6.0 Nom.	 152. Nom. 
E	 .15	 .25	 3.8	 6.3 
F	 .030	 .050	 .76	 1.27 
H	 .170	 .180	 4.31	 4.57 

Dims Inches Millimeters 
Ref. Mm. Max. Mitt Max. 
A .195 .205 4.95 5.20 
B .152 .162 3.86 4.11 

.390 .410 9.91 10.45 
D 6.0 Nom. 152. Nom. 

.15 .25 3.8 6.2 
F .030 .050 0.76 1.27 
H .375 .390 9.50 9.90

r no. 32AWG. 
SOLDER	 C -1	 \	 stranded 

CONTACTS	 PVC INS. 

A	 RED 

F L	 HçiL__o 

SENSITIVE AREA

Fig. 13 NSL.703/803 
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Dims. Inches Millimeters 
Ref. Mm. Max. Mm. Max. 
A .750 .770 19.02 19.72 
B .349 .359 9.85 9.18 
C .050 .060 1.21 1.41 
0 .030. .050 0.76 1.27 
E 6.0 Mm	 (Leadsl 152.	 Mm.	 (Leads) 

Dims. Inches Millimeters 
Ref. Mm. Max. Mm. Max. 

A .390 .410 10.0 10.4 
8 .334 .364 8.4 9.2 
C .390 .410 10.0 10.4 
0 6.0 Nom. 152. Nom. 
E .19 Nom. 4.9 Nom. 
F .030 1	 .050	 1 0.76 1	 1.27 
H .375 1	 .385	 1 9.4 1	 9.8 

- Dims. Inches Millimeters 
Mm. Max. Mm. Max, 

A .190 .210 4.8 5.35 
B .150 .160 3.81 4.06 
C 0.99 1.01 25.14 25.65 
0 6.0 Nom. .152 Nom. 
E 1	 5/32 1	 7/32 1	 4, 5.5 
F 1	 .030 1	 .050	 1 0.76 1	 1.27 
H 1	 .975 1	 .995	 1 24.76 1	 25.27 

A	 - 
RED

i:.::]
8LA
C:J- -.  

C
Fig. Ta 14181.405/eO5 
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BLACK.. ==13 
IED .  

_ E'..	 /SEP.fE AREA 
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Fig. IT NSI..706/1106 
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._ 
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 F	 SENSITIVE	 no. 32 AWG. 
AREA	 stranded 

PVC INS. 

Fig. 16 NSL-107/807 

Dims. Inches. Millimeters 
Ref. Mm. Max. Mm. Max. 
A .C90 [	 .110 2.3 2.8 
B .050 [	 .060 1.27 1.52 
C 0.99	 j 1.01 25.1 25.65 
D 6.0 Nom. 152 Nom. 
E 5/32 7/32 4. 5.5 
F .030 .050 0.76 1	 1.27 
H .975 .995 24.76 1	 25.27

h_cl 
jit 

II	 I	 "1
 

!__ F 	 SENSITIVE	 no. 32 AWG. 
AREA	 stranded 

PVC INS. 
Fig. 17 NSL-?Os/SOI 

NOTES: 

NOTE 1: Avoid handling leadless cells with bare fingers since they have no protective -coating as 
do cells with leads. 

NOTE 2: The cells' front and back electrodes are solder-coated. Electrodes may be soldered using 
60/40 tin-lead solder with an active flux capable of making a solder joint quickly to minimize 
heat, as excessive soldering temperatures can cause contact damage. Whenever possible, 
it is recommended that all soldering be done by NSL since it is possible to degrade the 
cells' characteristics with improper handling. 

NOTE 3: Output Current Scale Factor. This parameter can be used to calculate the short circuit 
Mu 01 the various devices under illumination levels other than 500 Ft-c and 25°C. For 
example, the short circuit current for the NSL-701 at 250 Ft-c illumination and room 
temperature can be calculated by obtaining the short circuit current per unit area df 2.05 
MA/cm2 for the 700 series at 250 Ft-c (Fig. 1) and dividing by the 701 scale factor of 10.5, 
giving typical output of 0.195 MA. 
This scale factor could also be used for calculating. typical capacitances at various reverse 
voltages by. using the data from Fig. 9 in a similar manner. Please note that capacitance 
calculated in this manner would only be first order approximation as contact areas must 
also be considered. For more representative data, contact NSL. 

NOTE 4: All characteristics are for 25°C free air unless otherwise noted.

:'-" "S 
J. )H'	 I 

NATIONAL SEMICONDUCTORS LTD. 
TWX 610-421-3362 

2150 WARD STREET, MONTREAL, QUE. H4M 1T7'- 	 - TEL. (514) 744-5507 
6z.	 '331 CORNELIA ST., PLATTSGURGH, N.Y. 12901 - - TEL. '(518) 561-3160 

ALTRINCHAM, CHESHIRE, WA14 1DR. TELEX 51 669 663 TEL. (061) 928-3417 
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SM 111/211 SILICON SOLAR MODULES 

NATIONAL SEMICONDUCTORS Silicon Solar Modules utilize 

individual photovoltaic cells which are interconnected 

and packaged to provide protection from the environment. 

Glass or ultraviolet radiation stabilized plastic covers 

are offered.

TYPICAL CHARACTERISTICS 

(@ 25°C and 100 mW/cm2 Sunlight) 

SM 111	 SM 211 

Peak output power
	 16.5 W	 8 W 

Short circuit current
	

1.2 A	 0.5 A 

Open circuit voltage
	 20V	 20V 

Dimensions: 24' x 18k" x 2" 

25Apr79	
• :. 63 Ref. Dwg. 5540



ATIuNL SEMICONDUCTORS LTD. 

NSL PHOTOVOLTAIC CELLS AS POWER GENERATORS 

Although NSL photovoltaic cells have been developed as sensi-
tive detectors of light for control purposes, they may of course be 
used to generate modest amounts of power. The source of this power 
might be the sun or even a tungsten lamp. A photovoltaic cell generates 
a voltage when illuminated and when it is connected to a load a 
current flows. 

The open circuit voltage, the voltage that would be read by 
a voltmeter, does not depend upon the size of the cell but only on 
the intensity of light falling on it. This voltage is not propor-
tional to. the light but follows a logarithmic law.	 It is a few tenths
of a volt in moderate room light but does not exceed .6 volt even 
in bright sunlight. 

The short circuit current that flows when a low impedance 
load is connected across the cell depends linearly upon the area of 
the cell and upon the intensity of the light. Usually, however, the 
load is neither zero nor infinite, a condition for the delivery of 
power to the load. The curves showing the current supplied to various 
loads and the corresponding voltages are known as the characteristic 
curves. Typical characteristic curves for two NSL photovoltaic cells 
are shown in fig. 1. and they illustrate the points that have been 
discussed. The area of the NSL-703 is twice the area of the NSL-702 
and it will be noted that the short circuit current of the NSL-703 
is twice as great. 

Power. In fig. l.b, one load line is shown. 	 This parti-



cular load line is chosen to obtain the maximum power for this parti-
cular level of illumination. 	 (The area of the shaded rectangle is 
maximized).	 In this example an NSL-703 under 500 ft-candles illumina-



tion produces 1.4 mA at a voltage of .3 volts or a power of .42 mw. 
In fig. 2. the characteristic curve is shown for an NSL-703 in full 
sunlight. Here power of 4 mw may be generated at 10 mA and 
.4 volts.

Efficiency. The total radiant power in full noon sunlight 
at the earth's surface is about 100 mw/cm 2 .	 Since the active area of 
an NSL-703 is .4 cm 2 it intercepts 40 mw of sun power. A cell 
generating 4 mw will then be 10% efficient in converting sun power 
to electrical power. This value of efficiency is typical of the 
NSL photovoltaic cells. 

Series and parallel connections. As seen above the silicon 
photovoltaic cell generates its greatest power at some particular 
voltage, generally about .4 volts in sunshine. 	 If it is necessary to 
generate a higher voltage to operate some device or to charge a 
storage battery, then cells may be connected in series until the 
required voltage is attained. The current generated will be the 
current of one cell. To provide more current will require larger area 
cells or the paralleling of series strings.	 In charging a battery
with photovoltaic cells, a precaution must be taken to avoid shorting 
out the battery by the cells during periods of darkness. The isolating 
diode shown in fig. 3. will prevent current from flowing from the 
battery through the photovoltaic cells which would be forward biased. 
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As a result of National Semiconductors' 20 years of 
specialization in the photoelectric field, NSL has built up 
complete capability in the areas of design, manufacture 
and test of all types of standard and custom optoelec-
tronic devices. Facilities include photosensitive and 
electrode vacuum disposition equipment, high volume 
activation furnaces, high speed lead attach equipment, 
automated multi-parameter photocell testers, photogra-
phic reduction equipment, ventilated clean benches,

diffusion furnaces, die and lead bonders, automated 
silicon slicing equipment, ultra sonic and controlled 
environment welding equipment, leak detectors, wave 
soldering and sand blasting stations, ultra sonic cleaners, 
high speed printers, scribing equipment, calibrated 
optical bench, UV light source, LED photometer, atomic 
absorption spectrophotometer, light meters, micro-
scopes, oscilloscopes, VTVMs, digital multimeters, etc. 

• PHOTOCELLS	 • PHOTOTRANSISTORS	 • PHOTOVOLTAIC CELLS 	 • OPTOELECTRONIC ARRAYS 
• PHOTODIODES	 • PHOTODARLINGTONS	 • OPTICALLY COUPLED ISOLATORS	 • UV/BLUE SENSITIVE LDRs 
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Whether it be: 
PHOTOCELLS for photoelectric smoke detectors, digital 
watches, water purifiers, photo-copiers, streetlight and 
photoelectric controls, or gas and oil flame detection: 
PHOTODIODES or PHOTOVOLTAIC CELLS for 
computer peripherals, optical character recognition,

telephone facsimile, photographic, security or 
communication systems; 
CUSTOMIZED OPTOCOUPLERS for electric heat 
controls, television receivers, electronic musical 
instruments or medical electronics; 
NSL has the optoelectronic component. 

\1 

J ii

REPRESENTATIVES AND DISTRIBUTORS WORLDWIDE 

BULLETIN 
No. 15028
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SOLAR POWERED ELECTRICITY & HEAT 
FROM ONE COMPACT SYSTEM 

iI 

OUR UNIQUE CONCENTRATORS COLLECT MORE ENERGY 

SOLECIRO THERMO INC. 
1934 Lakeview Avenue 

Dracut, Massachusetts 

01826 

(617)-957-0028	 . . • 
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S.T.I.Solar System 
WE'VE DESIGNED A COMPLETE SYSTEM - 
FOR SOLAR HEAT AND ELECTRICITY 
Our collectors generate both electrical and thermal energy - d 

total energy system to supply a large percentage of all of your 
home or business energy needs. Our thermal recovery syster 
combined with the solar reflectors, and tracking module colleci 
up to 75% of the available energy from the sun. 

WE CONCENTRATED THE SUN'S RAYS 
TO GIVE MORE ENERGY 
Our patented concentrators funnel up to 5 times more energy t 

the photovoltaic cells than standard flat plate collectors. If sol, 
energy levels are high, your electric meter may even run bacK-
wards (you'll be selling electricity to the power companies) or you 
can elect to store it in the system's batteries. 

WE MAXIMIZED THE ABSORPTION OF SUNRAYS 
IN THE MORNING AND THE AFTERNOON 
Our computerized tracking module senses the sun and mov 
the collectors to face it. 

THERMAL STORAGE 
Thermal storage makes heat available on many sunless days - ii 
needed it can be backed up automatically by a small burner. 

NO FREEZING - NO POLLUTION 
There's no water to freeze, no fluids to contaminate, and abso-
lutely no pollution. 

LONG LIFE EXPECTANCY - AS LONG AS 20 YEARS 
Only materials of the very highest quality are used. Maintenanc-  
costs are near zero. We give a one year warranty against defec 
and faulty workmanship. 

PAYS FOR ITSELF IN APPROXIMATELY 7 TO 10 YEARS 
Not only will you save on heat and electricity - the new saL., 
energy tax credits help to make solar power a practical solution 
for you, today. 

ADDITIONAL "PAYBACK" 
The use of new solar energy saving technology is good busine-
- it receives public attention and approval. Most importanti 
you will have the satisfaction of knowing that you've joined the 
nation's efforts to conserve energy. 

US. PATENT 4080,221 
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)ST EFFECTIVE, TECHNOLOGICALLY SOUND 

/ 
-	

4.

Unique Concentrators* 
collect more energy 
to provide you 
with economical 
Solar Heat & Electricity 

S.T.I. solar systems consist, typically, of several 4 by 4 foot weather-
tight modules arranged in one or more rows aligned in an east-west 
direction. Each module contains 33 or 36 solar cells and conical 
concentrators. 

The heat normally wasted in a purely photovoltaic system is recov-
ered in the S.T.I. modules by circulating air which is conducted to 
thermal storage for future heating requirements. 

The electrical energy produced by the solar cells is transmitted to 
storage batteries, ready for. use in powering your electrical needs - 
lights, business machines, computer, television, appliances - or even a 
stereo in your camper! 

The S.T.I. concentrators focus approximately 5 times the amount of 
solar energy than flat plate photovoltaic cells would receive. This results 
in higher electrical output per cell, a reduction in the number of cells 
required, and a reduction in the cost per kwh. This solar reinforce-
ment is aided by the sunlock capability of the concentrators which 
reduce the amount of energy re-radiating to the atmosphere. 

The S.T.l. cell/concentrators are mounted on heat sinks that are 
pivoted and linked to an actuator that tilts them at the command of a 
computerized sun sensor. The sun is tracked throughout the day with 
three angular positions, increasing energy reception. 

Fifteen S.T.l. Solar S y stem modules were attached to garage roof rafters when this 
new home was built in Tewksbury, Mass. This eliminated the need for the more 
expensive aluminum shells and a "smooth" a ppearance was achieved. 
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COMPUTERS ARE RUN BY THE SUN
AT WESTCHESTER FEDERAL SAVINGS* 

by a rooftop 
S.T.I. Solar System installation. 

The stem provides electricity for the bank's 
computer equipment in the office which com-
putes balances and all major transactions. It 
provides some 200,000 BTU s of heat on a 
solar day. 
Installation was completed in a single week-
end with only two S.T.l, technicians and a 
crane operator. The eight, four foot square 
modules were quickly set into place on a pre-
fabricated light weight but strong steel frame-
work and aligned to the tracking system. 

Bedford Hilis. New York 

FEINIERAL 9j---__ 

FEEL SECURE WITH YOUR OWN POWER SOURCE 

SOLECTRO-THERMO, INC. 
1934 Lakeview Avenue 
Dracut, MA 01826	 (617) 957-0028 

We will be happy to visit your site to evaluate your particular needs and give 
you preliminary cost estimates. 
Without cost or obligation, please arrange an appointment to discuss how the 
S.T.I. Solar System can benefit us. 

0 PLEASE CALL FOR AN APPOINTMENT - TEL. NO 

0 PLEASE HAVE YOUR SOLAR SPECIALIST CALL ON US

DATE
	

TI ME 

Name
	

Company 

Street
71 

City _________________________ State 	 Zip



G.T.I.Solar System • THERMAL POWER 
• DIRECT ELECTRIC POWER 
• LOW COST SOLAR CONVERSION 

COLD WATER PREHEAT TANK 

-	 ',, ec' '.r	 r,r-	 .'	 .'.'	 flV	 '•S 
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Fixed Module-16900 BTU	
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500-	 1 20-

Fixed Module-302 WH 

Solar day in January, Lowell, Mass. 	 Solar day in March, Lowell, Mass. 
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HEAT OUTPUT OF TRACKING AND FIXED MODULES COMPARED 	 .	 ELECTRICAL OUTPUT OF TRACKING AND FIXED MODULES COMPARED 
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Feel secure with your own power source. We've increased solar energy 
collection with our new patented concentrators. The S.D. system is 
efficient, cost effective, and technologically sound. 

SOLERO THERMO INC. 
1934 Lakeview Ave., Dracut, MA 01826

(617) 957-0028 
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Our unique 3-position tracking system provides approximately 35% more 
electrical Rn.'rii-, "-"our stationar y sy stem, illustrated and graphed, below. 

i

--a 

•	 —.. 

on' 

GROUND INSTALLATION 
In this average six room home located in Lowell, Mass, the S.T.I. Solar System ground installa-

tion consists of 10 collectors. It provides 50 to 60 percent of daily heating and hot water and 
almost 36 percent of electrical needs. It has been under continuous testing for two years. (Non-
tracking system) 

KWH	 BTU X1 

20-

R1'	 111 
300- 15	 I 
2	 10 Iii1II 

Jar, Feb Mar Acol May Jim. Jul y Aug SnOt Oct N yu 00	 Jan Feb. Ma, Apr.l Mty JunO July Aug SoOt 00' No. 00c 

ELECTRICAL CONTRIBUTION of art S T.I. Solar S y stem ground HEAT CONTRIBUTION of an S.T I Solar System ground ins' 
ystallattoin of 10 collectors at a home in Lowell, Mass., 1977, 	 atort of 10 collectors at a home ,n Lowell, Mass., 1977. 

SOLAR ELECTRICITY-1171 KWH-35.6% 	 SOLAR HEATING-66.6 MBTU-62% 
UTILITY ELECTRICITY-2125 KWH—$4%	 alllllllllllllllllI UTILITY HEATING-40,7 MBTU-38% 

EXCESS SOLAR HEATING—aoailaole for pool, etc. 
lUr,i,ry bannS mown ,0 m.,rn month, big.. apphancn, 

We would like to hear from you -

STAMP 

SOLECTRO-THERMO, INC. 
1934 Lakeview Avenue 
Dracut, MAO 1826 
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SILICON SENSORS, INC. 
Solar Systems, Inc., Div. 
HIghway 18 East 
Dodgeville, Wisconsin 53533 
T.l.ption.: (608) 935-2707

SILICON SOLAR CELLS 
High Efficiency Photovoltaic 

Converters and Detectors 

TECHNICAL BULLETIN SS 1000 
I. MINIMUM RATINGS: Outputs listed are the minimum that will be supplied. Average 

output of convertors is generally higher than values shown. 
2. THICKNESS: Standard Converters have thickness dimensions of approximately .025". 
3. LEAD WIRES: Converters are supplied with attached 6" color coded wires, #30 AWG 

polyvinyl insulated unless otherwise specified. 
4. COATING: All converters supplied with epoxy coating unless otherwise specified. 
5. HIGHER CURRENT can be obtained by connecting converters in parallel. 
6. HIGHER VOLTAGE can be obtained by connecting converters in series. Units are 

designed to be "stacked" together. 
7. SPECIALLY SELECTED OR MATCHED CELLS are available at additional cost. 
8. MECHANICAL TOLERANCE: The mechanical dimensions of all converters are 

closely held. Mechanical specifications for any of the standard converters are 
available upon request. 

9. ILLUMINATION LEVEL: Standard Converters are measured at an illumination level 
equivalent to 100 MW/CM 2 of energy. This is equal to the amount of energy that 
strikes the earth on a sunny cloudless summer day at noon time, (I sun). 

10. CONVERSION EFFICIENCY may be determined by the ratio of power output (in 
milliwatts per photo-active area) to power input (in milliwatts per cm 2 ). High 
efficiency converters are available for use with space projects and other special 
applications. 

II. N-P TYPES: Optional. 
12.GRIDDED CONVERTERS: Optional.

TUNGSTEN LIGHT SOURCE ILLUMINATION EQUIVALENT TO 100 MW/CM2 
COLOR TEMPERATURE OF 28000K 

STANDARD OVERALL PHOTO-ACTIVE AVERAGE CURRENT VOLTAGE POWER 
TYPE 

NUMBERS
DIMENSIONS 

cm x cm
AREA 

cm2
WEIGHT	 OUTPUT 

grams	 ma
OUTPUT OUTPUT 

volts	 mw 

SS'20 .15 
SS-21 07 
SS-22 .03 
SS-23 .015

Use and design of Solar Energy Converters is quite simple. For 
most applications, the designer must know the following informa-
tion:

I. Output voltage requirements 
2. Output current requirements 
3. Illumination level and type of light source 
4. Area available for converters 

Consideration can also be given to speed of response, environ-
mental conditions, mounting, packaging and other factors 
depending upon the application. Use of the data in this brochure 
will allow choice of a proper converter for your application.*

Solar Energy Converters are used basically in the following 
application categories: 
I. Photo-Electric: Light is used to activate control mechanisms. 
2. Read-Out: Converters arranged in mosaic patterns 'read-out' 

information from punched cards and tapes. 
3. Power: Conversion of light energy directly into d.c. power, 

normally stored in rechargeable batteries. 
The long life, instant response, high reliability characteristics of 
Solar Energy Converters make them desirable components in 
systems. Since they are photo-voltaic semi-conductors, no ex-
ternal power supplies are required, and the amplification of 
converter output is readily achieved with use of a simple transis-
tor circuitry. 

SILICON SENSORS, INC. Ene.ineer.ng Department and Field Sales EnRineers are available to work with you on your specific requirements. 
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• SPEED OF RESPONSE: The response time is 20 microseconds 

or less dependent upon the load resistance. 

• REVERSE VOLTAGE: The converter can be designed to 
operate with reverse voltage. Bias voltage should not exceed 
-10.0 volts d.c. Special converters can be supplied to operate at 
higher reverse voltages. 

• LIFE: Life expectancy of converter is essentially unlimited 
when operated within recommended specifications and properly 
protected against mechanical forces and corrosive environments. 

• HUMIDITY:When used at 1007c humidity and extremely high 
temperatures, the converter should be protected by an encapsu-
lation. Special cases are available for such applications.

• AGING: No aging or fatigue will result when the converter is 
used within the recommended operating range. 

'TEMPERATURE: The recommended operating tempera-
ture range is -65°C to + 175°C. 

• PRESSURE: No degradation in performance will result when 
the converter is subjected to large pressure variations. 

• SHOCK AND VIBRATION: By proper mounting the converter 
will withstand all rigorous shock and vibration forces. Mechani-
cal forces applied directly to the surface of the converter can 
possibly cause fracture since the strength of the unit is similar to 
that of quartz glass. Encapsulations are available to prevent such 
mechanical destruction. 

CURRENT—VOLTAGE CHARACTERISTICS FOR 
TYPICAL SOLAR ENERGY CONVERTERS 
OUTPUT VOLTAGE: Open-circuit voLtage varies logarithmically with 
illumination. Output voltage developed across a load is independent of 
converter area and is a function of illumination level and load 
resistance. 
OUTPUT CURRENT: The short-circuit current varies linearly with 
illumination. The output current developed into a load is a function 

 of converter photosensitive area, load resistance and illumination 
level. 
LOAD CONDITIONS: Maximum power transfer can be achieved by 
choosing a load impedance the results in the voltage and current 
combination that yields maximum output power. 
For large current changes with change in illumination level, low 
impedance loads should be chosen. Figure 1 indicates the linearity of 
current with illumination at low values of load impedance. 
Small change in voltage with change in illumination is achieved by use 
of high impedances. Such voltage changes have an essentially logarith- 

_____________	 mic relation to illumination level change, as shown in Fig. I. 
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RELATIVE SPECTRAL RESPONSE OF SILICON SOLAR 
ENERGY CONVERTERS AND ILLUMINATION 
SOURCES 
SPECTRAL RESPONSE: The curve in Figure 2. shows the response 
of the Solar Energy Converter in the visible and infra-red range. The 
characteristic allows for converter use in photographic and infra-red 
detector applications.	 - 
ILLUMINATION SOURCES: A light source must have'av a spectral 
energy distribution which is similar to the converter response. Fig. 2 
show that both sunlight and tungsten light (at a color temperature of 
28400 K) are suitable for use withSilicon Converters. Fluorescent light 

300 400 500 600 70G-9079 900 1000 1100	 results in low output from these Converters. 
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TYPICAL VARIATION OF MAXIMUM POWER OUTPUT 
AND SHORT CIRCUIT CURRENT WITH TEMPERATURE 
TEMPERATURE CHARACTERISTICS: The short-circuit current and 
the output current for maximum power are essentiall y constant over 
the operatin g temperature range of the Converter. The open-circuit 
voltage and output voltage for maximum power decrease linearly with 
increasing temperature. Fig. 3 shows the variation of short-circuit 

2	 current and maximum available power over the operating temperature 
range. 
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SPM
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NSILICON SENSORS, INC.	 PANEL ARRAYS 
Solar 
	

PHOTOVOLTAIC 
Systems, Inc., Dlv. 

HIghway 18 East 2.0 - 36.0 Volts 
Dodg.vlIl., WIsconsin	 0.04 - 1.0 Amps  
Telephone: (608) 935-2707 

TECHNICAL BULLETIN SPM 
1400 

SOLAR POWER MODULES 
Silicon solar cells convert sunlight directly into	 and control devices in reservoir level gauges and 
electricity. The silicon solar cell technology was 	 telephone repeaters, navigational beacons. cli-
pioneered for space power applications and 	 matological data recording and transmitting sta-
now has become widely adapted to earth use in	 tions, lire control stations and transmission re-
such applications as power sources for monitor lay stations. 

ELECTRICAL SPECIFICATIONS 
SPM-75-2 2V. 320MA 
SPM-75-4 4V.	 160MA 
SPM-75 .8 8V.	 SOMA 
SPM-75-16 16V.	 40MA 

SPM-100-2 2V. 480MA 
SPM-100-4 4V. 240MA 
SPM-100-12 12V.	 80MA 
SPM-100-24 24V.	 40MA 

SPM-150-2 2V. 720MA 
SPM-1506 6V. 240MA 
SPM-150-12 12V.	 120MA 
SPM-150-18 18V.	 80MA 
SPM-150-36 36V.	 40MA 4 
SPM-200-6 6OV180MA
SPM-200-1 8	 18 OV 60M A 

ECONOMY - 1 Watt (Mm.) PANELS 
SPM-150-3.6	 36V300MA 
SPM-200-2	 2.OV 400fvlA 

A11 Current values listed above are nominal @ 2800°K and 25°C @ 
100mw/cm tungsten, and minimum under sunlight.

--1;4, eq ' SPM-150 

SPM. 1 fl - 

SILICON SENSORS, INC. Enqjnee,,nq D.patmeni and Feld Sal., Enuieers are available to work vUh 'u 'n your specie requirements. 
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PHYSICAL CHARACTERISTICS 
The silicon solar cells in each panel are totally encapsulated 
in transparent silicon rubber within a Lexan case. The Solar 
Systems modules have been designed to operate and endure 
severe thermal and physical shock and resist moisture and 
abrasion. Mounting holes are located on each end of the 
module. Termination is optional, choice of either wires or 
studs. 

EFFECTS OF TEMPERATURE 
The panel power (P max) varies with temperature. See the 
graph titled "Convertor Temperature - °Centigrade" on the 
front page. The output power (P max) and voltage drops 
when the panel temperature rises while the short circuit 
current (lx) remains relatively constant. Similarly the pow-
er output (P max) and voltage increases with temperature 
while the 1c remains almost the same. 

CURRENTNOLTAGE 
The "Power Module Current/Voltage" graph (see front 
page) denotes the extremes of output current vs. voltage 
and minimum power point for the SPM-150 series of 

PHYSICAL DIMENSIONS 

_ 4 

.	 .4 
lj.• I.

A	 B	 C	 D	 E 
SPM-75	 5.750 4.820 2.820	 5.150 0.440 

SPM-100	 7.710 4.820 2.820	 7.250 0.440 
SPM-150	 8.000 7.000 4.000	 7.400 0.440 

SPM-200 14.50	 3.600 2.750 13.000 0.440 

A 

1.

E

See the table of "Electrical Specifications" for the detail
electrical data on all the modules. 

EFFECTS OF TIME 

solar energy reaching the eart h's surface affects the energy 
output of the module. The greatest solar intensity occurs at 
noon when the air mass is lowest. 

TYPICAL VARIATION OF MAXIMUM POWER OUTPUT 
AND SHORT CIRCUIT CURRENT WITH TEMPERATURE 

i -.- ----

OZ	 II_. 
lsc-

-1 0 - - -	 - U. w 
C .

O 

Pmax'-.,.. 

CONVERTOR TEMPERATURE . °CENTIGRADE 

iaoo	 - 

goo.	 I. 
POWER MODULES 

800}	 J—	 CURREPITIVOLTAGE 
Cl,	 ' DENOTES MIN. POWR.PTj 

700-	 - - —i--- -
	 •1 	 - 

600r	 1 
500	 - - - - - - - 

400 

300	 - - --	 - - 

200  

O	 10	 IS	 20	 25 30	 35	 40	 45	 50 

VOLTS

panels. The current/voltage curve can similarly be plotted 
for any of the modules in the SPM-75 and SPM-lOO series. 

The output of a solar module varies according to the time 
of day and the incidence angle of the sun. The variation in 
module output is also affected by temperature and air mass. 

The angle of incidence determines the amount of parallel 
light striking the module surface. When the incidence angle 
is zero (module is oriented so that the sun is normal to the 
module), maximum energy conversion is achieved. When 
the angle of incidence varies, the output varies by an 
amount approximately equal to the cosine of the incidence 
angle. 

Air mass between the sun and a given point on earth 
changes with earth rotation. Air mass and its attenuation of 
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PHOTOVOLTAIC POWER CURVE 

200

VOl.13 

so 

60 

40 

20 

0

SOLAR SYSTEMS, INC. 
)IV. OF SILICON SENSORS, INC. 

Highway 18 East 
Dodgeville, Wisconsin 53533

- 608 - 935-2707 

POWER -MOD
	

PCM 510 
PCM 540 

-	 - -0- T 

200 j"i
- 

00	 1100	
00 2 00 

030 M. P.,, 41 C. ..o.. 120-1375-00-0I 

SOLOR SYSTEMS "POWER-MOD" provides instant 

electrical energy from sunlight and incandescent light 

sources. Light falling on the surface of the unit is 

converted directly into electrici energy. These units 

are compact in form, designed for easy installation 

and use, and are readily wired in series or parallel 

arrangements. The unique design of this unit allows 

maximum power per unit area. The 4 terminals are 

plainly marked for polarity and the entire unit is 

coated with a clear epoxy to protect the unit from 

dirt, moisture and surface damage. Appearance, 

quality and rugged construction provide the 

"POWER-MOD" PCM50 and PCM 540 with a lifetime 

guarantee of satisfaction. 
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MOUNTING HOLES 

111, 

- 

eT 17'L) .k 
.t'••_	 ,	 %

SSP-12-A-300 = 12V 300 ma 

SSP-12-A-400 = 12 V. A 400 ma
or 14.4 V @ .4 amps 

THESE ARE OUR LATEST PANELS 
DESIGNED TO CHARGE A 12V LEAD ACID 

uX BATTERY. 

ALUMINUM 
SUBS TRA IT 

GLASS COVERED

trr-r 7?Ttt7J 
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"M" Series Solar Modules 
The new M-Series Solar Modules feature a unique 
construction that affords a practical and econom-
ical solution for a wide range of power require-
ments. Utilizing Solar Power Corporation's larger 
diameter silicon solar cells (90mm or 100mm) and 
unique reinforced mounting surface, the M-Series 
Solar Modules feature two layers of silicone encap-
sulant, a blocking diode, and ten feet of output 
cable. 
Thirty-six interconnected cells are arranged in 
recessed wells on a rugged, molded base made of 
glass reinforced polyester. A 40 cell version is also 
available. 12V, 6V, and 4V outputs may be ordered 
in either version. 
The 90mm solar cells use a "dagger" electrode and 
the 1 00m solar cells use a "forked" electrode grid 
pattern with redundant interconnects. Both are 
designed to maximize the M-Series solar cell 
current collection efficiency and collection area of 
the solar cell, while minimizing voltage drop in the 
electrode. M-Series solar cells are protected by two 
layers of silicone encapsulant. The lower layer is a 
highly transparent, UV-stable silicone rubber that 
seals and protects the cells. The outer encapsu-
lant is a highly transparent, UV-stable silicone 
varnish selected for low friction to shed dirt, dust, 
and precipitation. All interconnections In the solar 
module are either soldered or screwed down to the 
mounting base. The connections are also 
encapsulated for corrosion resistance.

Solar Power 
Corporation 
Affiliate of EXXON Enterprises, Inc. 	 M SERIES 

"M" Series Solar Electric Generators 
Arraying 
The design of M-Series base incorporates a molded rib 
structure that provides sufficient stiffness to allow field 
installation without extensive external bracing. Arrays requiring 
more than one module are bolted together and stiffeners are 
added to each side. A layout for six (6) M-Series modules 
arrayed in this fashion is shown on reverse side of spec sheet. 
Solar Power Corporation will supply complete solar arrays with 
stiffeners, telescoping support legs and footpads. The 
construction of the M-Series module also allows the user to 
easily fabricate his own structure using commonly available 
materials. 
Solar Electric Generator Systems 
SPC can supply complete solar electric generator systems 
including self-arraying modules, voltage, regulators, and 
batteries. You may order  total system, or individual arrays 
and modules. 
High quality rechargeable batteries are used to allow operation 
at night and in periods of inclement weather. All modules and 
systems are designed to provide peak current at the charging 
point of the battery. 
Computerized System Design 
Solar Power Corporation provides a computerized system 
design and quotation service based on customer load 
specifications. Information necessary to provide a quotation 
includes electrical load (AH/day), location (altitude, latitude, 
longitude), and nominal system voltage. 
Electrical Specifications 
Exceeds JPL Environmental Performance Requirement No. 
5-342-1. Output rated at 28°C cell temperature and 
100mW/sq. cm . 

Model No.
Charging Point* 

Volts	 Amps
Peak Power Point 
Volts	 Amps

Peak Power 
Watts 

Ml 2-369 13.6 1.6210% 16.5 1.52±10% 25.0110% 

M12-361 13.6 2.010% 16.5 1.9010% 31.0'lO% 
Lead acid battery at or near full charge. 

Environmental and Mechanical Specifications 
Operating Temperature: -55°C to +600C 
Humidity:	 Otol00% 
Altitude:	 to 25,000 ft. (7620 m) 
Wind Loading:	 Module with supporting structure 

built to withstand winds in excess of 
175 m.p.h. (280 k.p.h.) 

Dimensions Weight" 
L	 W	 D Not	 Ship 

Model No. In. am.In. 1cm . in. cm. lb.	 kg.	 lb.	 kg. 

M12-369 46 117 15.338.9 2 5.1 18 8.2 

117 15.3138.9 2 5.1 18 8.2 3 
3
g13A low voltage drop blocking diode is built into the	 - 

M-Series solar units to prevent storage battery 	 *Excluding support legs, stiffeners, and footpads. 
discharge through the solar module at night or 	 Solar Insolation Effect 
during low illumination periods. Ten feet of 	 Voltage: Operating voltage attained at approximately 
neoprene-jacketed, two conductor output cable Is 	 10mW / sq. cm . (dark overcast sky). 
also provided. This Type SJO cable is resistant to 	 Current: Proportional to solar insolation, e.g. at 50mW/sq. 
oil, grease, water, acids, and ozone. 	 cm. output current would be 50% of rated current. 
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OUTPUT CHARACTERISTICS 
Current vs. Voltage curves are shown for each M Series solar generator indicating 

peak power point and charging point fora lead-acid battery system. Curves are 
drawn for various cell and ambient temperatures at 100 mw/sq. cm . solar insolation. 
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Solar Power 
Corporation	 WATER PUMPING 
AFFILIATE OF EXXON ENTERPRISES INC. 	 APPLICATION BULLETIN - No. 61 

20 Cabot Road, Woburn, MA 01801 	 .•. Tel. (617)935-4600	 TWX 710 348-0602 

"M" SERIES SOLAR POWER SYSTEM 

Solar Electric Generator systems are the most 

economical and reliable of all remote power 

sources. Solar energy boasts maintenance 

free operation, no fuel requirement, and no 

pollution producing waste materials. Solar 

powered systems are completely self-con-

tained, require no commercial power and are 

highly resistant to all environmental and 

climatic elements. A well designed solar 

"cell" system is a solid state device with 

unlimited life expectancy. 

APPLICATION: Water Pumping 
LOCATION: Mali, Africa 
VOLTAGE: 36 Vdc nominal 

LOAD: 5660 gallons/day, 24-foot well depth, 6-8 hours/day

	

SOLAR ARRAY:	 M36-30361 

	

ELECTRICAL SPECIFICATIONS: 	 49.5 Vdc, 19.0 A, 940W 
(At Battery Charging Point) 

	

DIMENSIONS:	 232" x 92" x 2" 

	

WEIGHT:	 750 lbs., including mounting hardware 

	

BATTERY:	 Not required, water storage used 

	

INSTALLED:	 Spring 1978

September 1978 
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Solar Power 
::.:.

 
Corporation 	 COMMUNICATIONS 
AFFILIATE OF EXXON ENTERPRISES INC. 	

APPLICATION BULLETIN - No. 62 

r2o Cabot Road, Woburn, MA 01801 -	 :*'-:--	 Tel. f617)935-4600 TWX7IO34B-0602 

"M" SERIES SOLAR POWER SYSTEM 
Solar Electric Generator systems are the most 

economical and reliable of all remote power 

sources. Solar energy boasts maintenance 

free operation, no fuel requirement, and no 

pollution producing waste materials. Solar 

powered systems are completely self-con-

tained, require no commercial power and are 

highly resistant to all environmental and 

climatic elements. A well designed solar 

cell" system is a solid state device with 

unlimited life expectancy. 

	

APPLICATION:	 Microwave Communications Repeater 

	

LOCATION:	 Tacoma, Washington 

	

VOLTAGE:	 24 Vdc nominal 

	

LOAD:	 51 Ah/day 

	

SOLAR ARRAY:	 Model M24-14361 

	

ELECTRICAL SPECIFICATIONS: 	 27.6 Vdc, 14 A, 386W 

(At Battery Charging Point) 

	

DIMENSIONS:	 217" x 47" x 2" 

	

WEIGHT:	 325 lbs., including mounting hardware 

	

BATTERY:	 2807 Ah, 24 Vdc, lead-acid type with lead-calcium plates 

	

INSTALLED:	 Winter 1977

September 1978 
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Solar Power APPLICATION 
BULLETIN lCorporation 

AFFILIATE OF EXXON ENTERPRISES INC 	 No,. 58 

CATHODIC (CORROSION) PROTECTION 

MODEL "SERIES M" 

- J! r two i&';- 	 -	 .-s .•-,-

- .

Solar Electric Generator systems are the 

most economical and reliable of all remote 

power sources. Solar energy boasts main-

tenance-free operation, no fueling require-

ment, and no pollution-producing waste 

materials. Solar powered systems are 

completely self-contained, require no 

commercial power and are impervious to 

environmental and climatic elements. A 

well designed solar 'cell' system is a solid 

state device with unlimited life expect-

ancy. 

	

APPLICATION:	 Cathodic Protection System -Oil Well 

	

LOCATION:	 Liberal, Kansas 

	

VOLTAGE:	 6.OVDCNominal 

	

LOAD:	 7.0 Amps Continuous 

TOTAL LOAD: 168 AH/DAY 

	

SOLAR ARRAY:	 Model M6-08361; Charging Point 

7.2 VDC 

32.0 Amps 

230. Watts 

DIMENSIONS: 124" x 46.5" x 2" (array only) 

WEIGHT: Approximately 1 6 lbs (array only) 

BATTERY: 1925 AH, 6 VDC (3 cells) 

Lead-calcium cells 

TILT ANGLE: 50° from horizontal

SOLAR POWER CORPORATION/20 CABOT ROAD/WOBIJRN, MA 01801/TEL: (617)935-4600/TWX: 710-348-0602 
BRANCH OFFICES. Solar Power Lm,ted, 220 Grand Buildings. Trafalgar Square. London WC2N 5148 • Tel 01 930-0873/4 • Telex 21221 

Solar Power Corporation. One Kingwood Place. Suite 200. Kingwood, Texas 77339 • Tel- (713)353-3126 	 April 1979 
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SPECIFICATIONS 
Electrical 

Battery Charging Point Peak Power Point 

Current: 4.30 Amps ±10% 4.10 Amps ±10% 

Voltage: 4.60 Volts 6.0 Volts 

Power: 19.8 Watts ±1O% 24.6 Watts	 10%

Output rated at 28°C cell temperature and 100mW/sq. cm  incident sunlight. Charging 
point based on 4-volt lead-acid battery near full charge. Peak power values do not include 
cable and blocking diode losses. 

Solar Power 
Corporation 

U Affiliate of EON Enterprises, Inc. 

GoSeries 
PRODUCT DATA 

G4-261 
Solar Electric 
Generators 

The Model G4-261 solar module 
consists of twenty-six (26), 100mm 
diameter silicon solar cells connected 
in series in a module package that 
features a glass top module surface. 
The top module surface material is a 
low iron, high transmission, tempered 
glass that provides a durable cover. 
The glass surface gives the module the 
capability to withstand salt spray, sand 
storms, hail stones, and attack by 
birds and vermin, with minimal 
degradation of electrical performance. 

Low iron-glass was selected for its 
characteristically high light 
transmittance. Tempering increases 
the impact strength of the glass. The 
top surface of the glass module is 
glossy, thus preventing the buildup of 
debris on the module. 

The solar cells are bonded to the glass 
sheet with silicone rubber. The 
silicone seals the solar cells and the 
electrical interconnections from the 
environment. Silicone has been 
chosen for various reasons including 
high light transmission, long term 
environmental stability, excellent 
electrical insulation properties, and the 
ability to resist degradation due to UV 
radiation. 

The silicone/solar cell combination is 
covered at the rear surface by a white 
plastic film. 

The 100mm diameter solar cells are 
produced from high purity, single 
crystal silicon wafers. The wafer 
initially doped with an 'n", or negative, 
charge donor impurity has a " p", or 
positive, charge donor impurity 
diffused into the top layer of the wafer

to form the p-n junction. Electrodes 
are attached to the top and bottom 
surfaces of the solar cells to collect 
the electrical energy. The bottom 
surface is completely covered by an 
electrode. The electrode pattern used 
on the top surface of the 100mm solar 
cell consists of a number of small 
conductor 'fingers" criss-crossing the 
wafer and connecting to a tapering 
bifurcated main bus. This pattern has 
been designed to provide maximum 
surface area for light collection while 
providing a low resistance, efficient 
electrical conductor, and completely 
reduntant cell-to-cell electrical 
interconnections. 

Individual modules are supplied with 

Structural 
WEIGHT: excluding supporting legs 
16 lbs (7.3 Kg) 
OVERALL DIMENSIONS: excluding 
supporting legs. 
34" x 17" x 2.25" 
(86.4 cm x 43.2 cm x 6 cm) 

Environmental 
OPERATING TEMPERATURE: 
550 to +60°C 

HUMIDITY: 0 to 100% 

ALTITUDE: to 25,000 feet (7,620m)

an output cable and blocking diode, or 
bypass diode, as required. The diodes 
and the connectors to the output cable 
are sealed in a glass reinforced 
phenolic junction box located in the 
rear of the module. (An optional 
galvanized steel screen is available to 
cover the rear of the module-to protect 
the encapsulants from damage due to 
animals or birds.) 

The module is supplied with an 
anodized aluminum support frame. 
The glass, solar cell, and silicone 
assembly is held in the glass frame by 
a one piece silicone gasket. The 
gasket isolates the glass assembly 
from shocks transmitted through the 
frame. 

WIND LOADING: 
Module with supporting legs built to with-
stand sustained winds in excess of 175 mph 
(280 Km/hour) (90 lbs/sq. ft.) 

Solar Insolation Effect 
VOLTAGE: 
Operating voltage attained 
approximately lOm/Wsq cm (dark 
overcast sky) 

CURRENT: 
Proportional to solar insolation; e g. at 
50mw/sq cm, output current would be 
500/n of rated current. 

SOLAR POWER CORPORATION/20 CABOT ROAD/WOBURN. MA  01801/TEL: (617)935-4600/flIX. 710-348-0602 
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Solar Power 
; Corporation 

Affiliate of EON Enterprises, Inc. 

GoSeries 
PRODUCT DATA 
G12-361 
Solar Electric 
Generators 

The Model G12-361 solar module 
consists of thirty-six (36). 100mm 
diameter silicon solar cells connected 
in series in a module package that 
features a glass top module surface. 
The top module surface material is a 
low iron, high transmission, tempered 
glass that provides a durable cover. 
The glass surface gives the module the 
capability to withstand salt spray, sand 
storms. hail stones, and attack by 
birds and vermin with minimal 
degradation of electrical performance. 
Low iron, glass was selected for its 
characteristically high light 
transmittance. Tempering increases 
the impact strength of the glass. The 
top surface of the glass module is 
glossy, thus preventing the buildup of 

debris on the module. 
The solar cells are bonded to the glass 
sheet with silicone rubber. The 
silicone seals the solar cells and the 
electrical interconnections from the 
environment. Silicone has been 
chosen for various reasons including 
high light transmission, long term 
environmental stability, excellent 
electrical insulation properties, and the 
ability to resist degradation due to UV 
radiation. 
The silicone/solar cell combi.iation is 
covered at the rear surface by a white 
plastic film. 
The 100mm diameter solar cells are 
produced from high purity, single 
crystal silicon wafers. The wafer 
initially doped with an an", ornegative, 
charge donor impurity has a "p, or 
positive, charge donor impurity 
diffused into the top layer of the wafer

to form the p-n junction. Electrodes 	 an output cable and blocking diode, or 
are attached to the top and bottom

	 bypass diode, as required. The diodes 
surfaces of the solar cells to collect

	 and the connectors to the output cable 
the electrical energy. The bottom	 are sealed in a glass reinforced 
surface is completely covered by an 	 phenolic junction box located in the 
electrode. The electrode pattern used

	 rear of the module. An optional 
on the top surface of the 100mm solar	 galvanized steel screen is available to 
cell Consists of a number of small

	 cover the rear of the module to protect 
conductor "fingers" cries-crossing the	 the encapsulants from damage due to 
wafer and connecting to a tapering 	 animals or birds.) 
bifurcated main bus. This pattern has 
Won designed to provide maximum 
surface area for light collection while 

electrical conductor, and completely 
providing a low resistance, efficient 

reduritant cell-to-cell electrical 
interconnections.

	

The module is supp lied with an 
anodized aluminum support frame. 
The glass, solar cell, and silicone 
assembly is held in the glass frame by 
a one piece silicone gasket. The 
gasket isolates the glass assembly 
from shocks transmitted through the 

Individual modules are supplied with	 frame. 

SPECIFICATIONS 
Electrical 

Battery Charging Point Peak Power Point 
Current 2.15 Amps :10% 2.05 Amps :10% 

Voltage: 131 Volts 16-5 VOlts	 I 
Power	 j	 291 Watts :10% 33.5 Watts :10%

Output rated at 26-C cell temperature and 100mW/sq, cm incident sunlight Charging 
point based on 12-volt lead-acid battery near full charge. Peak power values do net include 
cable and blocking diode losses. 
Structural	 WINO LOADING: 
WEIGHT: excluding supporting legs	 Module with supporting eqs built to with-
20 lbs (9.1 Kg)	 stand sustained winds in excess of 175 mph 
OVERALL DIMENSIONS: excluding	 (280 Km/hour) (90 ibs/sq. It) 
supporting legs. 
44 * ir * 2.25	 Solar Insolation Effect 
(112 cm * 43.2 cm *6 cm) 	 VOLTAGE; 

Environmental 
OPERATING TEMPERATURE: 
-550 to .60C 
HUMIDITY; 0 to 100% 
ALTITUDE- to 25.000 feet (7.620m)

Operating voltage attained 
approximately 1 Om/w so cm (dark 
overcast sky) 

CURRENT: 
Proportional to solar insolation: e.g. at 
50mW1s4 cm. output current would 
50% of rated current. 

SOLAq PCWF-R COAPORATION/20 CASOT ROAO/WOBUaN, MA 01501i1'EL (017)935 .4I0OITWX: 710-348-0602 
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Solar Power 
Corporation 
Affiliate of EON Enterprises, Inc. 

GmSedes 
PRODUCT DATA 
G12-3672 
Solar Electric 
Generators 

SPECIFICATIONS 
Electrical 

Battery Charging Point Peek Power Point 
Current: 0.62 Amps ±10% 0.59 Amps ±10% 
Voltage: 13.8 Volts 16.5 Volts 
Power 8.4 Watts ±10% 9.7 Watts ±10%

Output rated at WC cell temperature and 100mW/sq. cm  incident sunlight Charging 
point based on 12-volt lead-acid battery near full charge. Peak power values do not 
Include cable and blocking diode losses. 

The Model G12-3672 solar module 
consists of thirty-six (36), 75mm 
diameter silicon solar half cells 
connected in series in a module 
package that features a glass top 
module surface. The top module 
surface material is a low Iron, high 
transmission, 1/8" thick, tempered 
glass that provides a smooth and 
durable cover. The glass surface gives 
the module the capability to withstand 
salt spray, sand storms, hail stones, 
and attack by vermin with minimal 
degradation of electric performance. 
Low iron glass was selected for Its 
characteristically high light trans-
mittance. Tempering increases the 
impact strength of the glass. The top 
surface of the glass module is smooth, 
thus preventing the buildup of debris 
on the module. 
The solar cells are bonded to the glass 
sheet with silicone rubber. The 
silicone seals the solar cells and the 
electrical interconnections from the 
environment. Silicone has been 
chosen for various reasons including 
high light transmission, long term 
environmental stability, excellent 
electrical insulation properties, and the 
ability to resist degradation due to UV 
radiation. 
The silicone/solar cells combination is 
coverered at the rear surface by a 
white plastic film. 
The 75mm diameter solar half cells are 
produced from high purity, single 
crystal silicon wafers. The wafer 
initially doped with an"n", or negative, 
charge donor impurity has a "p", or 
positive, charge donor impurity 
diffused into the top layer of the wafer

to form the p-n junction. 
Electrodes are attached to the top and 
bottom surfaces of the solar cell to 
collect the electrical energy. The 
bottom surface is completely covered 
by an electrode. The electrode pattern 
used on the top surface of the 75mm 
solar half cell consists of a number of 
small conductor "fingers" criss-
crossing the wafer and connecting to a 
tapering main bus. This pattern has 
been designed to provide maximum 
surface area for light collection while 
providing a low resistance, and 
efficient electrical conductor. 

Structural 
WEIGHT: excluding supporting legs 
5.5 lbs (2.3 Kg) 
OVERALL DIMENSION: excluding 
supporting legs. 
20" x 13 x 0.8" 
51 cm. x 33.0 cm. x 2 cm. 

Environmental 
OPERATING TEMPERATURE-
-550 C to + 600 C 
HUMIDITY: 
0 t 100% 
ALTITUDE: 
to 25,000 feet (7.620m)

Individual modules are supplied with 
an output cable and blocking diode, or 
bypass diode, or both as required. The 
diodes and the connectors to the 
output cable are sealed in a glass 
reinforced phenolic junction box 
located in the rear of the module. 
The module is supplied with an 
anodized aluminum support frame. 
The glass, solar cell, and silicone 
assembly is cushioned in the support 
frame by a one-piece gasket. The 
gasket isolates the glass assembly from 
shocks transmitted through the frame. 

WIND LOADING: 
Module with supporting legs built to with-
stand sustained winds in excess of 175 mph 
(280 Km/hour) (90 Ibsfsw.ft.) 
Solar Insolation Effect 
VOLTAGE: 
Operating voltage attained approximately 
10mW/sq cm (dark overcast sky) 
CURRENT: 
Proportional to solar insolation; e.g. at 
50mW/sq cm, output current would be 50% of 
rated current 
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Solar Power 
Corporation • Affiliate of E(ON Enterprises, Inc. 

GmSeries 
PRODUCT DATA 
G12-3674 
Solar Electric 
Generators 

SPECIFICATIONS 
Electrical 

Battery Charging Point Peak Power Point 
Current: 0.31 Amps ±10% 0.29 Amps ±10% 

Voltage: 13.8 Volts 16.5 Volts 
Power 4.2 Watts ±10% 4.8 Watts ±10%

Output rated at 28°C cell temperature and 100mW/sq. cm  incident sunlight. Charging 
point based on 12-volt lead-acid battery near full charge. Peak power values do not 
include cable and blocking diode losses. 

The Model G12-3674 solar module 
consists of thirty-six (36), 75mm 
diameter silicon solar quarter cells 
connected in series in a module 
package that features a glass top 
module surface. The top module 
surface material is a low iron, high 
transmission 1/8" thick, tempered 
glass that provides a smooth and 
durable cover. The glass surface gives 
the module the capability to withstand 
salt spray, sand storms, hail stones, 
and attack by birds and vermin with 
minimal degradation of electric 
performane 
Low iron glass was selected for its 
characteristically high light 
transmittance. Tempering increases 
the impact strength of the glass. The 
top surface of the glass module is 
smooth, thus preventing the buildup of 
debris on the module. 
The solar cells are bonded to the glass 
sheet with silicone rubber. The 
silicone seals the solar cells and the 
electrical interconnections from the 
environment. Silicone has been 
chosen for various reasons including 
high light transmission, long term 
environmental stability, excellent 
electrical insulation properties, and the 
ability to resist degradation due to UV 
radiation. 
The silicone/solar cell combination is 
covered at the rear surface by a white, 
plastic film. 
The 75mm diameter solar quarter cells 
are produced from high purity, single 
crystal silicon wafers. The wafer 
initially doped with an "n", or negative, 
charge donor impurity has a "p", or 
positive, charge donor impurity

diffused into the top layer of the wafer 
to form the p-n junction. Electrodes 
are attached to the top and bottom 
surfaces of the solar cell to collect the 
electrical energy. The bottom surface 
is completely covered by an electrode. 
The electrode pattern used on the top 
surface of the 75mm solar quarter cell 
consists of a number of small 
conductor "fingers" criss-crossing the 
wafer and connecting to a tapering 
main bus. This pattern has been 
designed to provide maximum surface 
area for light collection while 
providing a low resistance, and 
efficient electrical conductor. 

Structural 
WEIGHT: excluding supporting legs 
4.70 lbs (2.1kg.) 
OVERALL DIMENSIONS: excluding 
supporting legs 
20" x 9" x 0.8' (51 cm x 22.9 cm. x 2 cm) 

Environmental 
OPERATING TEMPERATURE: 
-55° C to + 60°C 
HUMIDITY: 
0 to 100% 
ALTITUDE: 
to 25,000 feet (7,620m)

Individual modules are supplied with 
an output cable and blocking diode, or 
bypass diode, or both as required. The 
diodes and the connectors to the 
output cable are sealed in a glass 
reinforced phenolic junction box 
located in the rear of the module. 
The module is supplied with an 
anodized aluminum support frame. 
The glass, solar cell, and silicone 
assembly is cushioned in the support 
frame by a one piece silicone gasket. 
The gasket isolates the glass assembly 
from shocks transmitted through the 
frame. 

WIND LOADING: 
Module with supporting legs built to with-
stand sustained winds in excess of 175 mph 
(280 Km/hour) (90 lbsjsq. ft.) 
Solar InsolatIon Effect 
VOLTAGE: 
Operating voltage attained approximately 
10mW/sq. cm (dark overcast sky) 
CURRENT: 
Proportional to solar insolation; e.g., at 
50mW/sq cm, output current would be 50% 
of rated current. 
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MODEL 1002 

Solar Electric Generator systems are the 
most economical and reliable of all remote 
power sources. Solar energy bouts main-
tenance free operation, no fueling require-
ment, and no pollution producing waste 
materials. Solar powered systems are 
completely self-contained, require no 
commericial power and are highly resistant 
to all environmental and climatic ele-
ments. A well designed solar "cell" system 
is a solid state device with unlimited life 
expectancy. 

I
Solar Power	 APPLICATION

Corporation	
BULLETIN

AFFILIATE OF EXXON ENTERPRISES INC 	 No. 52

RAILROAD 

APPLICATION: Railroad Grade Crossing 
LOCATION: Atlanta, Georgia 

VOLTAGE: 12V.D.C. Nominal 
LOAD: Crossing Unoccupied - 2,0 Amps for 23 hours 

Crossing Occupied - (lights and balls) 6.0 Amps foil hour 
TOTAL LOAD: 52 AH!DAY 

SOLAR ARRAY: Model 12419-10.2; Battery Charging Point 
13.8 V.D.C. 
10.2 Amps 
140 Watts 

DIMENSIONS: 98" x 58" x 3.5" 
WEIGHT: 296 Lbs. 

BATTERY: 836AH, 12 V.D.C. (6 cells); stationary 
Leed-calcium calls 

INSTALLED: Summer, 1914 

SOLAR POWER CORPORATION/20 CABOT ROAD/WOBURN, MA 01801/TEL (617)9354600/TWX 710-348-0602 
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Solar Power 
• Corporation 

AFFILIATE OF EXXON ENTERPRISES INC.

RAILROAD 
APPLICATION BULLETIN - No. 50 

MODEL 1002 

Solar Electric Generator systems are the 

most economical and reliable of all remote 

power sources. Solar energy boasts main-

tenance free operation, no fueling require-

ment, and no pollution producing waste 

materials. Solar powered systems are 

completely self-contained, require no 

commerlcial pcwer and are highly resistant 

to all environmental and climatic ele-

ments. A well designed solar "cell" system 

is a solid state device with unlimited life 

expectancy. 

APPLICATION: Railroad Track Circuit (using Lead Acid Batteries) 

LOCATION: Montreal, Canada 

VOLTAGE: 2.0 Volts D.C. Nominal 

LOAD: Track unoccupied-240 mAfor 23 hours-5.5 AH 

Track occupied —1.0 A for 1 hour 	 —1.0 AH 

TOTAL-6.5 AHIDay 

SOLAR ARRAY: Model 2-6-1.95; Battery Charging Point 

2.3 V. D.C. 

1.95 Amps 

4.5 Watts 

DIMENSIONS: 23.5"x16.5"x3.5' 

WEIGHT: 15 lbs including mounting hardware 

BATTERY: 230AH, 2.0 V.D.C., Lead-Acid type with lead-calcium plates 

INSTALLED: Fall, 1974

August 1978 
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Solar Power 
C	 NAVIGATIONAL-AIDS • orpor	 I	 APPLICATION BULLETIN - No. 55 
AFFILIATE OF EXXON ENTERPRISES INC. 

20 Cabot Road Wobun,. MAOteol	 ia 1	 iaW	 ,riio 34a-OØ 

MODEL "SERIES E" 

Solar Electric Generator systems are the 
most economical and reliable of all remote 
power sources. Solar energy boasts main-
tenance free operation, no fueling require-
ment. and no pollution producing waste 
materials. Solar powered systems are 
completely self-contained, require no 
commercial power and are highly resistant 
to all environmental and climatic ele-
ments. A well designed solar 'cell" system 
is a solid state device with unlimited life 
expectancy. 

APPLICATION: Aids to Navigation 
LOCATION: Offshore oil platform. Gulf of Mexico 
VOLTAGE: 24V.D.C. Nominal 

LOAD: Horn-4 Amps. 10% duty cycle: 
0.06 Amp, 90% duty cycle: 24 hour operation 
TOTAL LOAD: 10.9 AHIDAY 

SOLAR ARRAY: Model E24-04369-3.0; Battery Charging point 
26.4 V.D.C. 
3.2 Amps 
84.5 Watts 

DIMENSIONS: 50" x 50" x 2" 
WEIGHT: 130 Lbs. 

BATTERY: 335 AN. 24 V.D.C. (12 cells); stationary 
Lead Calcium cells 

INSTALLED: Summer, 1975

AugusI 1918 
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Solar Power go
COMMUNICATIONS Corporation	 APPLICATION BULLETIN - NO. 54 

AFFILIATE OF EXXON ENTERPRISES INC. 

20 Cabot Rd., Woburn, Ma. 01801	 TEL.(617)935-4600	 TWX 710-348-0602 

MODEL "SERIES E" 
Solar Electric Generator systems are 

the most economical and reliable of all 

remote power sources. SOlar energy 

boasts maintenance free operation, no 

fueling requirement, and no pollution 

producing waste materials. Solar pow-

ered systems are completely self-

contained, require no commercial 

power and are impervious to environ-

mental and climatic elements. A well 

designed solar "cell" system is a solid 

state device with unlimited life 

expectancy. 

-

APPLICATION: Microwave Repeater Station 

LOCATION: Challis, Idaho 

VOLTAGE: 24 VOC Nominal 

LOAD: 5.0 Amps Continuous 

TOTAL LOAD:	 120 AH/DAY 

SOLAR ARRAY: Model E24-36369-27; Charging Point 

27.6 VDC 

30 Amps 

816 Watts 

DIMENSIONS: Six separate arrays, each measuring 75" x 50" x 2" 

WEIGHT: 1130 Lbs. 

BATTERY: 2190 AH, 24 VDC (12 cells); stationary 
Lead-calcium cells.

Cost of Assembled Solar Array Ready for Installation......Under $19,000.00

June 1978 
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Solar Power 
'd Corporation 

AFFILIATE OF EXXON ENTERPRISES INC.

RAILROAD 
APPLICATION BULLETIN - No. 60 

20 Cabot Road, Woburn, MA 01801	 -,'	 Tel. (617)935-4600	 TWX 710 348-0602 

Application #1 

	

APPLICATION:	 Railroad Track Circuit 

	

LOCATION:	 Lake Pontchartrain, Louisiana 

	

VOLTAGE:	 2.8 Vdc nominal 

	

LOAD:	 40 Ah/day; track occupied 

6 hours/day, 5 days/week

HP" SERIES SOLAR POWER SYSTEM 
Solar Electric Generator systems are the most 

economical and reliable of all remote power 

sources. Solar energy boasts maintenance 

free operation, no fuel requirement, and no 

pollution producing waste materials. Solar 

powered systems are completely self-con-

tained, require no commercial power and are 

highly resistant to all environmental and 

climatic elements. A well designed solar 

"cell" system is a solid state device with 

unlimited life expectancy. 

ArrIittr,n a2 

Railroad Signal Lamp 

Lake Pontchartrain, Louisiana 

12 Vdc nominal 

30 Ah/day; track occupied 

6 hours/day, 5 days/week 

	

SOLAR ARRAY:	 Model P2-281002 

	

ELECTRICAL SPECIFICATIONS: 	 3 Vdc, 9.1 A, 27.3W 

(At Battery Charging Point)' 

	

DIMENSIONS:	 48" x 32" x 3" 

	

WEIGHT:	 70 lbs., including hardware 

	

BATTERY:	 786Ah, 2.8 Vdc, nickel-cadmium type 

	

INSTALLED:	 Summer 1976

Model P12-841002 

13.8 Vdc, 7.8 A, 108 W 

62" x 51" x 3" 

210 lbs., including hardware 

554 Ah, 12 Vdc, lead-acid type 

Summer 1976

September 1978 
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Solar Power 
•i Corporation	 COMMUNICATIONS' 

AFFILIATE OF EXXON ENTERPRISES INC.	 APPLICATION BULLETIN - No. 56 
2O Cabot Road,.Wobum, MA01801	 Tel. (617)935-4600 TWX710348-0602 

"P.1002" SOLAR POWER SYSTEM 
Solar Electric Generator systems are the most 

economical and reliable of all remote power 

sources. Solar energy boasts maintenance 
tree operation, no fuel requirement, and no 

pollution producing waste materials. Solar 
power systems are completely self-con-

tained, require no commercial power and are 
highly resistant to all environmental and 

climatic elements. A well designed solar 

"cell" system is a solid state device with 
unlimited life expectancy. 

	

APPLICATION:	 VHF Radio Repeater Station 

	

LOCATION:	 Eaglehead Mountain, Gallatin County, Montana 

	

VOLTAGE:	 i2Vdc nominal; 14.5Vdcmax.,i1.2Vdcmin. 

	

LOAD:	 90 mA continuous standby 

4.2 A for i .5 hours/day transmit; 8.46 Ah/day total load 

(50% excess power capability supplied for future 

system expansion) 

	

SOLAR ARRAY:	 Model 12-35-3 (New Model No. P12-351002) 

	

ELECTRICAL SPECIFICATIONS:	 13.8 Vdc, 3.0 A, 41.4W 

(At Battery Charging Point) 

	

DIMENSIONS:	 70.5" x 33.5" x 3.5" 

	

WEIGHT:	 87.5 lbs. net 

	

BATTERY:	 500Ah, 12Vdc, lead-acid type with lead-calcium plates 

	

INSTALLED:	 Fall 1973

S.pemoer 1978 
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Solar Power 
Corporation 
Affiliate of EXXON Enterprises, Inc. 	 BVR SERIES 

Battery Voltage Regulators 
Solar Power Corporation's BVR series Battery Voltage 
Regulators are designed to provide exacting battery 
voltage control, low quiescent power consumption and 
reliable, long service life. 

Available in weather-resistant or nonweather-resistant 
configurations, the BVR series Battery Voltage 
Regulators are of shunt design. Once the regulating 
voltage is set, the BVR series regulators allow only 
enough current to flow into the battery as needed to 
maintain a full state of charge. Additional solar array 
output current is then diverted through power dissipation 
devices in the battery voltage regulator. In cases where 
the battery falls below full charge, the regulator circuit 
draws Only enough power to operate the terminal voltage 
level detector (typically lmA or less). The low "off" state 
power drain of the BVR series Battery Voltage Regulator 
prevents unnecessary waste of valuable solar-generated 
power in the regulator circuits when the battery is below 
full charge. The battery voltage upper limit is selected to 
minimize electrolysis of water in the electrolyte. In 
addition to preventing unnecessary electrolyte loss, BVR 
series Battery Voltage Regulators protect against 
equipment or battery damage due to excessive voltage. 

Battery Voltage Regulator Specifications 

MODEL NUMBER 3 TYPICAL REGULATING 
VOLTAGE [VOLTS D.C.]

4 CURRENT 
[AMPS)

DIMENSIONS [IN.] 
LENGTH	 WIDTH	 DEPTH

WEIGHT [LBS.] 
NET	 SHIPPING 

2 BVR12-0.3 14.4 0.3 3 1.5 1 1 N/A 

BVR12-O.7 14.4 0.8 7 8 4 3 8 

BVR12-2.0 14.4 2.4 7 9 4 4 9 

BVR12-6.0 14.4 7.2 9 13 6 7 12 

BVR12-12 14.4 14.4 14 13 6 1, 13 20 

BVR24-0.7 28.8 0.8 7 8 4 3 8

BVR24-2.0 28.8 2.4 1	 7 9 4 4
-

9 

BVR24-6.0 28.8 7.2 1	 14 13 6 13 20

*Supersedes Model BVR 12-10 

Notes: 1. The regulators listed above are supplied in non-weather resistant enclosures. Optional weather resistant 
enclosures are available. 

2. 8VR1 2-0.3 regulator is designed for use with the El 2-3652 solar module. It is supplied in a weather resis-
tant enclosure and is mounted on the rear of the module. This model is not adjustable. 

3. Regulating Voltage Range t 1% for Lead Acid Battery. 

4. Maximum Value.

3/79 
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BVR SERIES 

All BVR series Battery Voltage Regulators use solid state 
devices. A MIL STD 723 integrated circuit is used as the 
heart of each voltage regulator. 
Precision metal film resistors are used in voltage level 
detection circuits. Reverse polarity protection and the 
system blocking diodes are incorporated into the unit. All 
power handling devices are derated to assure long life, 
even at constant maximum power dissipation levels. 
Connections to printed circuit boards are made via 
terminal blocks capable of handling up to #10 AWG wire, 
and provide a solid gas-tight seal. Either weather-
resistant feedthroughs or strain relieving cable clamps are 
offered. 
BVR series Battery Voltage Regulators are available in 
standard voltage ranges shown in the specification table. 
If other voltages are required, please contact the 
Technical Service Department at Solar Power Corporation. 

Installation and adjustment 

Neither weather-resistant nor nonweather-resistant 
models of the BVR series Battery Voltage Regulators 
should be installed in areas exposed to extreme weather-
ing. Weather-resistant BVR Battery Voltage Regulators 
may be mounted external to an equipment cabinet or hut, 
although it may be desirable to mount weather-resistant 
regulators behind the solar panel for increased protection.

Nonweather-resistant models must be installed within art 
enclosure. In both instances, air flow around the heat 
sinks and resistor cage must not be impeded. 

Connect as follows: 

1)Connect the solar array leads to the terminals 
marked "ARY" observing correct polarity. 

2)Connect the battery to the terminals marked 
"BAT" observing correct polarity. 

3)The BVR series Battery Voltage Regulator is now 
completely installed. 

To adjust the regulating voltage level: 
1)Disconnect the battery cable from the battery. 
2)Connect a suitable high impedence voltmeter across 

the battery cable. 
3)Adjust the regulating voltage via the small 

potentiometer on the PC board; clockwise to 
increase, counterclockwise to decrease the voltage 
level. 

4)Reconnect the battery cable to the battery terminals, 
observing correct polarity.
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Solar Power Corporation	 Affiliate of EXXON Enterprises, Inc. 

20 CABOT ROAD, WOBURN, MASSACHUSETTS, TELEPHONE (617)935-4600, T'VX 710-348-0602 
Branch Offices: Solar Power Limited 220 Grand Buildings, Trafalgar Square, London WC2N SHB Tel. 01-930-087314 

Solar Power Corporation One Kingwood Place Suite 200 Kingwood, Texax 77339 Tel.# 713-358-3126 
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Silicon Solar Cells & Solar Electrical Modules



Cell Type

Silicon Solar Cells & Solar Electrical Modules 
Design Features: 
Standard Sollos silicon solar cells are produced in 2 
inch (5 cm) diameter, 0,012-0,015 inch (0,03-0,04 
cm) thick discs. 

The cell structure is PIN, achieved by a closely 
controlled gaseous diffusion process to obtain 
maximum conversion efficiencies. Low resistance 
ohmic contact optimizes the collection efficiency 
and the geometry of the contact is chosen to 
simplify interconnection between individual cells in 
uniform and symmetrical patterns. 

Tin (63%)-lead (37%) eutectic alloy contact allows 
for an easy lead attachment and cell intercon-
nection by common soldering techniques. Halves, 
quarters and eighths of the standard cells are pro-
duced as individual cells or in assemblies. 

Power Output 

.. p.	 r	 r7G-25o 

D4-O 45	 8O-12	 - 
.. ..... .	 .,:	 .	 .............. .,.,.. . 

cf -	 •	 . 

Test data relates to 1 sun (1 kW/m2) insolation. 

6 Volt Battery Chargers & Solar Electric Generators 

'0h/e '°" 

/ - - 

Design Features: 
• Hermetically sealed, environmentally stable 

assemblies 
• Screw type, noncorrosive terminals 
• Lightweight 
• Mechanical strength greater than 100 lbs/ft2 

(500 kg/M2) 
• Optical reflectivity on the active side and black 

body emissivity on the back side minimize 
thermal degradation 

Suggested Applications: 
Radios, tape recorders, television, toys, battery 
chargers (In boats, campers, for lights, etc.), 
science projects 
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12 Volt Battery Chargers & Solar Electric Generators 

1. 41 111 10

 P2(60) 

Ad alk 

P2(30) P2(64)

P2(30) module is designed 
for charging 12 Volt batteries 
on boats and In campers. It 
can be either mounted 
within a standard window 
frame or on the floor, as 
It withstands the weight 
of walking persons. 
P2(60) module is designed 
for charging 12 Volt bat-
teries for bill board lights. 
Two rows of 30 cells In 
series are connected in 
parallel. 

P2(64) module consists of 
two discrete 12 Volt arrays. 
This feature provides ver-
satility of interconnections 
to meet specific design re- 
quirements. It Is used either 
for charging 12 Volt or 24 
Volt batteries or directly for 
generating power In water 
irrigation systems. 

Physical Characteristics	 Electrical Characteristics* 
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The encapsulations of 
individual cells or cell 
assemblies are custom 
designed to comply with 
specific requirements. 

6 Volt assemblies are 
structurally identical with 
12 Volt assemblies. 
They are basic units for a 
wide range of terrestrial 
applications.

Sollos Inc. 
2231 S. Carmelina Ave. 
Los Angeles, CA 90064 
Phone: (213) 820-5181 
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Tideland Solar Power Stations, SolaVlvals 

Sola Viva® Solar Power Stations 

DESCRIPTION OF OPERATION

Present day solar cell installations of good design con-
vert sunlight into electrical energy utilizing highly effi-
cient silicon transducers and modern packaging 
techniques. Limited numbers of terrestrial solar cell in-
stallations have been in operation for more than 10 
years. Improvements required for long-term reliability 
resulted in two main accomplishments: production of 
cells which respond in the red portion of the light spec-
trum at .7 to .9 microns to penetrate the earth's atmos-
phere, and improvement in the packaging of the cells to 
survive long-term service in terrestrial application. 
Tideland has introduced SolaViva solar power systems 
which incorporate both these improvements. 

The first SolaViva system for powering aids to naviga-
tion equipment was installed in December 1972 in the 
Gulf of Mexico. Atthiswriting morethan 1000SolaViva 
power stations of various sizes have been operating on 
offshore locations throughout the world with out-
standing success. 

SolaViva Power Stations incorporate Tideland's 
proprietary specification for solar cells and charge-
retaining deep-discharge storage batteries of the very 
low self-discharge type. SolaViva is an excellent choice 
for any application requiring remote power; routine 
maintenance requirements are reduced to a semi-
annual inspection visit, and the costly practice of trans-
porting heavy primary batteries or gas cylinders, or the 
exchange of secondary batteries required for many 
remote power systems is no longer necessary. 

The SolaViva Power Station responds to the overall sky brightness as a source of power rather than 
an image of the sun. Sunlight falling on the solar cells is silently converted into electrical energy dur-
ing the sunlight hours. This energy is accumulated in a storage battery and is used at night by visual 
signal lights and throughout the 24-hour day by audible fog signals. The systems are designed to 
provide a quantity of ampere-hours per day at the operating voltage which is equal to the load 
placed on the system. Conversion of the solar energy does not use up or wear out any portion of the 
SolaViva system. Life expectancy is only limited by the capacity of the battery to accept charges and 
the durability of the system's packaging. The solar cells are not affected by thin dust or minute sur-
face scratches. 

The Tideland SolaViva Power Station incorporates an array of modules consisting of multiple solar 
cells that are connected in series/parallel arrangement to produce the proper charging voltage to 
the battery with the inherent ability to supply current as required by the internal resistance changes 
in the battery. The SolaViva system and its charge-retaining deep-discharge storage battery are cor-
rectly matched so that the battery is kept properly charged without the use of a power-consuming 
regulator. The high degree of efficiency of this carefully matched system ensures that at least eight 
days of power to the aids to navigation is always present even during the lowest charging periods of 
winter. In the event of severe storm damage or loss of the solar array this reserve power is necessary 
to assure standby requirements of federal regulations. 
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SELECTION PROCEDURE 

Selection of the proper size SolaViva Power Station for 
a typical application is determined from the voltage 
and ampere-hours per day required by the load of the 
aids to navigation devices to be operated. The geo-
graphical location of the installation must also be 
known due to variations in weather conditions 
throughout the world. Typically, the weather on the 
shoreline in any area location is not as favorable as 
weather farther offshore for the required amount of an-
nual sunshine hours available. The procedure to follow 
in determining the proper size SolaViva is to first de-
termine the location of the installation on the Geo-
graphical Factor Chart and identify the location fac 
tor, and then select from the Selection Table a power 
station model which shows the ampere-hour value per 
day nearest the load requirement of the installation. 
Multiply this value by the location factor. If the result-
ing ampere-hours are less than the load requires, 
select the next larger size power station and multiply 
this value by the location factor. If the result meets your 
load requirement use it. If it is too large, select the next 
smaller size power station.

POWER STATION COMPREHENSIVE CON	 iUR 
MODEL PART NUMBER 

For 12V Operation 

SV-6M 042.4110.120601 Fiberglass panel to mt un 
(Weight: 62 kg) 

SV-I8MIJ 042.2117.121802 Fiberglass panel in str	 ural 
(Weight: 177 kg) ChiOn, TI-5 box c/w batteries 

SV-24U 042.1112.122403 Single-lift FG-15 fiberglass an 
(Weight: 242 kg) 

SV-30MU 042.2114.123004 Fiberglass panel in str	 ural 
(Weight: 320 kg) chion, TI-10 boa c/w 1'	 ries 

SV-30U 042.1112.123004 Single-lift FG-15 fiberglass en 
(Weight: 320 kg) 

SV-36U 042.1113.123605 Single-lift P0-30 fiberc 	 sen. 
(Weight: 315 eg) 

SV-42U 042.1113.124206 Single-lift FG-30 fiberglass en 
(Weight: 439 kg) 

SV-48MU 042.2115.124806 Fiberglass panel in St. 	 ural 
(Weight: 514 kg) chion. TI-15 box 01w P	 eries 

SV-60U 042.1213.126007 Single-lift FG-30 fiber..s en 
(Weight: 499 kg) 

POWER STATION 
MODEL 

For 6V Operation 

SV-3MU 042.4110.060401 Fiberglass panel to mount unc 
(Weight: 35 kg) illustration of Sofa-Chan 155). 

SV-15MU 042.2116.061602 Fiberglass panel in str 	 gal 
(Weight: 143 kg) chion, 8-5 box c/w ba 	 ies 

BASE MOUNTING SPECIFICATIONS 
SV-4M and.SV-6M Panel: 200mm bolt circle (See ML-155 lantern pub. 
no. 3M030274.(; Stanchion b&se bolt hole center: 560mm s 406mm: TI-S 
box bolt hole centers: 839mm x 406mm; TI- 10 boa bolt hole centers: 
1245mm x 406mm: TI-15 boa bolt hole centers: 1245mm a 647mm; 
FG-15. FG-30 enclosures bolt hole centers: 1125mm x 400mm.
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This page has been removed because of copyright information. 
For information on the design of Tideland Solar Power Stat-ions 
contact Tideland Signal Corporation, P. 0. Box 52430, Houston, 
Texas 77052.
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MG-600/4 MODULE 
MG-1200/2 MODULE* 

Tài$óóó 

MG-300/12 MODULE

MG-600 MODULE 

TIDELAND SVC SERIES SOLAVIVA' 
ELECTRIC GENERATORS 

Description 

The SolaViva SVC Series comprises a variety of 
units, each one of which is a complete, self-
contained solar electric generator. Compo-
nents for a unit are the FG-4 fiberglass battery 
box with adjustable fiberglass head on which 
an array of one or two SolaViva energy 
modules of the MG-600 type is mounted. The 
battery box contains the required number of 
VIVA ® V6CR charge-retaining batteries and is 
reinforced by two galvanized steel channel 
mounts on the bottom. The batteries are pro-
tected from shock by polystyrene packing 
material. A NavGrip ® cable gland bushing is 
provided on one end of the battery box for 
cable entry. All additional hardware used in 
assembly of the unit is stainless steel. 

The generator is fully factory wired and tested 
under actual sunlight conditions. A blocking 
diode is included within the interiorwiring from 
the array modules to the batteries to protect the 
photovoltaic cells from reverse current at 
nighttime. Self-regulation, a unique feature of 

DOUBLE MODULE UNITS 

MODEL NO.	 CONFIGURATION
	

VOLTAGE 
& PART NO. 

SVC-24 2
	

2 MG-12002 Modules
	

2 
044.1001-1
	

2 V4CR Batteries 

SVC-12.4
	

2 MG-6004 Modules
	

1 
044 1001-2
	

2 V4CR Batteries 

SVC-12.'6
	

2 MG-600 Modules	 b 
0441001-3
	

2 V6CR Batteries 

SVC-612
	

2 MG-600 Modules	 12 
044.1001
	

2 V6CR Batteries 

SVC-3.24
	

2 MG-300t12 Modules
	

24 
044,1001-5
	

4 V6CR Batteries 

Annual Iightfall data for an installation site within any area of the wcr 

Signal Corporation through its exclusive arrangement with the Institute 
national meteorological authority headquartered in Houston T€ s 

*Identical in appearance to MG-600/4. Internal wiring 
difference only. 

U.S. Patent No. 4,097.308. Additional patents pending.
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This page has been removed because of copyright information. For 
information on the MG-600 SolaViva energy modules contact Tideland 
Signal Corporation, P. 0. Box 52430, Houston, Texafl 77052. 
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Tideland designed and engineered 
the MG-600 in glass to meet the most 
severe environmental requirements 

recesses permit a close fit between top High clarity glass plate permits 	 4 Rugged 255 borosilicate molded 

I

Molded 
and bottom plates	 insuring thin and uniform . transmission of unused infrared 	 4 crown glass makes themoduIe 

distribution of the potting compound. through the module. 	 .' 4 
weatherproof. 

A 
\ j

.. — —. .-	 -

::..: 

r -i'St qLaIIt/ silicon wafers. Single I 	 S Patent No 4,097,308 '	
.	 BOtti 1- 	 ate ,-,itn the	 eai 

cells provide approximately 0 57 volts 	 •	
ditionaI patents pendi' 	

.,j plate. Sea between the two has minimum 

open circuit at room temperature. 	 .. -	 . 	 exposure to moisture penetration. 

Solar modules of plastic can general-

ly perform well in clean, dry environ-
ments such as desert areas and 
mountain elevations. But in marine 
environments, exceptionally harsh 
deteriorating influences can dras-
tically shorten the service life of these 
modules. 

Included among these influences: hu-
midity, salt water, atmospheric pollu-
tants, chemical agents, drilling muds, 
sulfur compounds, bird droppings, 
degrading sunlight (both ultraviolet 
and infrared) and extreme tem-
perature changes. 

Records show that failures of solar 
modules have been most often due to 
failure of the module package rather 
than cell failure. 

The Tideland solution—molded glass 

Tideland Signal's MG-600 SolaViva 
solar energy module is an assembly of 
sixteen silicon photovoltaic cells 
positioned, not in a plastic en-
closure, but in two closely fitting 
plates molded of Special 255 borosi-
licate crown glass, offering these 
solid advantages: 
1. Excellent protection for cells and 
potting compounds—the top glass

plate reduces transmission of ultra-
violet radiation. 
2. Reduced mechanical stresses 
—glass and commonly used solar 
photovoltaic cells have similar 
thermal expansion characteristics. 
3. Cooler, more efficient 
operation—glass plates permit trans-
mission of unused infrared radiation 
all the way through the module. 
4. Excellent resistance to corrosive 
organic and inorganic agents—glass 
is inert to almost all chemicals. 
5. No cracking of cells due to pack-
age flexure. 
6. Physically stable in presence of 
eroding materials—module is un-
affected by windborne sand and 
spindrift. 
7. Self-cleaning—the glass surface 
is easily washed by rain. 
8. Low maintenance—paint or any 
other undesirable coating can be 
easily removed. 

These pluses add up to exceptional 
durability and dependability in harsh 
environments. 

Detail of module construction 

Tideland engineered refinements of 
design and construction into the MG-
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600 that are further assurance of de-
pendability: 

'Both the top and bottom plates of the 
MG-600 have downwardly directed 
sidewalls. The bottom plate is 
positioned beneath and within the 
sidewall of the top plate. This re-
duces the exposure of the seal to 
moisture and other degrading agents. 

'Silicone adhesive binds the inter-
face of the two plates along the entire 
lip where they meet. This adhesive 
provides an almost impervious bond 
to the "sandwich" of glass plates. 

'Solar cells fit into molded recesses 
in the top plate. This reduces plate 
separation to a very thin and uniform 
space to contain the cell potting com-
pound. This, in turn, solves the ther-
mal expansion problem while insur-
ing more uniform stress distribution. 

'The potting compound has been 
selected to eliminate reflection of the 
inner surfaces of the glass. 

'Texturized interior surfaces of the 
top and bottom glass plates increase 
adhesion of the potting compound by 
increasing the effective bonding area. 

'Terminals are of naval brass, coated 
with tin for the utmost in durability. 
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SOLAVIVA PHOTOVOLTAIC CELL 

Tideland's refinements of 
reliability of SolaViv 

A Tideland SolaViva Electric Gener-
ator incorporates an array of MG-600 
modules which supply electrical en-
ergy to a bank of charge-retaining 
batteries during periods of sunshine. 
The sizes of the array and the battery 
are carefully matched to the electri-
cal load and the geographic location 
to assure a constant supply of elec-
tric energy to the rated requirement of 
the load. 

System operation 

Six years of extensive, in-the-field 
research have led Tideland scientists 
to the observation that the most com-
mon system failures are of three 
kinds: 

a) failure of the module package; 
b) failure of external voltage regula-
tion systems; 
c) failure of batteries due to over-
charging in the high-radiation sum-
mer months. 

The MG-600 package was developed 
in direct response to the first type 
failure. Current experience ap-
proaches or exceeds the observed 
lifetime expectancy of previous solar 
modules without a single known elec-
trical failure due to package failure. 
Indeed, one array is in service de-
livering its rated power after three and 
a half months of accidental submer-
sion in sea water! 

To address the latter two failure 
modes, Tideland has taken a pio-
neering approach, that of sizing the 
MG-600 module for self-regulation. 

Several design considerations lead in 
this practical direction: 

1. Properly designed systems with 
fewer parts have greater reliability. 

2. SoiaViva Electric Generators are 
used as isolated power sources and, 
as such, should not be designed to 
provide maximum power during 
periods of peak solar radiation, but in-
stead to provide power at an essen-

tially constant rate over the annual 
solar cycle. 

3. For maximum system reliability and 
battery lifetime, the charge state of 
the batteries must be carefully nur-
tured between nominal minimum and 
maximum levels. The minimum 
charge state in winter must provide 
adequate reserve for weather ano-
malies, while the maximum charge 
state achieved in the late summer 
months must not exceed the rated 
battery capacity lest the electrolyte be 
evaporated due to overcharge. A 
properly designed array will have 
maximum current generation when 
the battery is partially discharged 
(winter) and will reduce current when 
the battery is near full charged (late 
summer). 

The keys to self-regulation 

The vital question in design of the 
self-regulating system is "How many 
solar cells are enough?" This raises a 
second question, "What cells?" 

Three quantities in combination 
indicate the quality of solar cells: 

1.Conversion efficiency (the amount 
of electrical energy generated in re-
lation to the incident solar energy); 

2.The open circuit voltage (the 
voltage produced across the cell with 
no load); 

3.The fill factor (the ability of the cell 
to provide current as the reverse volt-
age across it increases). 

Generally, the higher these numbers,

the better the cells. It was decided to 
specify the best state-of-the-art ter-
restrial cell in the MG-600 solar 
module. Using these cells, it is pos-
sible to use the minimum number of 
cells, a result consistent with all of the 
above considerations. Careful studies 
showed that the optimum number is 
16 provided first quality silicon solar 
cells are used. For lower grade cells, it 
would be necessary to use as many 
as 20 to achieve nominal charge effi-
ciency and this necessitates external 
regulating devices since the module 
continues to supply current to the 
battery at reduced levels even though 
the battery is fully charged. 

The blue curves on the graph show 
the current delivering capacity of the 
MG-600 module at "standard solar 
conditions" at two different cell sur-
face temperatures versus the termi-
nal voltage of the 6 volt (nominal) bat-
tery. Note that the 27° C curve shows 
that the module delivers nearly con-
stant current up to a battery voltage of 
8 volts. At this point, the current ca-
pacity of the cell drops sharply reach-
ing zero just over 9 volts. 

The red curve shows the charge 
state of the battery versus the termi-
nal voltage. Note that for reduced 
charge states the terminal voltage is 
near 6 volts, rising gradually until the 
full charge state is reached. At this 
point, a rapid increase is seen, rising 
to about 7.8 volts as the battery is 
charged to 120% of its rated capacity. 
At first glance, it would appear that 
the battery would be overcharged. 
Several factors mitigate against this: 

1.During the summer months, when 
the operating temperatures are great-
est, current delivering capacity is re-
duced in accord with the 60° C curve. 
(The operating temperature will be 
about 25°C above ambient in full 
sun.) 

2.The charging efficiency of the bat-
teries decreases as the full charge 
state is neared. This means that the 
fractional energy stored in relation to 
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roven technology assure 
a Electric Generators 

the energy delivered to the battery by periods, a diode is placed in series 	 Experience has shown a remarkable 
the solar array decreases.	 with the array. This effectively causes	 system reliability provided the sys-

the blue curves to shift approximately tern is properly sized for the load de-
3. For protection of the solar array 0.3 volts to the left. 	 mand and is properly installed. 
from reverse currents during dark 

SELF-REGULATION RELATIONSHIPS OF MG-600 AND 
V6CR LOW SELF-DISCHARGE LEAD ACID BATTERY 
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V6CR BATTERY VOLTAGE VS. STATE OF CHARGE 

Annual lightfall data for an installation site within any area of the world is available from Tideland 
Signal Corporation through its exclusive arrangement with the Institute for Storm Research, an inter-
national meteorological authority headquartered in Houston, Texas. 
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Tideland arrays of MG-600 
modules offer dependable power 
for a wide range of applications 

COMMUNICATIONS 
SolaViva Electric Generators provide dependable, economical power 
for unmanned VHF, UHF, TV and broadcast transmitters subject to 
the most severe temperature and weather conditions. These gen-
erators offer solid-state reliability. No moving parts. Noiseless and 
ripple-free. Maintenance costs are low and service life is 10 years. 

Shown: SV-60U SolaViva Electric Generator (foreground) and 

SV-30U SolaViva Electric Generator (background).

AUTOMATION OR CATHODIC PROTECTION 

Completely self-contained, SolaViva Electric Generators are a 
simple, effective method of powering automation or corrosion pre-
vention systems. They will activate remote control devices which 
measure flow rates or monitor control equipment operations. 
SolaViva Electric Generators, used in impressed current applica-
tions, provide cathodic protection for pipelines, well casings and 
other structural assemblies. 

Shown: SVC-6/12 SolaViva Electric Generator. 

---------. 

-

.4'.
-. if 

-.-. 

IL 

AIDS TO NAVIGATION 

For seven years Tideland tias conducted on-site observation of a 
variety of cell sizes and packaging techniques used in solar arrays 
deployed on several hundred offshore locations. This has prepared 
Tideland for its present role of worldwide leadership in solar energy 
used to power marine aids to navigation. 

SolaViva systems. utilizing the unique and proprietary MG-600 pho-
tovoltaic module, dependably supply power for signal lanterns, fog 
signals, radar and radio beacons. They operate round the calendar 
and round the world, despite the seas hostile environment. 

Shown: SV-60AU SolaViva Electric Generator on platform, SVB-6M

RAILROADS 

SolaViva Electric Generators can reduce the hazards of unprotected 
railroad crossings by providing the ultimate dependable power for 
lights, gates and bells round the clock, 12 months a year. Other pos-
sible applications include communications, automatic controls, 
signals. packaged power for rolling stock. SolaViva systems are 
sized for the lob, matched to specific requirements to give reliable 

service. 

Shown. SV-48MU SolaViva Electric Generator. 

SolaViva Electric Generator (2 units) on buOy.	 114



This page has been removed because of copyright information. For 
information on the MG-600 Sola Viva energy module contact Tideland 
Signal Corporation, P. 0. Box 52430, Houston, Texas 77052. 
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WARNING: 

HAZARDS TO HEALTH: 

LARGE SERIES STRINGS OF SOLAR PHOTOVOLTAIC CELLS CAN 

PRODUCE HIGH VOLTAGES AND THUS COULD BE A HUMAN SHOCK HAZARD. 

THE ELECTROLYTE SUPPLIED WITH THE SYSTEM'S STORAGE BATTERIES 

CONTAINS STRONG ACID OR STRONG CAUSTIC MATERIAL. CARE MUST BE 

TAKEN IN HANDLING AND INSTALLING THE STORAGE BATTERIES. 

HAZARDS TO EQUIPMENT: 

FAILURE TO FOLLOW THE ELECTRICAL ASSEMBLY OF THE SYSTEM 

COULD RESULT IN SERIOUS DAMAGE TO THE SYSTEM COMPONENTS AND 

ELECTRICAL LOAD EQUIPMENT. CAREFULLY READ AND UNDERSTAND 

ELECTRICAL ASSEMBLY STEPS BEFORE PROCEEDING WITH EACH INSTRUC-

TION.

SEE PART 1, SECTION 2 FOR FURTHER SAFETY PRECAUTIONS. 
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PART  

GENERAL INFORMATION 

SECTION 1	 INTRODUCTION 

1.1	 FUNCTIONAL DESCRIPTION OF SYSTEM AND COMPONENTS 

The Motorola solar power system is a complete (direct-current) power
	

Cn 
source which has been configured for specific customer requirements from a 
selection of modularized components. 

In general, a solar power system is comprised of three basic building 
blocks: an array of photovoltaic solar modules which produce electrical power, 
a power conditioning block that includes storage capability (batteries) and a 
load.	 A typical solar battery charging system is shown in Figure 1.1. 

When the solar array is exposed to sunlight, electrical energy is generated. 
This electrical power is used directly by the system load, and/or stored in the 
battery for later use by the system load. 

The voltage regulator insures that the battery is not subjected to excess 
charging potentials (which can reduce battery life) and protects the load 
equipment from excess voltages. The need for the voltage regulator can be 
seen in Figure 1.2, which shows the array output voltage and the desired 
charging voltage for lead acid batteries, in a typical 12 volt system at 
various temperatures. The voltage regulator limits the battery charging 
potential, to the proper level over the operating temperature range. The 
blocking diode prevents the battery from discharging through the solar array 
during non-sunshine .periods. The battery is sized to provide ample energy storage 
capacity for periods when sunlight is not available (cloudy, nocturnal and 
seasonal).

I	 tt) 
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Array
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I Blocking Diode 

I	 I	
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Figure 1.1 Typical Solar Battery Charger. 
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Figure 1.2 Array Output Voltage vs Desired Battery Voltage 

1.2	 1SOLAR SYSTEM DESIGN FEATURES 

The dependable solar phol-ovo.ltaic cell is the only device capable of 
converting sunlight directly into electricity. The unique solar cell is 
light weight, has no moving.parts to wear out, is totally noiseless, generates 
no waste by-products or pollution and comes with a theoretical lifetime far 
exceeding any other power supply. But, best of all, the solar cell requires 
no other energy source, no fuel other than sunlight--which-is cost-free--to 
provide instant electricity. 

• Interconnected in modules and integrated into solar power systems, these 
Unique solar cells provide an automatic, maintenance free, unfailing source 
of primary or standby power under even the most severe weather conditions and 
man-made or environmental stresses. 

Motorola incorporates state-of-the-art cell design, interconnection and 
encapsulation techniques to tap and transform the sun's radiant energy at the 
highest levels of performance. 

The solar cells are interconnected by means of a flexible copper-conductor 
printed circuit laminate located beneath the cells (Figure 1.3). The use of 
multiple contacts significantly enhances overall reliability of the Motorola 

modules. 

The interconnect is then completely encased in a clear silicone gel within 
a peripherally-sealed, glass-and-stainless-steel case. This not on-ly protects 
the cells from shock and vibration, but also locks out the corrosive effects 
of any moisture which might otherwise seep into the system. The net effect 
is amass produced, rugged, reliable maintenance-free solar module. 

The Motorola voltage regulator features 100140 solid state reliability. 
The unit is completely weatherproof for outdoor mounting and has the blocking 
diode internally built-in. The regulator also incorporates internal protec-
tion against polarity reversal during installation. A temperature sensing 
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Figure 1.3 Module Construction Cross Section 

thermistor is part of the master regulator circuitry and is used to measure 
the ambient temperature in the vicinity of the batteries, thus approximating 
the temperature of the battery electrolyte. As was shown in Figure 1.2, the 
desired charging voltage of the batteries changes with temperature. As the 
tmperature varies, the thermistor controls the output voltage of the regulator 
to conform to the desired battery charging voltage. 

With the aid of a highly sophisticated system-sizing computer program, 
Motorola solar systems are tailored to specific site locations and load 
conditions. This computer program performs thousands of calculations 
in determining the optimum array tilt angle, the number of modules in series 
and parallel required, and the amp-hour battery capacity needed for a specific 
application.	 (See Section 8.5 for this application). The result of all 
these calculations is maximum performance at minimum cost. 

1.3	 SOLAR SYSTEMS STANDARD WARRANTY 

Seller warrants that the Motorola m'anu'factured components of its Solar 
Systems sold hereuner will, at the time of shipment, be free and clear of 
all liens and encumbrances and will be free from defects in material and work-
manship and will conform to Seller's applicable specifications or, if appropriate 
to specifications accepted by Seller therefor, non-Motorola manufactured pro-
ducts (e.g., batteries) are subject to the warranties, if any, provided by 
their manufacturers. Seller's obligation hereunder shall be limited to either 
refunding the purchase price or repairing or replacing any products for which 
written notice of nonconformance hereunder is received by Seller within one 
year following the date of delivery, provided such nonconforming products are 
with Seller's written authorization, returned F.O.B. Seller's plant within 
thirty (30) days after such one year period. This warranty shall not apply to 
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any products which Seller determines have, by Buyer or otherwise, been subjected 
to testing for other than specified electrical characteristics or to operating 
and/or environmental conditions in excess of the maximum values established 
therefor in the applicable specifications, have been the subject of mishandling 
misuse, neglect, improper testing, repair, alteration, damage, assembly or 
processing that alters physical or electrical properties, or which have been 
subject to Acts of God. 

IN . NO EVENT WILL SELLER BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL 
DAMAGES. THIS WARRANTY EXTENDS TO BUYER ONLY AND NOT TO BUYER'S CUSTOMERS OR 
USERS OF BUYER'S PRODUCTS AND IS IN LIEU OF ALL OTHER WARRANTIES WHETHER EXPRESS, 
IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS. 

1.4	 WHO TO CONTACT IN CASE OF DIFFICULTY 

Should any questions or problem areas arise during the installation, 
operation or maintenance of the solar photovoItaic power supply, please contact 
the agency which installed your system, the nearest authorized Motorola service 
representative listed on the following page, or the Motorola factory at the 
following location:

Solar Product Marketing 
Motorola Semiconductor Group 
P. 0. Box 2953 
Phoenix, Arizona 85062 
602-244-5459, 
TWX #910-951-1334 
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Cn 
rn SECTION 2	 SAFETY PRECAUTIONS - EQUIPMENT AND PERSONNEL 

The solar array will always produce electrical energy when the sun is 
shining on it. Therefore, it is suggested that the power output terminals of 
the modules be electrically shorted together during module handling and array 
assembly. (Note: The shorting material must be removed during final electrical 
assembly in order to provide proper system performance). 

The storage batteries supplied with the system contain strong acid electro-
lyte (lead acid and lead calcium batteries) or strong caustic electrolyte 
(nickel cadmium batteries). Care must be taken in their installation and 
interconnection. 

The following general precautions for the safe handling of the storage 
batteries should be observed. More detailed safety precautions are included 
in the battery instal lation instructions (See Part 2, Section 2). 

a) In the operation of an acid battery, hydrogen gas is liberated, 
which may be explosive if ignited. Keep open flames, burning 
material, and spark-producing sources away from the batteries. 

b) The battery area should be well ventilated to prevent hydrogen 
gas build-up, particularly at the ceiling. 

C)	 Cells connected in series can produce high voltages and thus could 
be a human shock hazard. 

d) The electrolyte of the battery should be handled only when 
wearing plastic or rubber gloves and apron and safety goggles. 
Have fresh water available so that if electrolyte does come 
in contact with the skin, it can be rinsed off immediately. 
If electrolyte comes in contact with the eyes, flush liberally 
with water and consult a physician. A mixture of 1 lb. bicarbonate 
of soda in one gallon of water can be used to neutralize acid 
spills. Apply the solution until bubbling stops, then 
thoroughly rinse the area with water. A mixture of 1 lb. of 
boric acid in 1 gallon of water can be used to neutralize 
caustic spills. Apply the solution in the above manner, being 
careful to thoroughly rinse any affected galvanized steel 
surfaces. 

e) When diluting an electrolyte, always add electrolyte to water 
slowly, with constant stirring. Explosive reactions can occur 
if this procedure Is not followed. 

During normal operation of the solar array, the voltage regulators may be 
quite hot. Care should be taken to avoid burns when working in the vicinity 
of the voltage regulators.

-n 
rn 
—I 

C,., 

127



SECTION 3	 INSTALLATION AND TEST EQUIPMENT
rT, 

The mechanical	 and electrical	 assembI,) of Motorola solar systems 	 is 
straightforward and requires a minimum of special 	 tools.	 A standard selection 
of wrenches,	 screwdrivers,	 pliers,	 etc.,	 should be available at the	 installation. 
Refer to the Parts List (Part 2, 	 Section	 1.4)	 for a complete	 list of assembly 
hardware and fasteners.	 Basic tools for the assembly of this type hardware are 
required.	 Your tool	 selection should	 include,	 but not be	 limited to,	 the 
followina:

Standard spade blade screwdrivers 
Standard Phi II ips head screwdrivers 
Standard socket wrenches 
Standard box wrenches 
Ratchet socket wrench drive 
Wire cutters	 (dikes) 
Wire stripper	 (for #18,	 #10 and #4 wire) 
Crimping tool	 (for #18 and #10 terminals) —4 
16 oz.	 steel	 hammer 
Fliers or vise grips —4 

Work gloves rn 
Torque wrench	 (with drive to fit socket wrenches) 
Drill	 (hand or power - with portable supply) 
Metal	 drill	 bits 
Me-t-a.l	 fil es,	 rat	 tail	 and	 flat rri 

Hacksaw and blades
Soldering iron (with portable power supply) 
Syringe filler 
3 ft. jumper cables, #10 wire or larger with alligator clamps 
Tilt meter (to measure array tilt angle) or level and protractor 
Wire crimp connectors or wire nuts, #18 and #10 
2 Hydrometers high - s.g. 1.150 to 1.300 

low - s.g. 1.050 to 1.250 
Gallon jugs of potable water 
Plastic mixing bucket 
Plastic apron 
Safety goggles 
Rubber or plastic gloves 
Glass thermometer 

pt. rust preventative paint and applicator 
1 lb. box boric acid or bicarbonate of soda (See Safety Instruc-
tions, Part 1, Section 2) 

It is recommended that this manual be thoroughly read and understood 
and any necessary adjustments be made to the tool selection before departing 
for the job site. Check the Parts List thoroughly to be sure all parts have 
been received. It is recommended that extra nuts, bolts, washers, etc., of 
the appropriate sizes and lengths be included in the tool selection. 

In addition to the above supplies, the following special test equipment 
is recommended: 

Simpson Model 260 Volt-ohm meter or equivalent 
Simpson Model 6709 external, portable 50 amp shunt or equivalent 
Fluke Model 8020A Multimeter or equivalent 
(Optional) Matrix Solameter Model MK1GM solar radiometer or 
equivalent (to measure solar irradiation). 
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mim 
Scaffold Mount 

Double Pole Mount 

SECTION 4	 ASSEMBLY AND INSTALLATION INSTRUCTIONS 

4.1	 GENERAL OVERVIEW OF TYPICAL SYSTEM 

Pictured below (Figure 4.i) are typical system installations showing 

a variety of installation alternatives. 

Before beginning installation of the system, it is suggested that all 
the members of the support frame (and scaffold, if used) be laid out in the 
proper positions and orientations in an assembl y "dry run" to gain familiarity 

with the

- 

.__T•

Roof Mount 

Figure 4.1 Typical System Installations 

Carefully read through the assembly instructions making sure each step 
is understood. (BE SURE TO REFER TO PART 2, SECTION 8.1 TO DETERMINE IF THERE 
ARE ANY UNIQUE ASSEMBLY INSTRUCTIONS FOR YOUR SYSTEM). Make note of these 
changes in the appropriate locations in this section. As you read through 
the directions, carefully check that each structural member and the associated 

130



ROOF MOJNT 

POLE .IOUNT 

CONCRETE PAD (GROUND) (4JNT

F01.1

WALL MOUNT 

hardware called out in the instructions and itemized in the systems Part List, 
Part 2, Section 8.4 has been delivered to the site. 

After the assembly "dry run" has been completed, the actual step-by-step 
assembly and installation of the system can be accomplished with a minimum of 
effort. 

In the Northern hemisphere,'the solar array must be tilted toward 
true South and vice versa (true North) in the Southern hemisphere. Special 
'attention must always be given to determine true North or , true South, rather 
than magnetic North/South at the application site. 

4.2	 MECHANICAL ASSEMBLY 

4.2.1	 ASSEMBLY OF THE SUPPORT STRUCTURE 

Refer to the assembly and fastener detail drawing(s) in Part 2, 
Section 8.2 and Parts List, Part 2, Section 8.4. 

The installer must provide adequate provisions and hardware for anchoring 
the array mounting brackets (feet) and, if desired, shelter for the Storage 
batteries to minimize environmental exposure. Part 2, Section 8.5 details 
the extreme minimum and maximum temperatures for which your system was designed. 
Provisions should be made to protect the batteries such that the temperature of 
the battery electrolyte does not exceed these temperature limits. 

Below are sketches of typical anchoring techniques for a variety of 
array mountings. (Figure 4.2) These are provided as suggested mountings only 

Figure 4.2	 Typical Anchoring Methods 
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and any equivalent mounting . can be utilized. Also, in order to reduce the 

area occupied by the array, the mounting brackets (feet) can be located on the 
inside, of the framework (pointing inward). The center-hole spacing for the 
anchor bolts indicated on the assembly drawing is for the normal (outside) 
mounting. 

NOTE: When assembling a structure, fasteners should be hand tightened 
only, until the complete structure is in place. 

4.2.1.1 

Locate the four mounting brackets, Parts List (PIL) #5, on existing anchor 
bolts (customer supplied) and attach each with hex nut and lockwasher (customer 
supplied). Hand tighten only. 

4.2. 1.2 

Attach rail (horizontal member), P/L #2, to the southern-most brackets 
if array is located in northern hemisphere, or the northern-most brackets if 
array is located in the southern hemisphere. Use fasteners as called out and 
shown in Detail "G" on Fastener Detail, Drawing. Hand , tighten only. 

4.2.1.3 

Attach spreader (vertical member), P/L #1, to one end of the rail. Each 
end spreader can only be assembled in one position. See electrical schematic, 
Part 2, Section 8.3, for regulator bracket location, since the spreaders with 
the regulator bracket mounted between them must be "open" to each other as 
shown on array assembly drawing (not applicable to 1 module wide arrays). See 
Detail "D". Assemble spreaders to rail flat on ground and hand tighten only. 

4.2.1.4 

Attach the remaining rail, P/L #2, to the top of each spreader and hand 
tighten only. 

4.2.1.5 

With array frame still on the ground, attach the outer support braces, 
PIL #37, to the upper rail, P/1_42, according to Detail "A" and hand tighten 
only. 

4.2.1.6 

Attach inner support brace, PIL #36, if supplied, to outer support brace, as 
shown in Detail "B" and hand tighten only. 

4.2.1.7 

Raise the array frame by the top rail and attach the free end of each 
support brace lo the two remaining mounting brackets, as shown in Detail "C". 
Hand tighten only. Adjust the array angle initially to allow easy module and 
wiring attachment (generally the most vertical angle possible). This is 
accomplished by telescoping the inner and outer support braces to their longest 
fastenable length. Proceed with module attachment. 
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4.2.2	 MECHANICAL ATTACHMENT OF MODULES AND REGULATORS 

4.2.2.1 

Attach solar module(s), 
and from left to right where 
whenever modules are exposed 

Module terminals should 
below (Figure 4.3). See Def 
only.

P/L #35, to the array frame from bottom to top 
applicable. CAUTION: Voltage is being generated 
to light. 

be in the upper right corner when viewed from 
I "E" for fastener details. Hand tighten 

Figure 4.3 "Shingling" of Module Flanges During Assembly 

4.2.2.2 

Refer to Drawing for Regulator and Bracket Fastener Details. Determine 
the type of regulator mounting bracket, P/L #6 a, b or c, and using the 
appropriate fasteners, attach the master re g ulator, P/L #16, and slave regulator(s), 
P/L #38, if required, to the mounting bracket (if not already done). Tighten 
securely. The regulator connectors should face down when the bracket is installed. 
For multiple regulator mounting brackets, F/L 6a only, attach the insulator 
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block, P/L #31, and buss bars, P/L #7, to themounting bracket (if not already 

done) using the appropriate fasteners. Tighten securely. 

If the regulator panel isto be located under the array, attach the, 
mounting bracket to the array frame spreaders inthe location indicated on the 
system electrical schematic, Part 2, Section 8.3, and as shown In the above 
referenced drawing using the appropriate fasteners. 

If the regulator panel is to be located in the battery/equipment shelter 
(i.e., remote from the array), attach it to a vertical wall of the shelter using 

the appropriate fasteners. 

4.2.2.3 

Tighten all fasteners for the entire structure in the reverse order of 
installation. Tighten securely but do not overstress. Do not exceed the 
following torque figures: 

Bolt Size	 Tightening Torque 

1/4-20	 20 in-lbs 

3/8-16	 250 in-lbs 
1/2-12	 550 in-lbs 

4.2.3	 BATTERY AND THERMISTOR - MECHANICAL INSTALLATION 

4.2.3.1 

Refer to the installation instructions for the storage batteries supplied 
in Part 2, Section 9. Follow the safety precautions in Part 1, Section 2 when 
handling and installing the batteries. 

4.2.3.2 

The thermistor should be located in the immediate area of the batteries 
to sense the battery temperature. The thermistor housing should be firmly 
attached to the battery support rack, or banded or taped to the side of a 
battery. See Figure 4.4.	 If not already done, the thermistor lead wires 
should be lengthened appropriately to reach the regulator panel. Use the 
#18 wire supplied (25 feet) and solderless crimp connectors. 

4.3	 ELECTRICAL ASSEMBLY 

Refer to the electrical schematic for the system, Part 2, Section 8.3. 
Also, refer to the regulator and bracket fastener detail drawing Part 2, Section 
8.2.

Before beginning the electrical assembly of the system, it is suggested 
that all the instructions be thoroughly read and understood. Be sure to refer 
to Part 2, Section 8.1 to determine if there are any unique electrical assembly 
instructions for this system. Make note of these changes (if any) in the 
appropriate locations in this section.
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Figure 4.4 Typical Thermistor Mountings 

• After the electrical "dry run" has been completed, the actual step-by-step 
electrical assembly can be accomplished with a minimum of effort and a minimum 
risk of possible electrical damage to the system or its components.	 - 

4.3.1	 ELECTRICAL ASSEMBLY - SOLAR MODULES 

CAUTION: Electrical power is being produced whenever the modules are 
exposed to sunlight. 

4.3. 1 . 1
	 3 

Using the #10 AWG white terminated wires (Ph #39), connect the module 
terminals as indicated in the electrical schematic and described in Note 1 
of the schematic. Single module systems do not require #10 AWG white inter-
connects. Do not exceed 15-in pounds tightening torque on terminal nuts or 
severe damage to the moduleterminals could result. Do not slide the 
weather protection boots into place until all wiring is complete and system 
function has been verified. See Figure 4.5. 

4.3.1.2 

Connect the #10 AWG red terminated wire(s) to the positive (+) terminal(s) 
of the module(s) as shown in the electrical schematic and described in Note 2 
of the schematic. Do not over tighten. 

4.3.1.3 

Connect the #10 AWG black terminated wire(s) to the negative (-) terminal(s) 
of module(s) as shown in the electrical schematic and described in Note 3 
of the schematic. 'Do not bver tighten. 
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Figure 4.5

	

	 Typical Series Connection of
Solar Modules 

4.3. 1.4 

Electrically check the module or module strings for the proper power 
output. Measure the open circuit voltage of each module string, using a 
voltmeter capable of 2% accuracy at the measured voltage. 

Measure the short circuit current of each module string using a current

	

meter with a sufficiently low resistance (i.e., its terminal 	 voltage drop 
does not exceed 10% of the nominal system voltage). Connect the meter directly 
across the output leads of each module string to make the measurement. When 
disconnecting the meter, the conpection should be broken rapidly as there will 
be a tendency of large dc currents to draw an arc and burn the leads. Also, 
the operator should not touch both sides of the connection while it is being 
broken as there may be an inductive kick which could be dangerous. 

The open circuit voltage and the short circuit current should fall within 
the ranges indicated in the system performance specifications in Part 2, 
Section 8.5, Table 1: Module String Output. 
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If any measurement falls outside the range indicated, review the above 
wiring steps for completeness and accuracy. If, after checking the wiring, 
there is still a problem, refer to the fault isolation and correction 
activities in Part 1, Section 7. 

4.3.2	 ELECTRICAL ASSEMBLY - REGULATOR PANEL 
FOR SYSTEMS WITH MULTIPLE REGULATOR MOUNTING BRACKETS ONLY 

NOTE: For systems with single regulator mounting bracket, skip to 
Paragraph 4.3.3. 

4.3.2.1 

Connect the free end(s) of the #10 AWG red wire(s) from the array to the 
positive input buss bar on the regulator mounting bracket. If a clamp type 
terminal strip buss bar is supplied, all wire ends should be tinned before 
inserting in the terminal block. Tighten securely.	 If the regulator panel 
is located in the battery/equipment shelter (i.e., remote from the array), 
all the red and black leads from the array should be bundled and routed 
appropriately from the array to the vicinity of the regulator panel. Care 
should be taken to-insure that wire insulation is' not gouged or scarred if 
wires are pulled through electrical conduit or pipe, etc. 	 It is also 
important to protect the wiring insulation at any point where a wire bundle 
goes through a wall or panel. 

The red wire(s) should then be attached to the positive input buss bar as 
described above. 

4.3.2.2 

Connect the free end(s) of the #10 AWG black wire(s) from the array to the 
common (middle) buss bar on the regulator mounting bracket. Tighten securely 

4.3.2.3 

The electrical output of the entire array should now be checked for proper 
performance. The open circuit voltage and the short circuit current should 
fall within the ranges indicated in the system perfOrmance specifications in 
Part 2, Section 8.5, Table 1: Total Unregulated Array Output. The measurements 
should be made as in Paragraph 4.3.1.4. 

If either measurement falls outside the range indicated, review the above 
wiring steps for completeness and accuracy. If, after checking the wiring, 
there is still a problem, refer to the fault isolation and correction activities 
in Part 1, Section 7. 

4.3.2.4 

Using #10 AWG'jumper cable (or larger) with alligator clips or equivalent, 
electrically short the positive input buss bar to the common (middle) buss bar. 
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4.3.2.5 

Check the fuse(s) on the master regulator and on each slave regulator 
(if supplied) to verify that each fuse is functional. 

4.3.2.6 

Connect the #18 AWG wire(s) from the master regulator and slave regulator(s) 
if supplied, to the positive input buss bar using the appropriate fasteners. 
Tin the wire ends if necessary. Tighten securely. 

4.3.2.7 

Connect the blue #18 AWG wire(s) from the master regulator and slave regulator(s) 
if supplied, to the common (middle) buss bar using the appropriate fasteners. 
Tin wire ends as necessary and tighten securely. 

4.3.2.8 

Connect the green #18 AWG wire(s) from the master regulator and slave regu-
lator(s) if supplied, to the positive output buss bar using the appropriate 
fasteners. Tin wire ends as necessary and tighten securely. Note that prior 
to this step, the positive output buss bar is the one with no wires connected 
to it. 

4.3.2.9	 . 

For systems with slave regulators - Using the 3 - wire #18 AWG jumper connector(s) 
supplied, connect the master regulator to its adjacent slave regulator and that 
slave regulator to the next adjacent slave regulator and so forth until all 
regulators are appropriately interconnected. The remaining open socket on the 
last slave regulator should be filled, with RTV or other suitable sealant. 
This socket is not used. 

4.3.2.10 

Connect the black #18 AWG wire from the thermistorassembly to the black #18 
AWG wire from the master regulator, if not already done, using a wire nut or 
solderless crimp connector. The end(s) of the connector should be filled 
with RTV or other sealant to prevent moisture ingression. 

4.3.2.11 

Connect the blue #18 AWG wire from the thermistor assembly to the common 
(middle) buss bar of the regulator mounting panel. 

4.3.2.12 

Disconnect the #10 AWG temporary jumper cable from the shorted buss bars 
detaching in a quick, clean motion to minimize arcing and possible damage to 
the buss bar.
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4.3.2.13 

The regulated electrical output of the array should now be checked. 
Measure the short circuit current of the array between the output buss bar and 
common buss bar using the technique described In Paragraph 4.3.1.4. 

Next measure the open circuit voltage .across the common buss bar and the 
output buss bar. 

These measurements should fall within the ranges indicated in the system 
performance specifications in Part 2, Section 8.5, Table 1: Total Regulated 
Array Output. If either measurement falls outside the range indicated, review 
the above wiring steps for completeness and accuracy. If, after checking the 
wiring, there is still a problem, refer to the fault isolation and correction 
activities in Part 1, Section 7. 

4.3.2.14 

Connect the #4 . AWG black wire to the common (middle) buss bar using the 
appropriate grounding lug (P/L #13). Tighten securely. 

4.3.2.15 

Connect the #4 AWG red wire to the positive output buss bar using a grounding 
lug. Tighten securely. Do not allow the free ends of these battery leads 
to short together. 

4.3.2.16 

Connect the remaining #4 AWG black wire (the ground wire) to any module 
attach bolt using a grounding lug and an appropriate lockwasher and nut 
as shown in the regulator mounting bracket detail drawing in Part 2, Section 
8.2. Connect the free end to the system ground. 

4.3.2.17 

All wires should now be properly attached to local supporting members 
wherever possible and to each other using the small cable ties (P/L #11) pro-
vided. This will minimize movement of the wires during windy periods and 
prevent abrasion failures of the wiring insulation. 

The system is now ready to be connected to the storage batteries. Skip to 
paragraph 4.3.4. 

4.3.3
	

ASSEMBLY -. REGULATOR ASSEMBLY 
S WITH SINGLE REGULATOR MOUNTING BRACKET ONLY. 

4.3.3.1 

Connect the free end of the #10 AWG red wire from the array to the #18 AWG red 
wire of the master regulator using a wire nut (P/L #17) or a solderless 
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crimp connector. The end(s) of the connector should be filled with RTV or 
other equivalent sealant to prevent moisture ingression. 

4.3.3.2 

Connect the free end of the #10 AWG black wire from the array to the #18 AWG 
blue wire from the thermistor assembly, the #18 AWG blue wire from the ma!^ter 
regulator and the #10 black wire from the negative battery terminal. Use a 
wire nut or solderless crimp connector and seal with RTV, as necessary. 
NOTE: Do not connect the battery yet. 

4.3.3.3 

Oonnect the #18 AWG green wire from the master regulator to the #10 AWG red wire 
from the positive battery terminal using a wire nut or solderless crimp connector 
and seal with RTV as necessary. Care should be taken to see that the free 
ends of the battery leads are not permitted to short together. NOTE: Do not 
connect the battery yet. 

4.3.3.4 

Connect the #18 AWG black wire from the master regulator to the #18 AWG black 
wire from the thermistor assembly, if not already done, using a wire nut or 
solderless crimp connector and seal with RTV as necessary. 

4.3.3.5 

The regulated electrical output of the array should now be checked. The 
open circuit voltage and short circuit current of the array should fall within 
the ranges indicated in the system performance specifications in Part 2, 
Section 8.5, Table 1: Total Regulated Array Output. These measurements are 
made at the free ends of the #10 AWG battery leads. Measure the open circuit voItage 
using a voltmeter capable of 2% accuracy at the measured voltage. 

Measure the short circuit current using a current meter with a sufficiently 
low resistance (i.e., its terminal voltage drop does not exceed 10% of the 
nominal system voltage). Connect the meter directly across the battery leads to 
make the measurement. When disconnecting the meter, the connection should be 
broken rapidly as there will be a tendency to draw an arc and burn the leads. 
Also, the operator should not touch both sides of the connection while it is 
being broken as there may be, an inductive kick which could be dangerous. 

If either measurement falls outside the range indicated, review the above 
wiring steps for completeness and accuracy.	 If, after checking the wiring 
there is sti I I a problem, refer to the fault isolation and correction activities 
in Part 1, Section 7. 

4-71 . 3 . 6

Connect the remaining #10 AWG black wire (the ground wire) to any module 
attach bolt using an appropriate lockwasher and nut. Connect the free end to 
the system ground.
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4.3.4	 ELECTRICAL INSTALLATION OF THE BATTERIES 

Refer to the installation instructions for the storage batteries supplied 
in Part 2, Section 9. Follow the safety precautions in Part 1, Section 2 when 
handling and connecting the batteries. 

4.3.4.1 

Using the battery jumper cables or buss bars supplied, the batteries are 
to be interconnected in the appropriate matrix of series and parallel cells 
indicated in the computer printout, Part 2, Section 8.5. The manufacturer's 
suggested procedure for making the connections should be followed. 

4.3.4.2 

Using a hydrometer, measure the specific gravity of each cell. These 
initial values should be recorded on the battery maintenance record supplied 
in Part 2, Section 9. A thermometer should be used to check the battery 
electrolyte temperature and the specific gravity should be adjusted according 
to the manufacturer's recommended procedure. 

4.3.4.3 

Using a suitable voltmeter capable of 2% accuracy at the measured voltage, 
the open circuit voltage of each cell and each series string of cells should be 
checked and recorded as above. 

4.3.4.5 

Using the appropriate hardware, connect the red battery lead from the 

array 1-0 the positive side of the storage battery matrix. 

4.3.4.6 

Using the appropriate hardware, connect the black battery lead from the 
array to the negative side of the storage battery matrix. 

141



SECTION 5	 FINAL SYSTEM COMMISSIONING 	 U) 
m 

5.1	 WEATHERIZATION
CD 

When the photovoltaic power supply is fully assembled and electrically 
operative, all exposed electrical connections must be carefully weatherized. 

5. 1 1	 -n I.	 - 

Verify that the electrical connections to each module terminal have been 
properly attached and tightened to the correct torque (do not exceed 15 in-lb). 	 U) 

U) 
5.1.2

rri 

Coat the connection with silicone RTV (P/L #14) or equivalent and slip 
the protective boot over the module terminal until it is contacting the back 
of the module.	 See Figure 5.1. This procedure should be repeated for all 

module terminals.	 - 

Inspect any wire nut connections or solderless crimp connections which 
have been made and fill the ends with sealant. 

5.1.4

When completed all connections should be inspected visually for the 
adequacy of their weatherization. 

Fi g ure 5.1 Properly Weatherized Terminals 
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5.2	 PROPER ADJUSTMENT OF ARRAY TILT ANGLE 

When the final system electricals have been checked and the storage 
batteries connected, the system is operational. However, to optimize the per-
formance of the system on a year around basis, the array must now be adjusted 
to the optimum tilt angle. Refer to Part 2, Section 8.6 for the proper pro-
cedure in making this adjustment. 

	

5.3	 ATTACHMENT OF BIRD DISCOURAGERS 

After adjusting the array tilt angle, attach the bird discouragers, P/L #10 
to the top row of modules or top module, as appropriate, as shown in Detail F 
of the Assembly Drawing, Part 2, Section 8.2. Adjust each discourager so 
that it is pointed vertically. When properly installed, the bird discourager 
will prevent birds from perching on the top framework and, thereby, minimize 
droppings on the module surfaces. 

This completes the assembly and installation of the solar system and it is 
now in service to provide the desired electrical power. 

	

5.4	 SYSTEM LOAD VERIFICATION 

After the installation of the system load equipment, the user should 
measure the actual load current(s) and duty cycles, as appropriate, and record 
these values in the maintenance chart provided in Part 2, Section 10. The 
user should verify that the actual load does not exceed the maximum load 
for which the system was designed. This maximum design load current is 
specified in the computer printout in Part 2, Section 8.5 
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SECTION 6	 PREVENTATIVE MAINTENANCE 

6.1	 GENERAL PERIODIC MAINTENANCE 

It is recommended that periodic maintenance on the solar system be 
performed annually during the springtime. The advantage of springtime mainten-
ance is for the benefit of the storage batteries. If water additions are 
required, the battery electrolyte level will be topped off just before entering 
the season of greatest water usage - the summertime. Also, as water is consumed, 
the proportional acidity or alkalinity of the electrolyte will increase and 
will achieve its highest level during the winter months, providing additional freeze 

protection. 

6.2	 SOLAR ARRAY PERIODIC MAINTENANCE 

Solar array periodic maintenance activities are presented below and 
summarized in Figure 6.1. Additionally, the fault detection procedures 
presented in Part 1, Section 7 should be referred to if the array electrical 
output degrades during operation. 

6.2.1

Inspect solar modules for dirt, dust, bird droppings, insects or other

foreign material on glass. Clean with warm water and a soft cloth as necessary. 

6.2.2

Inspect module mounting bolts for tightness and tighten as necessary. 

6.2.3

Inspect module label for legibility and adherence. Clean, re-attach or 

replace as necessary. 

6.2.4

Inspect rubber boots, silicone weatherization and terminals of each 
module for an adequate weatherization. Tighten terminals and repair silicone 
weatherization as necessary. 

6.2.5

Inspect wiring insulation for cracking, peeling or other defects. Replace 

as necessary. 

6.2.6

Inspect installation site for any new growth, weeds, shrubs, trees, etc. 
which have obscured the exposure of the solar array to the sun and which may 
cause localized shading of the array. Also inspect voltage regulators for bird 
or insect nests. All such obstructions should be removed or cleared as 
necessary.
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6.3	 STORAGE BATTERY PERIODIC MAINTENANCE 

The periodic maintenance requirements of the system's storage batteries 
are described in detail in the battery manufacturer's installation manual 
in Part 2, Section 9. This information is summarized in Figure 6.2. 

6.4	 VOLTAGE REGULATOR PERIODIC MAINTENANCE 

The solid state voltage regulator has been designed to require a minimum 
of maintenance. 

Once yearly, the regulator heat sink (and buss bar assembly, if used) 
should be cleaned of any foreign material. Also, check the connectors for good 
electrical connection (clean, non-corroded terminals and sockets), and inspect 
wiring for any defects. Repair or replace as necessary. IT IS IMPERATIVE TO 
TEMPORARILY SHORT THE REGULATOR INPUT BUSS AND COMMON BUSS BEFORE DISCONNECT-
ING ANY REGULATORS FOR INSPECTION OR REPAIR. 

6.5	 PERIODIC MAINTENANCE - SYSTEM ELECTRICAL CHECK 

MIR

The glass surface of each module in the array should be clean and unobstructed. 

6.5.2

Note the ambient temperature in the vicinity of the thermistor housing. 

6.5.3

Using a voltmeter capable of 2% accuracy at the measured voltage, check 
the voltage between the positive battery terminal and negative battery terminal. 
It should be within the limits indicated in Part 2, Section 8.5, Table 1: 
Total Regulated Array Output. 

6.5.4

If the voltage is lower than the stated limit, the battery should be dis-
connected and the voltage measured again. It should now be within the pre-
scribed limits.	 (Explanation:	 if the battery is fully charged, and the 
array is generating its full output, then the regulator will be operating 
to clamp the battery voltage at the level required for the particular battery 
temperature. However, if the battery is accepting a substantial charge current, 
the output voltage will be lower and it is necessary to disconnect the battery 
in order to force the regulator into operation).. 

6.5.5

If the voltage is high, or it is low even with the battery disconnected, 
then the thermistor control needs readjustment. In this case, the battery 
should be disconnected (if it is not already disconnected), and the thermistor 
housing opened to allow access to the adjustment potentiometer. While monitor-
ing the voltage across the battery input leads, adjust the potentiometer so 
that the voltage is within the limits given in Part 2, Section 8.5, Table 1: 
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Total Regulated Array Output, for that particular thermistor temperature. Care 
should be taken to shield the thermistor from drafts or sources of heat (such as 
the hand), while this adjustment is being made. Reconnect the batteries, as 

required. 

6.5.6

Measure the short circuit current of the array using a current meter 
with a sufficiently low internal resistance (i.e., its terminal voltage drop 
does not exceed 10% of the nominal system voltage). 

Connect the meter directly across the positive input buss bar and the 
common (middle) buss bar. For single regulator systems, this measurement should 
be made across the #10 AWG black and #10 red AWG array output wires. 

For method of carrying out this measurement, refer to Part 2, Section 8.5. 
The short circuit current should be greater than the limit given in Part 2, 
Section 8.5, Table 1: Total Unregulated Array Output. 

6.5.7

If, after the above measurements and any necessary adjustments, either 
measurement is not within the stated limits, refer to Pert 1, Section 7 for further 
fault isolation and correction procedures. 

ITEM ACTIVITY FREQUENCY 

Solar module cover glass Inspect, clean as necessary Yearly* 

Solar module mount bolts Inspect, tighten as necessary Yearly 

All	 electrical	 connections** Inspect, tighten as necessary Yearly 

Solar module electrical Inspect, repair as necessary Yearly 

terminal	 weatherization 

Electrical	 wiring Inspect, replace as necessary Yearly 

insulation

*Certain environments may require more frequent cleaning, this 
should be inspected the first few site visits untila reason-
able cleaning interval is established. 

**If the weatherization on the solar module terminals is intact, 
it can be assumed that the module electrical connection is 
still adequate unless obviously defective. 

Figure 6.1	 Motorola Photovoltaic Array Periodic

Maintenance Requirements 
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Item Activity Frequency 

Electrolyte	 level Check,	 add disti I led or potable Yearly 
water as necessary 

Terminals Check, clean as necessary Yearly 

Terminal Connections Check for tightness Yearly 
adjust as necessary

Figure 6.2 General Periodic Maintenance Requirements 
For Storage Batteries 
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SECTION 7	 FAULT ISOLATION AND CORRECTION PROCEDURES 

The following section is a diagnostic procedure to be followed.step by 
step in the given order unless otherwise directed. Following this procedure 
carefully will insure that the system fault is isolated and corrected properly 
and that the system is accurately reconnected and commissioned. For easy 
reference, this procedure is summarized in Figures 7.1 and 7.2. 

7.1	 SOLAR POWER SYSTEM 

7.1.1 

• Disconnect the electrical output of the array from the busses, and also 
the battery and load leads from the busses, making sure that the battery 
leads do not touch each other. 

7.1.2

Check the array performance as follows: 

7.1.2.1 

'Short the output of the entire array, and measure the resistance from 
the shorted output to the array frame. The resistance should be greater 
than 1000 ohms. 

7.1.2.2 

Measure the short circuit current of the array using a current meter 
with a sufficiently low internal resistance that its terminal voltage does not 
exceed 10% of the nominal system voltage. Connect the meter directly across 
the output of the array to make the measurement. When discnnecting the meter, 
the connection should be broken rapidly as there will be a tendency for the large 
dc current to draw an arc and burn the leads. Also, the operator should not 
touch both sides of the connection while it is being broken as there may be 
an inductive kick which can be dangerous. 

7.1.2.3 

Measure the open circuit voltage of the array using a voltmeter capable 
of 2% accuracy at the measured voltage. 

7.1.2.4 

Check if the short circuit current and the open circuit voltage fall 
withi.n the limits specified in Fart 2, Section 8.5, Table 1; Total Unregulated 
Array Output.	 If both measurements are within limits, continue at Step 7.1.7. 
If either measurement is out of limits, proceed with the next step. 

7.1.3

Locate which string is faulty.

148



7.1.3.1 

This is essentially a repeat of Steps 7.1.2.1 to 7.1.2.3, except that they 
are carried out on each string separately. This can be accomplished by dis-
connecting all series strings from the array (-) and array (+) busses, and 
measuring the short circuit current and open circuit voltage of each of 
the series strings by itself. One or more of the individual series strings 
will be found to have the same type of fault as the total array showed ir 
Steps 7.1.2.1 to 7.1.2.3. Use the electrical limits of Part 2, Section 8.5, 
Table 1: Module String Output. 

7.1.4

Locate which module is faulty. 

7.1.4.1 

This is a repeat of Step 7.1.3.1, on an individual module basis. The faulty 
string should be open circuit during these tests, and it is necessary to dis-
connect each individual module of the string. This test will locate one or 
more defective modules in the defective string. Use the electrical limits of 
Part 2, Section 8.5, Table 1: Module Output. 

7.1.5

Check connections and surface of faulty modules. 

7.1.5.1 

Inspect the condition of the connections to the module. Poor connections 
can cause both low short circuit current and low open circuit voltage. 
Foreign material on the front surface of the module can also cause either 
short circuit current or open circuit voltage to be low. 

7.1.5.2 

If all modules in the string test out within limits the fault must be 
in the connectors. Test the resistance of each interconnecting wire of that 
string. Each interconnect wire should have a resistance of less than .2 ohms. 
Replace defective interconnects. Loose connections between the interconnect 
and the module terminals can have the same symptoms as poor interconnects. If 
all modules and all interconnects of the faulty string appear to be within 
limits, the fault is probably a loose connection. Reconnect all modules of 
the string, making sure all connections are properly tightened, and retest the 
string. 

7.1.6

Any faulty modules should be replaced. 

7.1.6.1 

Reconnect the string, retest, and if still defective, return to 
Step 7.1.4.	 If the string is within limits, reconnect the strings together 
and return to the array testing at Step 7.1.2. 
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7.1.7

Reconnect the array to the busses. 

7.1.8

Measure the temperature in the - vicinity of the thermistor housing. 

7.1.9

Measure the voltage across the battery busses (battery (+) to battery (-). 

7.1.9.1 

Compare the measured bus voltage with the desired voltage range as given 
in Part 2, Section 8.5, Table 1: Total Regulated Array Output for that particular 
temperature (use the value of temperature near the thermistor housing). 

7.1.9.2 

If the voltage is within limits, proceed to Step 7.1.16. 

7.1.10 

Adjust the control in the thermistor housing. 

7.1.10.1 

Remove the cover from the thermistor housing by inserting a screwdriver 
blade, or equivalent, intothe slot and twisting. 

7.1.10.2 

Attach a voltmeter to the battery (+) and battery (-) busses. 

7.1.10.3 

Adjust the control in the thermistor housing to the desired voltage, as 
given in Part 2, Section 8.5, Table 1: Total Regulated Array Output for that 
temperature. 

7.1.10.4 

If this step can be carried out satisfactorily, proceed to Step 7.1.16. 

7.1.11 

Temporarily short array busses. 

7.1.11.1 

Put a temporary short across the array busses, from array (-) buss to the 
array (+) buss, using a jumper which is capable of carrying the full 
array current.

150



7.1. 12 

Replace blown fuses in the regulators. 

7.1.12.1 

Check the fuses in the master regulator and in each of the slaves. 

7.1.12.2 

Replace all blown fuses with similar types and ratings. Do not use 
slow blow fuses. 

7.1.12.3 

Proceed to Step 7.1.13, whether fuses were blown or not. 

7.1.13 

Remove the temporary short from across the array busses. 

7.1.14 

Readjust control in thermistor housing. 

7.1.14.1 

This is a repeat of Steps 7.1.10.1 to 7.1.10.4. 

7.1.14.2 

If successful, proceed to Step 7.1.16. 

7.1.15 

Replace regulators one at a time. 

7.1.15.1 

Starting with the master regulator, each regulator should be replaced 
in turn until the faulty one is replaced. After each replacement, go back 
to Step 7.1.9 and continue from there. (IT IS IMPORTANT, WHILE REPLACING ANY 
REGULATOR, TO PUT A TEMPORARY SHORT ACROSS THE ARRAY BUSSES). If this is not 
done, the other regulators will take the full load which could cause overloading 
and burnout of one or more regulators. 

7.1.16 

Measure the battery voltage, using a voltmeter capable of 25' accuracy at 
the nominal system voltage. 

7.1.17 

Measure the specific gravity of the battery electrolyte. 
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7.1.17.1 

In most cases, an automotive type hydrometer will be satisfactory for 
measuring the specific gravity of the battery electrolyte. However, if the 
battery state of charge is particularly low, it may be necessary to use a 
low range hydrometer. 

7.1.17.2 

Check the battery state of charge from the battery information in Part 2, 
Section 9 for that specific gravity. 

7.1.17.3 

If the state of charge of the battery is satisfactory, proceed to Step 
7.1.19. 

7.1.18 

Recharge low batteries. 

7.1.18.1 

If the measurement in Step 7.1.17 shows that the batteries are in an 
unsatisfactory state of charge, they should be recharged according to the 
manufacturer's instructions with whatever means are appropriate. 

7.1.18.2 

In the event that the battery needs charging and there Is no other 
source of power available, the array can be used. The load should be removed 
from the batteries so that the total array output is utilized for charging 
the battery. This will typically require a period of time equal to the number 
of no-sun days capability of the batteries, in clear sunny weather. Thus, 
several weeks may be required to fully charge the batteries if they have 
been allowed to discharge completely. Partially discharged batteries will, 
of course, take proportionately shorter periods using this method. 

7.1.19 

Reconnect batteries. 

7.1.19.1 

When the batteries have reached a suitable state of charge, they should 
be reconnected to the battery busses. Care should be taken to ensure that 

• the positive side of the battery is connected to the positive battery buss, and 
the negative side of the battery to the negative battery buss. Connecting the 
battery with the wrong polarity will, at the least, burn out all the fuses, 
and may cause damage to the regulators. 

7.1.19.2 

The system is now operational.
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Step if 

7.1

OK NOT OK 

1. Disconnect array and batteries from busses 

2. Check array performance (Isc, Voc) 

3. 

4. 

5. 

6.

OK Locate which string	 is faulty 

Locate which module	 is faulty 

Check condition of module connection and surface 

Correct fault or replace module 

Return to Step 2. 

7. Reconnect array to busses 

8. Measure temperature near thermistor housing 

9. Measure voltage across battery busses 

10. 

11. 

12. 

13. 

14. 

15.

OK Adjust control	 in thermistor housing 

OK Temporaril.y short array busses 

Replace blown fuses	 in regulators 

Remove temporary short 

Readjust control	 in thermistor housing 

OK Replace regulators,* one at a time 

Repeat Step 9-14 after each 

16. Measure battery voltage 

17. 

18.

OK Measure battery specific gravity and 

determine its state of charge 

OK Recharge low batteries 

Return to Step 16 

19. Reconnect batteries to buss. 

System is now operational

*temporary array short 

Figure 7.1 Summary of Fault Isolation & Correction Procedures 
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PROBLEM FAULT DETECTION ACTIVITY 

Low Voltage Inspect all electrical	 connections for proper 
contact 

Refer to wiring instructions for proper connec-
tion of wiring harness 

Internal	 short in one or more modules.	 See 
Section 7.1 

Low Current Remove any obstruction from solar module 
surfaces 

Clean solar module surfaces 

Inspect all	 electrical	 connections for 
proper contact 

Refer to wiring instructions for proper 
connection of wiring harness 

Insufficient sunlight/incorrect array angle 

Reverse Polarity Refer to electrical	 assembly	 instructions 
for correct color coding 

Discharged Battery Inspect thermistor connections and	 leads for shorting, 
w/Low Electrolyte repair if necessary. 

Verify correct voltage regulator output potential 

Discharged Battery See "Low Current" activities 
w/Normal	 Electrolyte 
Level Recent period of unusually bad weather 

Verify correct voltage regulator output potential

Figure 7.2 Solar Array Electrical Output Fault Detection Activities 
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7.2	 ANALYSIS OF MOST PROBABLE REGULATOR FAILURE MODES 

7.2.1	 OUTPUT TRANSISTOR SHORTED 

If the output transistor of any regulator should short out, the fuses 
in all regulators will blow causing an immediate stop to any battery charging. 
The batteries will then discharge within a few days depending on their state 
of charge and the load current. 

The faulty regulator should be replaced and the fuses in each regulator 
should be checked and replaced as described in Steps 7.1.11 through 7.1.15. 

7.2.2	 OUTPUT TRANSISTOR OPEN 

If the output transistor of any regulator should fail in an open circuit 
mode, the current and power dissipation in the other transistors will 
increase proportionally and perhaps cause premature failure in another unit, 
leading to eventual run-away failure. 

Addition of an extra slave regulator would provide indenfinite protection 
from one, or even two transistors failing in this mode. 

7.2.3	 THERMISTOR OPEN CIRCUIT 

If the thermistor has failed in an open circuit mode, the regulator will 
clamp at a much reduced voltage (typically half, or less, of the normal 
operating voltage). This condition will blow all the fuses or at least the 
master fuse. However, if the array continues to put out appreciable current, 
all the fuses would now blow. 

7.2.4	 THERMISTOR SHORT CIRCUIT 

If the thermistor should fail in a short circuit mode, the regulated 
voltage will increase to a value well above the normal operatingrange and 
the batteries will become overcharged with time. 

However, this mode of failure is very unlikely unless the thermistor 
lead wires have been shorted together. 

7.2.5	 SHORTED SURGISTOR 

Should the surgistor fail in a short circuit mode, the failure has the 
same effect as a shorted output transistor described in paragraph 7.2.1. 

7.2.6	 DRIVE CIRCUIT FAILURES 

Failure of the drive Darlington, reference circuit or op-amp circuit will 
cause the drive to the output transistors to go to zero or to maximum. This 
will have the same effect as having both the output transistors in the regulator 
fail short or go open at the same time. These cases are covered in paragraphs 
7.2.1 and 7.2.2 above respectively.
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PART 2 
SPECIFIC INSTALLATION DETAILS 

SECTION 8	 SPECIFIC INSTALLATION DETAILS & DRAWINGS 

8.1	 UNIQUE ASSEMBLY INSTRUCTION 

The general assembly' and installation instructions in Part 1, Sections 
4.2 and 4.3 of this manual should be followed with the exception of these 
specific instructions for your unique system: 

Mechanical Assembly: 
1.	 This system uses an array configuration of one module high by three 

modules wide. (Array structure MSPLIH3W). 

Electrical Assembly: 

1.	 The electrical configuration is three modules in parallel and one in 
series.

CID 

I 
IT 
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8.2	 ASSEMBLY DRAWINGS. 

The following are the specific mechanical assembly drawings for your 

system. 

The mechanical drawings; P-0233-78-1, P-0220-78-5C and P-0217-78-3, 
were deleted due to Motorola's confidential. For above drawings contact Motorola 
Inc, P. 0. Box 20912, Phoenix, AZ 85036.
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8.3	 ELECTRICAL SCHEMATIC 

The following is the specific electrical schematic for your system.

00 

The electrical drawing, P-0236-78-9, was deleted due to Motorola's confidential 
For drawing, P-0236-78-9, contact Motorola Inc., P. 0. Box 20912, Phoenix, AZ 
85036.	 —I 
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8.4	 PARTS LIST

—4 
The following is a listing of parts required for the proper assembly and CD 

installation of your system. Unless otherwise noted, it is the requirement 
of the installer to provide provisions and hardware for achoring the array feet 
(see Part 1, Section 4.1) and anchoring and/or enclosing the system's storage 
batteFies. 

• 1 	 - 

Before installation, carefully check the parts received with the parts 
specified on the attached list. If you do not have all the parts specified, 	 —I 
or there is some discrepancy between the parts received and the parts listed, 	 c,, 

please contact your Motorola Service Representative or the Motorola Factory. 
(See Part 1, Section 1.4).

-4 
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8.5	 COMPUTERIZED SYSTEM SIZING & PERFORMANCE SPECIFICATIONS 

With the aid of the solar 	 industry's most sophisticated system-sizing - 
computer program, this particular system has been tailored to your specific 
site	 location and	 load conditions.	 As the following printout shows, 	 the CO 
computer program has determined the optimum tilt angle, the optimum number of Lfl 
modules required and the proper amp-hour battery capacity needed for your 
application.	 In addition to battery capacity for several 	 consecutive sunless 
days, the program determines the seasonal 	 battery storage capacity, 	 if any, 
for the accumulated yearly deficit of available power to assure continuous 
service with an adequate safety factor.	 The printout also shows the minimum 
system performance and electrical 	 specifications which can be expected during 
each month of the year.	 The actual annual	 safety factor shows the yearly margin 
of excess available power. 	 This excess allows for variations	 in the weather, 
dirt or dust on the solar modules, 	 battery charging efficiencies and other 
minor system	 losses. 

The system electrical	 specifications	 in Table	 1 are to be used to verify 
proper output of the system during installation and to check the system for 
proper operation during regular or corrective maintenance. 	 The short circuit 
current should be greater than the value shown 	 in Table 1	 on a clear day within 
2 hours of solar noon.	 Under poor weather conditions or at other times during 
a clear day,	 the test can still	 be performed	 if a suitable	 irradiation meter 
is available	 (See Part	 1,	 Section 3).	 The	 irradiation should	 be measured 
with the meter parallel 	 to the array at the same time the short 
circuit current	 is measured.	 The short circuit current will	 be directly propor-
tional	 to the solar	 irradiation	 level.	 For example,	 if the	 irradiation	 is only 

50mW/cm2 , or one half of one sun	 (one sun =	 100mW/cm2 ), then the short circuit rn 

current,	 at one sun,	 will	 be double that measured at 50mW/cm 2	 (one half sun).
rR
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Table 1 
System Electrical Specifications 

Open Circuit Short Circuit 

Volta qe V0 Current	 'Sc 
Power Output Of Mm Min Max 

Module Only 14.3 18.3 '1.0 

Module String 
(Series String)  

Total	 Array, Unregulated I, 3.0 

Total Array, Regulated* 13.0 15.8  

*voltage corrections for regulated voltages are shown in the regulator output 
voltage graphs on the voltage regulator data sheet, Part 2 Section 8.7.	 Do not 

use Table 2. 

Voc range	 is valid for 70°F to 80°F (23°C to 27 0C) only.	 These voltage values 

can be corrected for the actual ambient temperature using the conversion fac-

tors shown	 in Table 2,	 Section 8.5. 

'sc range	 is valid for 90% or more clear sky-open sunlight, within 2 hours of 

solar noon.	 The table value is good from -30 to +120F (-35 to +48C).
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05M W-79	 REVISION 22 4-F-7-79 

0 

17512'MCt'.'EUZ 

ATEF: 1 1-VHF3'k'HIIECF,F IlOUfITAIN ,riAIriE.'5AF'ET,-A,27,79 

'VM LOAD(	 10.3 + 20 SAFETY FACTOR) =	 12.4 AMP-HAS/DAY AT 
LOAD C IJF:F.:EfIT ."O SAFETY FACTOR =	 .4 AMPS AVERAGE 

ATHEF: DATA:- CARIBOU MAINE	 46:52 N	 53:01 i,j

RECOMMENDED SYSTEM 

MODULE TYPE = MSP02A1 0	 1P X 365) 

3 MODULES IN PARALLEL	 1 IN SERIES	 3 MODULES TOTAL

12.0 VOL 

C 

1JtIULE: FACING TRUE SOUTH AT A SLOPE OF 69 DEGREES FROM THE HORIZONTAL 

312 AMP-HE:S(
	

185 1 -10 F' CAPACITY NEEDED FOR 15 SUNLESS DAYS 

300 Rr1F'-Hp:;.
	

179 . -10 F) CAPACITY NEEDED FOR 5EA5DNAL VARIATION:: 

612 AMP-HR
	

:354 T -10 F) TOTAL 

SYSTEM PERFORMANCE 

• ARRAY • ARRAY 
MWH/::QC:r•1 MI.JH'::i)r.M OUTPUT LOAD OUTPUT OUTPUT 

PER DAY ON PER DAY AMP-HP::: AMP-HRS TO LOAD TO LOAD 
MONTH HORIZONTAL ON FsPF:AY PER DAY PER DAY F:ATIO RATIO 

JAN 159 397 13.11 10.30 1.27 1.46 
FEB 257 504 16.64 10.:30 1.62 1.36 
MAR 426 576 19.03 10 .:30 1.85 2.44 
APR
MAY

464 
550

424 14.01 10..30 1.35 2.02 
401 13.26 10.30 1.29 1.95 

JIJM 557 371 12.26 10.30 1.19 1.35 
JUL 591 408 13.48 10.30 1.31 1.96 
AUG 522 433 14.29 10.30 139 2.05 
SEP 386 428 14.1:3 10.30 1.37 2.03 
OCT 244 377 12.46 10.30 1.21 1.87 
NOV 127 249 8.22 10.30 1.46 
DEC 123 321 10.62 10.30 1.03 1.36 

NMUAL SAFETY FACTOR =	 30.7

• INCLUDE::: 20. SAFETY FACTOR 
SYSTEM OUTPUT = ARRAY OUTPUT + AVAILABLE SEASONAL BATTERY CAPACITY 

uLE TYPE SPECIFIED IS TYPICAL -- OTHER MODULE TYPES MAY BE 
ITUTED OP. MIXED OUCH THAT THE FOLLOWING SYSTEM FAFAf•1ETEPS 

_.._:APArITEED • AT A ::IJNLIGHT INTEniIr OF 	 '': r•m..'.:Q .c.i :-	 168 



„:ri 281 , 79	 REVISION 22	 4-27-79 

1 7i2.'t1CDD I_'ZZ PO:ErAIJM.'DITEL-321-1242.Z"ZP0092 
EATER 11VHF:3/tiiHITEC!1F MOUr1TAIN,MRINE."3F4PET/6.27/79 

MOTOROLA SOLAR SYSTEMS 
SYSTEM DESCRIPTION COOT ANALYSIS WORK SHEET 

if 

REQUIREMENTS: 
POWER 12.16 AH(W.'20 SAFETY FACTOR). 	 TEMP: — 1 ii F MINIMUM 

;	 12.0 VOLTS	 90 F riAxIriur•1 
MINIMUM BATTERY CAPACITY	 O	 SUNLESS DAYS 15 
WEATHER DATA:— CARIBOU MAINE 	 46:52 N	 6s:01 W 

SOLAR: RPEFT: 
MODULE = M::P02A1 0 ':: 

	

ARRAY =	 :3 PARALLEL 1iODiJLE: ::.	 1 SERIES. MODULE:2., MINIMUM 

	

=	 3	 TOTAL MODULES •; 	 : 461.00 ------------- :E  

REGULATORS: 
(	 3 MODULE:::	 1'73' MATT/MOt$IJLE ::' ( ii:' o I,jATT/F:E'IjLATDF:) 
=	 .54 -->	 1 MASTER, MSFP125L-12 ;' .; 90.00 EACH 

0	 5LR'JE5. M:SFF:1i5:S-12 	 :	 $2.00 EACH = :1. 

WIRING HARNESS: 
:3 MOD1JLE:. X $10 . 00/MODULE  = ----------------------------

SUPPORT ::.TPUCTUF:E: 
:3 MDD!JLE:. :..:: :7 .00/MODULE = ----------------------------

EATTEF.IE.:

90 . 00 

30.0 U 

171 . 0 0 

MFsNUFAC.T'J:EP --- ESE 
10.30	 RH :.:(	 15 .5LLE55 tIA?S)/( 100% DISCHARGE DEPTH)

+20-.5RFET1' FACTOR 
=	 135 RH rIO—SUN CFACITi FLU:::	 179 RH :5ERSCtIAL 
=	 364 AR TOTAL CAPACITY REQUIRED T — 10 F 
=	 612 RH TOTAL CAPACITY REQUIRED ; 77 F, 1	 12.0 V 

BATTERY TYPE DD-5-3 C 220 H ;' 77 F 1 6 V) 
LENGTH	 i'I I DTH	 HEIGHT	 WE I '3HT 
16.12	 X 7.06” x 9.50"	 76.0 LBS. EAtH. 

3 PARALLEL X	 2 SERIES 
=	 6 TOTAL BATTERIES ;' :B 109.15 EACH 
+	 1 BATTERY PALLETS : S	 :30.00 EACH 
+	 7 INTERCONNECTS	 •' $	 1.82 EACH -------- S	 698 . 00 

	

TOTAL SYSTEM COST ------
 	 .. 

ICES ARE U.S. DOLLARS, F.O.B.  PHOENIX, RRIZ, U.S.A. 
rTERIE5 FOB r•1AN'JFA:TUF.:ERS PLANT. 

__IVEF:Y(OHtP DA T E) TYPICALLY 35 TO 120 DAYS AFTER. RECEIPT OF OPDE. 
]TPOLA STPNtAF:t' TERMS Rit! CO!iPITICNS APPLY. .169 
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8.6	 DETERMINATION OF PROPER TILT ANGLE 

When the correct electrical performance of the array has been verified 
and , the module terminals have been properly weatherized with the protective 
boots and RTV sealant, the array should be adjusted to its optimum tilt angle. 
In this application, the optimum angle is given in the computer printout, Fart 2 
Section 8.5. The accuracy of setting this angle is not critical but should be 
within plus or minus 5 degrees of optimum to achieve the best annual performance 
of the system. 

8.6.1

The tilt angle is adjusted by altering the total length of the inner and 
outer support braces where they are joined together. Remove the bolts which 
hold the support braces together. (Assembly Drawing Detail B, Part 2, 
Section 1.2) being carefulto manually support the weight of the array. Do 
not allow fingers or clothing to get pinched between the braces as the array 
is lowered. 

8.6.2

Using the tilt meter or a protractor and level, manually adjust each 
support brace so that the array is set at the optimum tilt angle. Replace the 
bolts, lockwashers and nuts, as each side is adjusted. 

Tighten to 250 in-lbs torque - do not overtighten. 

8.6.3

After adjustment is complete, check to see that the actual tilt angle 
of the array is correct.
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8.7	 TECHNICAL LITERATURE 

The following are the applicable technical data sheets for the-various 
components used in your system: 

1. MSP Series Solar Modules 
2. MSPR Series Voltage Regulator 
3. MSPS Series Support Structures

(l) 
ni 
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CD 

00 
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rn 
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SECTION 9	 STORAGE BATTERY INFORMATION 

The battery manufacturer's installation and operating manual included 
in this section contains all the necessary information for the mechanical and elec-
trical installation, initial start-up, preventative maintenance and repair of 
the systems storage batteries. 

Should there be any discrepancy between the suggested procedures in the 
Motorola manual and the Battery Manufacturer's manual, the manufacturer's 
procedure shall apply. 

In this system, the batteries are to be electrically connected in a matrix 
as defined in the computer printout, Part 2 Section 1.5. The open circuit 
voltage of each cell and each series string of cells should be checked as 
installation proceeds to verify proper connection. 
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Section 10	 SOLAR ARRAY MAINTENANCE REPORT 

Date of	 Installation: Location: 

Installed	 By: Phone: 

Module Type: Quantity: 

Voltage Regulator Type: Quantity:	 Master 

Slaves 

Comments: 

Date
Checked 

By
Regulated "No 
Load" Voltage*

Regulated "No 
Load" Current Comments

*No Load conditions imply that both the battery and system load are dis-
connected from the regulator leads to the batteries. Measurements are made 
across these regulator leads.
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Actual System Load Verification 

Checked By

Initial	 Check 

Date:

Recheck 

Date: 

First Load Current 

Duty Cycle 

Second Load Current 

Duty Cycle 

Nominal	 System Voltage 

Total Amp Hour Load Per Day 
(without Safety Factor) 

Comments:
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SERVICE	 MANUAL 

INsTALLAna, OPERATIa4 AND MAINTENPNcE 

WILLARD thAR3E FEWHING (CR TYPE) 

LEAD-ACID STORAGE BAFERIES 

' 

' LWI .fl -	 •a
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PIVJ:I]II'4 

GASSES PRODUCED BY A BATTERY CAN BE EXPLOSIVE, DO NOT SMOKE 1 USE AN 

OPEN FLN'E OR CREATE AN ARC OR SPARKS IN THE VICINITY OF ANY BATTERY. 

BATTERIES COVERED BY THESE INSTRUCTIONS CONTAIN SULFURIC ACID ELECTRO-

LYTE WHICH MAY CAUSE SEVERE BURNS, DO NOT GET ELECTROLYTE IN THE EVES, 

ON SKIN OR CLOTHING. IN CASE OF CONTACT, FWSH ItvTEDIATELY AND THOROUGHLY 

WITH CLEAN WATER. OBTAIN MEDICAL ATTENTION AS SOON AS POSSIBLE WHEN EYES 

ARE AFFECTED. 

SAFETY PRECAUTIONS TO BE OBSERVED WHEN HANDLING BATTERIES ARE GIVEN IN 

MORE DETAIL ON PE LI, BE SURE TO READ THESE CAREFULLY BEFORE PROCEEDING 

WITH INSTALLATION AND OPERATION OF BATTERIES. 
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Cutaway view of Willard Type DH-5-1 
cell shows the construction which is 
typical of Charge Retaining Batteries. 
Note that plates are thick (from 5/8" 
to 15/16"). Grids, straps, posts and 
terminals are designed to provide op-
timum performance in applications where 
discharges extend over long periods. 

CONSTRUCTION 

Willard Charge Retaining Batteries differ radically from conventional 
lead-acid storage batteries found in automotive or stationary use. 
Certain materials employed in the construction of such conventional 
storage batteries, while making them more sturdy physically, actually 
contribute to their loss in capacity while standing on open circuit. 

Willard Charge Retaining Batteries are noted for their ability to retain 
capacity over long periods while standing on open circuit. This is the 
result of carefully engineered construction which excludes the possible 
introduction of any foreign substances that might affect this inherent. 
charge retaining characteristic. All components incorporated into 
Willard CR Batteries are subject to the strictest quality control to 
assure the extreme purity of materials, such as pure lead grid, straps, 
oxides and other cell parts. 

(Similarily, care must be exercised during the operation of Willard CR 
Batteries to prevent contamination through careless maintenance procedures 
which could cause serious damage or otherwise affect performance. Pre-
cautions to be followed to prevent possible contamination are shown in 

paragraph 7.1, page 7). 

Lead parts in Willard CR Batteries have sufficient current-carrying 
capacity to allow discharges in amperes up to the minimum voltage limits 
of the application or to one vpc. The currents will approximate the 
same figures as one-half the rated ampere-hour capacity of the cell. 
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The Willard Charge Retaining Battery is a source of pure direct current 
with definite voltage characteristics throughout its life. The operating 
voltage ranges from 2.12 or 2.13 volts per cell (vpc) to 1.90 or 1.80 
vpc, depending on the rate and extent of discharge as measured by the 
specific gravity of the electrolyte. On momentary intermittent discharges, 
the finish voltage will very rarely, if ever, fall below 1.90 volts when 
fully discharged. 

During discharge, the voltage characteristics of low discharge 
type batteries is practically a straight line from 2.12 vpc at 
the start to 1.95 volts finish. Discharges may, however, be 
continued to end voltages of 1.80 or 1.75 vpc with the additional 
capacity provided by the lower end point voltages. The definite 
ampere-hour capacity required by the application within its speci-
fic voltage range should be the basis for selecting the low dis-
charge type which will best operate for the desired time. 
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INSTALLATION & MAINTENANCE INSTRUCTIONS 

1. SAFETY PRECAUTIONS: 

1.1 In the operation of a battery, hydrogen gas is formed, which may 
be explosive if ignited. Never bring burning materials such aslighted 
matches, cigarettes or sparks of any kind near the battery. 

1.2 Discharge static electricity from the body before touching cell 
terminal posts, by first touching a grounded surface such as a water pipe 

or grounded-iron work. 

1.3 Make sure that all battery connections are tightenedsufficiently. 
Loose connections could cause excessive heat or sparking which may result in 
a hydrogen gas explosion. 

1.4 Cells connected in series have high voltages that could produce a 

human shock hazard. 

1.5 Only authorized personnel who have been familiarized with battery 
installation, charging and maintenance procedures should be permitted access 

to the battery area. 

1.6 In handling sulfuric acid electrolyte, wear goggles, plastic or 
rubber apron, and gloves. Avoid spilling electrolyte. If electrolyte cones 
in contact with the skin, rinse with clear water immediately. If electrolyte 
comes in contact with the eyes, flush with water and consult a physician Im-
mediately. Bicarbonate of soda solution (one pound to one gallon of water) 
will neutralize any acid accidentally spilled on clothing or material. Apply 
the solution until the bubbling stops, then rinse with clear water. 

1.7 When mixing electrolyte always add acid to water. Pour slowly and 
stir constantly, to avoid excessive heat or violent chemical reaction. 

1.8 Insulate the handles of all tools used for tightening the connector 
bolts. This can be easily accomplished by wrapping handles with electrician's 

tape. 

2. INSPECTING BATTERY SHIPMENTS:. 

2.1 Batteries or cells normally are shipped assembled, charged, and 
filled with electrolyte to the proper level. When specified for air transport, 
batteries are dumped free of acid electrolyte and sealed with polyethylene vent 

plugs to prevent capacity loss. 

2.3 Promptly upon delivery from the carrier, inspect and make a note of 
any damage to the packing material or wet acid stains which would indicate 
leakage of electrolyte caused by rough handling. 
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2.4 As soon as practical, unpack the cells and examine the electrolyte 
level to insure that none has been lost in transit. When the level is less 
than 1/2 below the tops of the plates, add battery grade sulfuric acid of 
1.300 specific gravity. If the electrolyte level is more than 1/2 1, below 
the tops of the plates, request an inspection by a representative of the 
carrier and file a claim for concealed damage. 

2.5 Tighten vent plugs. 

3. BATTERY STORAGE: 

3.1 Batteries should be unpacked and installed as soon as possible 
after receipt. 

3.2 When a battery can not be installed at the time of receipt, it 
should be stored indoors in a cool, clean and dry location. 

3.3 Batteries should not be stored longer than one year intervals 
without receiving periodic freshening charges. If batteries are stored 
in a hot, dry climate, freshening charges will be at 6 months intervals. 
flare of the battery shipment should be used to determine freshening 
Lharge requirements. 

3.4 Storage periods exceeding those indicated above may result in 
plate suiphation which may affect electrical performance and expected life. 

3.4 When it is anticipated that the storage time will be exceeded, 
advance preparation should be made to have an adequate charger available 
and adjacent to an appropriate AC supply voltage. Positioning of the cells 
to accept the intercell connectors is another consideration of advance 
planning. 

4. BATTERY LOCATION: 

4.1 The battery area should be provided with ventilation so as to 
prevent liberated hydrogen gasses from exceeding 1% concentration. 

4.2 The location should be selected to keep out water, oil and dirt. 
A cool, dry location is preferred. Each cell should be accessible for the 
addition of water and for taking individual cell voltage and hydrometer 
readings. 

4.3 Locate racks, if required, so that all cells in the battery will 
have approximately the same operating temperatures. Do not have cells 
located near a heat source which would then make these cells much warner 
than other cells in the string. 

4.4 The aisle space provided in front of all racks should be a mini-
mum of 36" where this dimension is not in conflict with any local codes or 
regulations.
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4.5 A minimum of 9" should be made 'available as clearance above the 
tops of the cell posts of the top row of cells, to permit access for future 
maintenance. 

5. RACKS: (Where Applicable) 

5.1 Battery racks are supplied as one tier, two tier and two step. 
Rack assembly information is detailed in the Rack Assembly Instructions 
included with the rack shipment. 

5.2 To locate the cells on the racks, mark the center post of each 
rack. These marks will indicate center points of the center cell whenever 
the number of cells on the rack is an odd number. Whenever the number.of 
cells is an even number, the marks will indicate the center point between 

the two center cells. 

5.3 Cells should be installed first on the lower tier or step to in-
sure rack' stability. The top tier rails should be installed after all the 
cells located on the lower level have been installed. 

6. INSTALLATION: 

6.1 DO NOT LIFT any battery or cell by the terminal posts as this will 

void the warranty. 

6.2 Terminal Connections - Each cell is furnished with terminal nuts 
and bolts made of corrosion-resisting materials. Connections should be 
clean and drawn up snugly but without applying extreme pressure. After 
cell connections have been made, an application of petrolatum (Vaseline) 
will maintain clean, corrosion-proof connections. 

IMPORTANT: Intercell'and end connectors should be made of lead to prevent 
corrosion. 

6.3 Electrolyte Level - Before putting cells into service, check the 
electrolyte level with the filling syringe, Part No. H-212 for Type OH cell; 
Part No. H-201 for Type DHB cell. If low, adjust to the proper level (see 
table on page #) adding pure distilled water only. After adding water, 
charge 'cells until the water is thoroughly mixed with the solution as in-
dicated by hydrometer readings. In this way, errors in subsequent hydro-
meter readings taken on discharge, or the possibility of freezing in cold 

climates, can be avoided. 

6.4 Dry-Shipped Batteries - When batteries are shipped dry (see para. 
2.1), they are to be activated with 1.300 specific gravity sulfuric acid 
electrolyte to the filling height above the plates as per appropriate cell 
as indicated in the Charging Data Table on page 9. The polyethylene shipping 
vent plugs should be discarded and standard vent plugs should be installed. 
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6.5 Installing New Cells - When practical, it is desirable to install 
cells of approximately similar age in the same or parallel strings. To in-
clude 1 or 2 year old cells in the same circuit with a aroup of new cells 
might result in an early failure cf the entire installation because of the 
normal failure of the older cell. For this reason, it is necessary to have 
complete records of each cell. 

7. MAINTENANCE: 

7.1 Avoid Contamination - Willard Charge Retaining Cells show relatively 
little self-discharge on open circuit. This is due to the extreme purity of 
the component parts of the cells. To maintain this purity, it is necessary 
to scrupulously avoid any contamination from metals, iron rust or any foreign 
substance.	 - 

IMPORTANT: To avoid the danger of contamination when adding to or testing 
electrolyte solution, it is absolutely imperative that a special hydroeter, 
filling syringe and thermometer be provided for use on Charqe_Retairinq 
Cells Only. Under no circumstances should these instrumont be used on oter 
conventional type cells or batteries since there is a possibility oF trans
ferring impurities to the Charge Retaining Cells, causing considerable damage 
as a result. 

7.2 Protection Against Freezing - There is no danger of freezing if a 
cell of sufficient capacity is used to carry the discharge through the cold 
weather periods. When sufficient capacity is available, the danger of freezing 
will be avoided entirely. The freezing point of sulfuric acid at various 
specific gravities is shown in the graph on page 8. 

7.3 Avoid Leaving In Discharged Condition - When the discharge has been 
completed, the cells or battery should not be permitted to remain discharged 
for any greater time than is necessary. Complete discharge of cells should 

be avoided. 

8. RECHARGING - STATIONARY CHARGERS OR PHOTOVOLTAICS: 

8.1 Test Cells Before Placing On Charge - Before charging, the specific 
gravity should be tested to determine the state of charge and the electro-
lyte level should be checked (refer to electrolyte level data pg. 9). If 
the electrolyte level is too low, bring it up to the proper level with pure 
distilled water before placing on charge. 

8.2 Connecting Cells On Charging Line - The cells should be connected 
in series for charging, i.e., the positive terminal of the first cell is 
connected to the negative terminal of the next cell and so on. To connect 
the series line of batteries to the charging source, connect the POSITIVE 
terminal of the batteries to the POSITIVE terminal of the charging source, 
and the NEGATIVE to the NEGATIVE in a like manner. 
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8.3 Proper Charging Rate (For Statiohary Chargers) - Charge Retaining 
Cells may be charged on any direct current, series line either with other 
storage battery types or separately, but in either case the charging rate 
should not exceed the normal rate given for the smallest cell in the circuit. 
Lower rates may be used but the charge must be carried through to completion. 

8.4 Charging By Photovoltaics - Charging of cells by photovoltaics should 
be done at a voltage of 2.40 vpc at a differential of plus or minus 3 milli-
volts per degree Fahrenheit, i.e., plus 3 millivolts per degree when ambient 
temperature is less than 80°F and minus 3 millivolts per degree when greater 
than 800F. The charging rate for the various cells shall not exceed the re-
commended rate shown in the table below. It is recommended that only voltage 
regulated power sources be used in order to conserve water and extend battery 
life.

CHARGING DATA 

Approx. Discharged Charging Approx. 
Gravity (Cut-off Rates Charging Finish Filling Hgt. 

Type Voltage) (Amperes) Time Gravity Above Plates 

(1.95V) 

DA-2-1 1.120 1 48 Hrs. 1.300 3/8" 

DD-3-3 1.140 2.5 55 Hrs. 1.300 7/8" 

DD-5-1 1.140 5 55 Hrs. 1.300 7/8" 

DD-5-3 1.140 5 55 Hrs. 1.300 7/8" 

DH-5-1 1.120 10 75 Hrs. 1.300 1-3/4" 

DHB-5-1 1.120 10 75 Hrs. 1.300 1-3/4"

8.5 Hydrometer Readings - Should be taken at regular intervals during 
the service and recorded on Storage Battery Report (page 12). 

8.6 Temperature Corrections To Hydrometer Readings - Since the specific 
gravity as shown by the hydrometer varies with the temperature, a correction 
must be made if the temperature of the electrolyte varies from the normal 800F. 
This correction is made as follows: If the temperature of the electrolyte is 

above 800F, add two points (.002) to the hydrometer readings for each 5 0F above 

800F. If the temperature of the electrolyte is below 80 0F, subtract two points 

(.002) from the hydrometer reading for each 50F below 800F. 

8.7 Avoid Excessive Overcharge - In charging these cells, it is necessary 
that the charging rate be held as nearly constant as possible. Excessive over-

charging should be avoided. 

8.8 Adjustment of Specific Gravity - Should the specific gravity rise 
above normal and the liquid level is correct, reduction to the normal gravity 
may be accomplished by drawing off electrolyte and replacing with distilled 
water, returning the electrolyte to the proper level. Continue the charge 
after adding water until the gravity does not change. If too much electrolyte 
has been withdrawn, repeat the process, but, in this case, add electrolyte. 
Adjustments should be continued until the proper finish specific gravity has 
been obtained at the proper level. Acid should never be added unless there Is 
an absolute certainty that the cell is completely charged, or to replace electro-
lyte lost by accident. Temperature corrections in specific gravity readings 

should always be made when hydrometer readings are being taken. 
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8.9 Hydrometers,- The hydrometer used should have a float calibrated 
to read lower than the standard automotive type hydrometer. For small cells 
or individual work in testing cells in service Willard Hydrometer H-161 is 
recommended. 

Hydrometer Part No. H-161 	 Stationary Type-Part No. H-169 

THIS HYDROMETER IS MADE FOR CHARGE RETAINING BATTERIES. IT IS 
A CONVENIENT SIZE FOR TYPE OA-2-1 AND EQUALLY SERVIC(A8LI FOR 
ALL CR BATTERIES.

A QUICK ACTING WILLARD HYDROMETER FOR SHOP AND SERVICE USE. 
_9kT SCALE READING 1.050 TO 1.230 

In testing cells larger than the DA-2-1 type, the use of two separate hydro-
meters is recommended - one with a high reading scale (1.150 to 1.300) and. 
the other, with a low reading scale (1.050 to 1.250). The instrument with 
the high scale is to be used in taking readings during the early part of 
the discharge and toward the end of the charge. The low scale instrument is 
to be used in taking readings toward the end of the discharge and during the 
beginning of the charge. Willard hydrometers Part No. H-169 (scale 1.050 to 
1.250) and Part No. H-168 (scale 1.150 to 1.300) should be part of all shop 
and service equipment. 

In all cases, the hydrometers used should be clean and the same hydrometer 
always used for testing Willard Charge Retaining Cells. To avoid contamin-
ation, hydrometers used in testing other types of storage batteries should 
not be used. 

9. AVAILABLE ACCESSORIES: 

The following equipment, used in servicing Willard Charge Retaining 
Cells and Batteries, is available from ESB Wisco Incorporated:

Part No. 

H-161 

H-168 
H-169 

Z-30 

H-212 

H-201 

Z-534 

Z-530 

V68 

Part	 Description

Hydrometer For Small	 Cells	 (OA-2-1) 

Hydrometer For all other Charge Retaining Types 
High Reading	 (1.150-1.300) 
Low Reading	 (1.050-1.250) 

Thermometer Floating type with specific gravity 
correction 

Syringe Filler For DH-5-1 use 

Syringe Filler For DHB-5-1 use 

Post Seal Nut Wrench For OH and DHB 

Vent Plug Wrench For DHB-5-1 

Carrying Handle For OH and DHB
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10. SERVICE ROUTINE & PROCEDURE: 

10.1 Establish a System of Records - A record system should be set up 
which will provide the operator or user with a definite record of the ser-
vice received from each cell. : As opinions differ, the form in which this 
record is to be kept is left entirely to the user. (A suggested format ap-
pears on the last page of this publication.) In any case, whether the system 
is simple or complex, it is required that the following fundamental items be 
recorded and kept throughout the life of the cell or battery: 

- Date of receipt of the cell or battery. 

- Manufacturer's date identification ("2-76" for example). 

- Description, number or name of system in which installed. 

- Date of installation. 

- Specific gravity at time of installation. 

- Voltage at time of installation. 

- Quarterly voltage and corrected specific gravity readings. 

- Date of removal from system. 

- Specific gravity at time of removal. 

- Voltage on discharge at time of removal. 

10.2 Quarterly Routine - During the service or discharge portion of the 
cycle, the following routine is suggested for checking cells: 

- Check specific gravity and record readings of each cell. 

- Adjust electrolyte level with distilled water if required. 

- Check and record voltage of each cell. 

- Check all battery connections for contact. 

- Clean terminals of any corrosion which might have formed and 
apply coating of petrolatum (Vaseline) to the terminal where 
necessary. 

If a definite routine is established, there should be no occasion for failure 
of a system because of the batteries. 

189



C"iP4If'	 a,.,allasa	 BA1TT'ERYT'(PE 	 ,,,,,..,a,,.	 DATE	 I1STALIED 

L..oc bcrIa1	 . . .	 . .	 . .	 . •	 ,	 . a • .	 . . . • .	 . . , ,	 , .	 •	 . .	 •	 a s	 .	 •	 a • .	 . . . .	 .	 ( EL.J_.	 NO.	 ,	 , , , , , , ,	 .	 . . 

BATTERY NO.	 . , •	 , , , .	 •	 ,	 . . .	 • . . . * . . . . . . . . . . . . 	 .	 FIJI_I... CHARGE	 GRAVITY	 (RANGE) • • , .	 . , . , . 

DATERINITIALS 
OF READER

BATTERY 
TERMINAL 

VOLTS

CELL	 HYDRO- 
ETER READING

CELL  
TEMPERATURES DATE 

 CELL NYU. RDG.

•MD I NGS WATER 

 ADD WATER AFTER cai-
____	 PLETING HYDR1ETER 

READINGS. 

DATE	 QUANTITY 

.,....,. 
—a

,.,,,..,	 .,,....Q1S. 

Ia...... 

,aaas,ai 

 a m a a a a a a	 a a a . . a .QTS. 

,iI,,.SS 

.•,..•.. 

 CCtIECOR BOLTS 
 TIGH1U 

DATE	 DATE 

sat,.,,,	 allilla' 

a	 oil	 aaaa	 u.sstag 

6	 too	 is	 I	 IIll,,.,, 

as,.,,,,	 .11115,1 

 $1,,.,,.	 auassass 

 ,,,l,,,I	 IIlIl,ll 

,sa,auat	 ,,,a,,., 

 IDINGS WVIUD 
—	 BY  

I11E	 ........... 

__
BY 

 DPTE	 a,,u,,l$aIIa 

BY 

DATE 
I 

'VOLTS VOLTS VOLTS 

2 

3 

4

-- 

_________

s 

6 

7

--

8
--

1 

9 --

10 

Ii 

_12	 - 

15 

16  

--

17 
18 

—19  
20  

21 

_22  

--

23 
24 

25 _

26

-- 

27

--

28

-- 

29  
--

30 

31  

32 

33 
I-

34 

35

-- — 

36 

37

--

38

— 

39

-- 

41 

42  

--

43 

IN COMMENTS ARE DES-IRED SEND TO	 ____ 
45 

NEAREST ESB WISCO REPRESENTATIVE: 	 46 

47 

ESB wisco INCORPORATE) 	 48 

2510 NORTH BOULEVARD
SO 

RALEIGH, NC	 27604	 — 51  

52 
(919)	 4-8465	 53 

...--	 -	 35  
,5,,l,Ilallll,,llItllal11lSlh 1.

—

luaslall, *aa,IIas It. •i .,.,u.uuu 1,1,1,1.. aaaaall, 1 IlIlll I 

190 



WORLD LEADER IN 
PACKAGED POWER 

191



o Solar . Power C
orporation 

AFFILIATE OF EXXON ENTERPRISES INC. 

Installation And Maintenance Manual 
SERIES "M" ARRAYS 

SOLAR ELECTRIC GENERATOR 
TABLE OF CONTENTS 

Section Title and Contents Page 

1.0 General 2 

2.0 Unpacking and Assembly 2 

3.0 Testing 3 

Test 3-1:	 Solar Array Performance 
Test 3-2:	 Blocking Diode Performance 
Test 3-3:	 Battery Self-Discharge 

4.0 Maintenance 5 
4.1	 Regular Maintenance 
4.2	 Troubleshooting Guide 
4.3	 Module and Diode Replacement 

5.0 Tools and Equipment 7 
5.1	 Installation and Maintenance Tools 
5.2	 Testing Equipment

INSTALLATION DATA 

Site Location: 

Tilt Angle:	 Regulator:	 BVR	 Design Load:	 AH/day 
Battery:	 Model ___________________________connected _______________cells in series by 	 banks in parallel 

THE FOLLOWING QA TEST DATA PERTAINS TO YOUR SOLAR ELECTRIC GENERATOR: 

Array Performance 
Array Model:	 —Serial #:_________________ 
Rated Output:	 Amps at	 Volts 

Rated Short Circuit Current: Amps 

No. of Series-Connected Solar Cells:_____________________ 

No. of Parallel-Connected Solar Cells:_____________________ 

Frame Performance 
No. of Separate Frames in Array: 

Model M ________modules on	 frame(s). 
Rated Short Circuit Current* of frame(s):	 amps ea 

Model M _______modules on 	 frame(s). 
Rated Short Circuit Current of frame (5):	 amps ea.

Module Performance 

MODEL M __________module 
Rated Short Circuit Current: Amps 

No. of Series-Connected Solar Cells:___________________ 

No. of Parallel-Connected Solar Cells:___________________ 

MODEL M _________module 

Rated Short Circuit Current: Amps 

No. of Series-Connected Solar Cells:____________________ 

No. of Parallel-Connected Solar Cells:___________________ 

AtlOOmW/ cm 2 sunlight intensity and 28 C C cell temperature. 
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1.0 GENERAL 
1.1 This manual includes the unpacking, assembly, and 
maintenance instructions for the Solar Power Corporation 
Solar Electric Generator Series M Arrays. For information 
relating to the installation and maintenance of the storage 
battery system, refer to Manufacturers Instructions. 
1.2 Properly installed solar electric generator systems 
should only require regular maintenance visits once a year. 
Maintenance recommendations are given in Section 4.1. 
1 .3 If any trouble does develop, Sections 3.0 and 4.0 give 
complete test, troubleshooting, and repair procedures. If 
additional help is required, contact the Technical Service 
Department at Solar Power Corporation. 
2.0 UNPACKING AND ASSEMBLY INSTRUCTIONS 
2.0.1 Because the arrays may be-anchored to different 
types of mounting surfaces, the customer is expected to 
supply mounting hardware. 
2.0.2 If the total array consists of more than one frame, 
repeat all instructions for each frame. 
2.1 UNPACKING AND ASSEMBLY - 

ARRAYS WITH TELESCOPING LEGS 
2.1.1 Open the crate. Remove the layer of packing 
material and any other hardware or items that are on top of 
the array. 
2.1 .2 Lift the array out of the crate and hold it nearly 
vertical or place it on the ground, front module surface 
facing up. DO NOT PUT THE ARRAY ON THE GROUND 
FACING DOWN.

2.1 .3 Unbolt the mounting feet from the leg sections. 
Retain this hardware and all other hardware removed in the 
following steps; it will be needed to assemble the legs and 
mounting feet to the array frame (reference Figure 1 b). 
2.1 .4 Unbolt the two large, leg sections (larger cross 
sectional area) from the bottom mounting brackets. Attach 
one mounting foot to one end of each of these leg sections 
as shown in Figure 1, Point C. It may be necessary to loosen 
the bolt holding the small leg to the top mounting bracket, 
thus allowing the leg to swing. 
2.1 .5 Attach the remaining two mounting feet to the 
bottom mounting brackets (the ones that do not have leg 
sections attached to them) as shown in Figure 1, Point D. 
2.1 .6 The array is now fully assembled and ready to be 
moved to its installation location and oriented; If the array 
must be disassembled or recrated, reverse the above 
procedure. 

2.2 ORIENTING THE ARRAY. 
ARRAYS WITH TELESCOPING LEGS 

2.2.1 When selecting a mounting location, make sure that 
the bottom of the array will be at least 3 feet (or 1 meter) 
higher than the maximum snow depth level. 
2.2.2 IMPORTANT: THE ARRAY MUST BE ALIGNED 
SUCH THAT THE FRONT (MODULE) SURFACE DIRECTLY 
FACES DUE SOUTH (DUE NORTH IN THE SOUTHERN 
HEMISPHERE). WHEN USING A MAGNETIC COMPASS 
MAKE SURE TO CORRECT FOR THE LOCAL DIFFERENCE 
BETWEEN MAGNETIC DIRECTION AND TRUE DIRECTION. 
Anchor the front mounting feet once the array is aligned. 

11 81
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2.2.3 Anchor the legs' mounting feet to the mounting 
surface. It is best to make support spacing (B) equal to array 
dimension (A) (reference Figure 2b). Other positions may be 
used as necessary depending on the angle required and/or 
terrain considerations. 

2.2.4 To set the tilt angle of the array, remove the long 
bolts anchoring the leg sections together (reference Figure 
1, Point B) and adjust the length of thetelescoping legs. The 
tilt angle of the array (the angle the array surface makes with 
a horizontal surface) should be adjusted to within 2 degrees 
of the specified angle. An inclinometer (adjustable angle 
liquid level) is most useful in measuring this angle, 
although, with care, a protractor and an ordinary bubble level 
may also be used. Reinsert the bolts and tighten. 

2.2.5 Tighten all nuts and bolts. 

FIGURE 2 

(NORTH IN SOUTHERN HEMISPHERE) 

[2 a]	 [2b] 

2.3 ATTACHMENT OF CABLES 
2.3.1 If a battery voltage regulator is included in the system 
or if one is added to the system, follow the instructions 
included with the regulator. 

2.3.2 Single Frame Arrays: The output cable can be 
attached directly to the battery. Observethe correct polarity; 
black is positive, white is negative (reference Figure 4). If the 
polaiity is accidentally reversed, no damage will result to 
either the array or the battery (assumingthebattery is of the 
proper voltage for the array). However, if the polarity is left 
reversed for more than a few hours, the solar electric 
generator system will not function and the battery may 
become discharged. 

2.3.3 Multlframe Arrays: Each frame is supplied with a 
separate output cable. Attach the output cable directly to the 
appropriate battery terminal (observe correct polarity). 

2.3.4 After connecting cable(s) to the battery and 
connecting any required battery intercell connecting wires, 
protect all battery terminals from corrosion with a layer of 
grease.

FIGURE 3

Upon installation, Test 3-1 (Solar Array Performance) should 
be conducted. Tests 3-2 and 3-3 should be performed if 
trouble occurs. 

The annual maintenance visit can include the following 
simple check of the solar electric generator system 
performance. Measure thespecific gravity of the battery 
electrolyte (for lead-acid batteries) with a standard battery 
hydrometer. Correct the readings to 77°F (25°C) using Table 
3-1. Refer to Table 3-2 and relate the percent of battery 
capacity remaining to the corrected electrolyte specific 
gravity. If battery electrolyte specific gravity is low, refer to 
Section 4.2, Conditions 1 and 2. 

TEST 3-1: SOLAR ARRAY PERFORMANCE 
1. This test must be performed during the middle hours of a 

sunny day. The sun must be clearly visible with no thick 
haze present. 

2. Disconnect array cable(s) or voltage regulator-battery 
cable from the battery terminals. If the system contains a 
regulator(s), disconnect regulator(s) following 
instructions provided with regulator(s) before proceeding 
to the next step. 

3. Connect a suitable ammeter across the two disconnected 
cable leads (reference Figure 4). The ammeter's resistance 
should be such that the voltage drop across the ammeter 
is less than 0.3 volt. Adjust the tilt angle of the array to 
obtain the maximum current output as indicated by the 
ammeter.

FIGURE 4 

=6ba
DAmmeter

circuit current 
max. array 

short 
tery)  

4. The ammeter current reading (short circuit current) should 
be approximately 70% of the 1 00mW/cm2 short circuit 
current (listed under "Array Performance" on the front 
cover). 

Disconnect the ammeter. Connect across the same cable 
leads (reference Figure 5) a voltmeter having an 
impedance of at least 1,000 ohms per volt. The volt-
meter reading (open circuit voltage) should be greater 
than 0.48 volt times the total number of solar cells 
in series (listed under "Array Performance" on the front 
cover). 

till n9Ie\ 

true horizontal

FIGURE 5 
OUTPUT CABLE

NEGATIVE (-) 

POSITIVE (+) 

3.0 TESTING 

There are several tests that can be conducted to check 
system performance: Test 3-1 (Solar Array Performance), 
Test 3-2 (Blocking Diode Performance), Test 3-3 (Battery 
Self-Discharge). These can be performed either 
independently or in conjunction with the Troubleshooting 
Guide, Section 4.2.

Voltmeter tcae	

circuit voltage 
Scale max. array 
open 

(to battery) 
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6. Disconnect the voltmeter. Reconnect the negative lead to 
the battery. Connect an ammeter between the positive 
cable lead and the positive battery terminal (positive 
ammeter lead to the positive cable lead). Connect the 
voltmeter to the two cable leads (reference Figure 6). If 
this voltage is less than 2.2 volts times the number of 
series-connected lead-acid battery cells, the measured 
current should be at least 80% of the current measured in 
Step 4 (assuming sunlight conditions unchanged since 
Step 3).

FIGURE 6 

mox allowable _voltage drop 0.3 volts 

Ammeter 

output cable 
(to battery)

Vollmeter	
aäs. 

7. For multiframe arrays this test procedure can be repeated 
for each individual array section by making these tests at 
each individual array cable termination. For each 
individual array section. disconnect the cable leads from 
the terminal block inside the external junction box and 
repeat Steps 3 through 6. The corresponding information 
for each frame is listed on the front cover of this manual 
(reference "Frame Performance). 

8. If an array does not pass this test, refer to the Trouble-
shooting Guide, Section 4.2. 

TABLE 3-1 

HYDROMETER READING CORRECTIONS TO 77° F 

Electrolyte Temperature 	 Correction 
(°F]	 [add to readingi 

140 +0.024 
130 +0.020 
120 +0.016 
110 +0.012 
100 +0.008 

90 +0.004 
80 +0.000 
70 -0.004 
60 -0.008 
50 -0.012 
40 -0.016 
30 -0.020 
20 -0.024 
10 -0.028 

0 -0.032 
-10 -0.036 
-20 -0.040 
-30 -0.044 
-40 -0.048

NOTE: The temperature of the electrolyte solution, not the 
ambient air temperature, should be measured with an 
immersion type thermometer. Some hydrometers have a 
thermometer and temperature correction scale built in.

TABLE 3-2 

PERCENT OF 500 HOUR RATE CAPACITY REMAINING 
vs. 

ELECTROLYTE SPECIFIC GRAVITY (CORRECTED TO 77°F) 

Initial Electrolyte 
Specific Gravity 

1.210 1.250 1.300 

% Capacity Hydrometer Reading 
Remaining [Corrected to 77° Fl 

100 1.210 1.250 1.300 
90 1.197 1.235 1.283 
80 1.185 1.221 1.266 
70 1.172 1.206 1.249 
60 1.160 1.192 1.232 
50 1.147 1.177 1.215 
40 1.135 1.163 1.198 
30 1.122 1.148 1.181 
20 1.110 1.134 1.164 
10 1.097 1.119 1.147 

0 1.085 1.105 1.130

TEST 3-2: BLOCKING DIODE PERFORMANCE 
1.This test must be performed either at night with no 

artificial light striking the array or with a black opaque 
cloth covering the entire array (reference Figure 7). 

2. Disconnect the positive lead of the array cable(s) or the 
voltage regulator-battery cable from the battery terminals. 
Connect a milliammeter between this disconnected lead 
and the positive battery terminal (positive milliammeter lead 
to the positive battery terminal) (reference Figure 7). The 
current measured should be less than 4mA times the numb 
of solar cells connected in parallel (listed under "Array 
Performance" on the front cover). 

A current exceeding the above value indicates that the 
diode(s) has developed excessive reverse leakage current. 
If the array contains a diode mounted in a junction box, it 
should be replaced (reference Section 4.3). If the system 
includes a voltage regulator(s), refer to Regulator Manual 
for testing procedure. Otherwise, the diode(s) is located 
inside the module(s) and this test should be repeated 
for each module on the affected frame. Access to each 
module's leads may be obtained by removing the attached 
junction box cover. Disconnect the leads at the terminal 
block before starting the test. Remember that no light can 
strike the module's surface. Diodes located in the terminal 
box attached to the back of each module are sealed 
and cannot be replaced in the field. Any module that 
shows excessive reverse leakage current should be 
replaced (reference Section 4.3). 

TEST 3-3: BATTERY SELF-DISCHARGE 
[LEAD-ACID BATTERIES] 

NOTE: THIS TEST WILL -REQUIRE REMOVAL OF THE 
BATTERY SYSTEM FROM THE ARRAY SITE. 

1. Disconnect all cables from the battery terminals. Charge 
the battery or battery cell at a current rate not exceeding 
the battery's capacity in ampere hours divided by 20 hours 
(e.g.. a 100-ampere hour battery would be charged at a 
current of 5 amperes or less). A standard battery charger 
should suffice for this purpose. Discontinue charging 
when the battery's terminal voltage exceeds 2.3 volts 
per series-connected battery cell. 

2. Take a specific gravity reading of the electrolyte in each 
battery cell and record the corrected values (use Table 3-1 
and an immersion thermometer). 
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3. Allow the battery to stand idle at room temperature foi' a 
week. At the end of the week take a second set of specific 
gravity readings. Compare with readings taken in Step 2. 
Corrected readings differing by more than 15 points 
(0.015) indicate a battery cell with excessively high self-
discharge. 

4.0 MAINTENANCE 
4.1 REGULAR MAINTENANCE 

(Yearly intervals recommended.) 
4.1.1	 Check battery electrolyte level. Replenish with 
distilled water, if necessary. When checking or adding to the 
battery electrolyte, the battery manufacturer's 
recommendations should be followed. 
4.1.2 Check the module surface(s) for dirt buildup. Normal 
rainfall will usually be sufficient to provide for self-cleaning, 
it the array is tilted at 150 or more from the horizontal. 
However, if dirt buildup becomes excessive, either plain 
water or a mild detergent solution followed by a water rinse 
may be used. DO NOT USE SOLVENTS OR STRONG 
DETERGENTS. 
4.2 TROUBLESHOOTING GUIDE 

Most problems can be isolated with the aid of the 
following guide. If it is impossible to locate the problem, 
please contact the Technical Service Department at Solar 
Power Corporation for assistance. 
CONDITION 1 Other Symptoms 
Battery electrolyte Specific gravities 
specific gravity low, of all battery cells 
[lead-acid batteries] differ no more than 

20 points (0.020)
Checks and Repairs 
1.Check all battery electrical connections for corrosion and 

mechanical soundness. Clean and/or repair. 
2.Check to see if there are any obstructions that shadow any 

portion of the array during any part of the day. If this 
condition exists, either the obstruction must be removed 
or the array must be moved to an unobstructed location. 

3.Check the orientation of the array. Make sure it is facing 
directly due south (north in the southern hemisphere) and 
the tilt angle is correct (reference Section 2.2 or 2.3). 

4.Check the load current. Calculate the equivalent number 
of amp hours per day required by the load. Compare this 
calculation against the design load listed under 
"Installation Data" on the front cover. If the measured load 
exceeds the design load, contact the Technical Service 
Department at Solar Power Corporation. Each solar 
electric generator system is designed fora specific load. 
Deviations from that load may result in unsatisfactory 
operation.

5.Check the solar array output by following the instructions 
in Test 3-1. Refer to Conditions 3, 4, 5, or 6 (Section 4.2) 
as necessary. 

6.Check the blocking diode(s) by following the instructions 
in Test 3-2. 

7.Check for high battery self-discharge by following the 
instructions in Test 3-3. If the battery or part of the total 
battery system fails this test, replace the defective battery 
cell(s). 

CONDITION 2 Other Symptoms 
Same as	 Specific gravity of 
Condition 1	 only one or a few 

battery cells low 
Checks and Repairs 
1.Check for excessively high electrolyte level. If so, shelter 

battery to prevent rain from entering through the vent 
hole(s). 

2.Check the affected cells for high battery self-discharge by 
following the instructions in Test 3-3. Replace battery cell 
or battery containing bad cell. 

CONDITION 3 
Array open circuit 
voltage equal to 
zero [from Test 3-11 
Checks and Repairs 
1. Single Frame Arrays: 

(a)If the array consists of only one module, that module 
must be replaced (reference Section 4.3). 

(b)If the array consists of more than one module, remove 
the cover of the junction box mounted to the back of 
the array. With the output cable disconnected from the 
battery terminals, test for voltage at the individual 
module leads. If voltage is present, there are bad 
contacts. At the terminal block, or the crimp 
connectors attached to the output cable are not 
making contact to the wire, or the output cable's 
conductors are broken. Clean all connections. Test 
crimp connectors by pulling on wires. Recrimp or 
attach wire directly to terminal block if necessary. Test 
the cable with an ohmmeter or continuity tester. 
Replace output cable if it is an open circuit. 

2. Multiframe Arrays: 
(a) Remove junction box cover. Check for loose 

connections at the terminal block. Tighten if 
necessary. 

FIGURE 7 
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Black opaque cloth over entire array or perform at night 
with no light shining on array.
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(b)Test for voltage at the individual array cable 
terminations. If voltage is present there, proceed to 
Step 2 (c). If no voltage is present at any of the cable 
terminations, each array section must be checked 
individually as described in Step 1(b). 

(c)Make sure that at least one lead of the battery cable 
is disconnected from the battery terminals. Connect a 
jumper wire between any positive array cable terminal 
and the positive battery cable terminal. If voltage is 
now present at the battery cable leads, and there is a 
blocking diode within an external junction box, either 
the blocking diode is defective or one of the wires 
connecting the diode to the terminal block is broken. 
Detach the plate on which the terminal block is 
mounted by removing the four corner screws. The 
blocking diode is located beneath the plate. Inspect for 
any broken wires and if none are found, replace the 
diode (reference Section 4.3). 

(d)Check the continuity of the battery cable with an 
ohmmeter or continuity tester. Replace output cable if 
it is an open circuit. 

CONDITION 4 
Array open circuit 
voltage low [from 
Test 3-11 
Checks and Repairs 
1.Check that the voltmeter's resistance is greater than 1,000 

ohms per volt, that the sun is clearly visible, that there is no 
thick haze blocking the sun, and that the array is aimed 
towards the sun. 

2.Single Frame Arrays: 
(a)If the array consists of only one module, that module 

should be replaced (reference Section 4.3). 
(b)If the array consists of more than one module, remove 

the cover of the junction box mounted in the back of the 
array. Disconnect the cable leads from each module. 
Test each module individually for low open circuit 
voltage. The voltmeter reading (open Circuit voltage) 
should be greater than 0.48 volt times the number of 
solar cells in series (listed under "Module 
Performance" on the front cover). Any module that 
does not pass this test should be replaced (reference 
Section 4.3). 

Multiframe Arrays: Disconnect the array cables from the 
terminal block in the external junction box or from the 
battery terminals. Check the open circuit voltage at each 
individual cable pair of wires to isolate the affected array 
section. The voltmeter reading (open circuit voltage) 
should be greater than 0.48 volt times the number of solar 
cells in series (listed under "Array Performance" on the 
front cover). To locate the defective module in the array 
section isolated above, follow the instructions in Step 
2(b). 

CONDITION 5 
Array short circuit 
current low [from 
Test 3-1] 
Checks and Repairs 
1.Check for dirt buildup on any module or portion of a 

module. Clean according to Section 4.1.2. 
2.Check for condensation, snow, or ice on module or any 

portion of a module Wipe clean. 
3.Check for shading of any module or portion of a module. 

Retest after removing obstruction.

4. Make sure array is aimed directly at the sun. Retest afte 
correcting tilt. 
Single frame arrays or when the problem is isolated to e 
single array frame (reference Step 6): Remove the attach 
junction box cover. Test each individual module for sho.. 
circuit current as described in Test 3-1, Steps 3 and 4. 
Compare these values to the short circuit current values 
listed on the front cover under "Module Performance". 
Replace any module (reference Section 4.3) which fails 
Test 3-1. Make sure all connections in the junction box are 
tight and clean. 

6. Muitiframe Arrays: Perform Test 3-1 for each array secti 
(cable) to determine the faulty section. Check for any 
loose terminals or broken wires within an external junction 
box. Also check all connectors, if any, for corrosion and 
tight mating of the male and female contacts. Clean or 
replace as necessary. 

CONDITION 6 
Excessive difference 
between array short 
circuit and battery 
charging current [from 
Test 3-1] 
Checks and Repairs 
1. Check for corrosion at the battery terminals. Clean 

terminals and cable leads. Retest. 
2. If the array has a junction box(es) (either internal or 

external), remove the cover(s) and inspect for corrosion 
on all electrical connections within the box. Clean or 
replace damaged components. Retest. 

3. Test each module individually as described in Steps 3, 4, 
and 6 of Test 3-1. Compare these values to the short circuit 
current values as listed on the front cover under Module 
Performance". Replace any module(s) that fail Test 3-1 
(reference Section 4.3). 

4.3 MODULE AND DIODE REPLACEMENT 
When it has been determined that a module or a blocking 
diode needs replacing, proceed as follows: 
4.3.1 Replacement of Module 

(a)Remove cover of junction box attached to array 
frame. 

(b)Disconnect at the terminal strip the cable leads of the 
module being replaced. 

(c)Loosen the threaded gland of the cable fitting through 
which the module cable enters the junction box. Pull 
the end of the cable Out of the junction box. 

(d)Remove the nuts and bolts holding the module onto U 
array frame. Lift off the module; save the hardware 
removed. 

(e)Insertion of Replacement Module: 
Reverse the removal procedure; (a) through (d) 
above. 

4.3.2. Replacement of Blocking Diode
Located in Junction Box 

(a)Disconnect battery cable at battery terminals. 
(b)Remove the junction box cover and the metal 

plate on which the terminal block is mounted. 
Loosen or remove cable leads from the terminal 
block, if necessary. 
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(C) The diode will usually be mounted on a heat sink. 
Make a sketch showing which lead goes to which 
terminal and how the hardware is assembled. 
Unsolder the leads to the diode. Remove the 
diode. 

(d)Insert the new diode (exact same number as the 
diode being replaced). Take care-to replace the 
hardware in the same order as was on the removed 
diode. 

(e)Solder the leads to the new diode. Take care that 
the leads go to the same terminals as on the 
removed diode. (Array positive lead to anode; 
battery positive read to cathode.). 

(f) Replace the metal plate and the junction box 
cover. 

(g)Reconnect the battery cable to the battery 
terminals. 

4.3.3. Replacement of Blocking Diode Located in Module 
A blocking diode within the module cannot be replaced in 
field. The module should be removed from the array frame 
(reference Section 4.3.1, a-d) and returned to Solar Power 
Corporation for repair.

5.0 TOOLS AND EQUIPMENT 
5.1 INSTALLATION & MAINTENANCE TOOLS 

Ratchet Handle (3/8" or 1/2" drive) 
6" Extension 
112" Socket and Wrench 
9/16" Socket and Wrench 
7/16" Socket and Wrench 
3/4" Socket and Wrench 
Screw Drivers (1/8" to 1/2" wide) 
Slip Joint Pliers (1/2" d i amete r grip) 
Locking Pliers 
Crimping Tool (VACO 22-10 or equivalent) and 
assorted crimp terminals 
Wire Strippers 
Diagonal Cutters (medium) 
Compass (magnetic) 
Inclinometer 

5.2 TESTING EQUIPMENT 
Simpson 260 VOM (or equivalent) 
Immersion Thermometer 
Battery Hydrometer 
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5.1 Installation and Maintenance Tools 
5.2 Testing Equipment 

INSTALLATION DATA 

Site Location:_______________________________________ 

Tilt Angle:	 Regulator:
	

BVR
	

Design Load:
	

All/day 

Battery:	 Model _________________________connecte&
	

cells in series by
	

banks in parallel 

THE FOLLOWING QA TEST DATA PERTAINS TO YOUR SOLAR ELECTRIC GENERATOR: 

Array Performance 
Array Model:	 —Serial #:________________ 

Rated Output	 Amps at	 Volts 

Rated Short Circuit Current: Amps 

No. of Series-Connected Solar Cells:_____________________ 

No. of Parallel-Connected Solar Cells:_____________________ 

Frame Performance 
No. of Separate Frames in Array: 

Model G _______modules on 	 frame(s).

Rated Short Circuit Current of frame(s):—amps ea 

Model G _______modules on	 frame(s). 

Rated Short Circuit Current of frame (s): 	 amps ea.

Module Performance 

MODELG _________module 

Rated Short Circuit Current: Amps 

No. of Series-Connected Solar Cells:____________________ 

No. of Parallel-Connected Solar Cells:____________________ 

MODEL G __________module 

Rated Short Circuit Current*: Amps 

No. of Series-Connected Solar Cells:___________________ 

No. of Parallel-Connected Solar Cells:____________________ 

At 100mW! cm 2 sunlight intensity and 28 C C cell temperature. 
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1.0 GENERAL 
1 .1 This manual includes the unpacking, assembly, and 
maintenance instructions for the Solar Power Corporation 
Solar Electric Generator Series G Arrays. For information 
relating to the installation and maintenance of the storage 
battery system, refer to Manufacturer's Instructions. 

1.2 Properly installed solar electric generator systems 
should only require regular maintenance visits once a year. 
Maintenance recommendations are given in Section 4.1. 

1.3 If any trouble does develop, Sections 3.0 and 4.0 give 
complete test troubleshooting, and repair procedures. If 
additional help is required, contact the Technical Service 
Department at Solar Power Corporation. 

2.0 UNPACKING AND ASSEMBLY INSTRUCTIONS 

2.0.1 Because the arrays may be anchored to different 
types of mounting surfaces,the customer is expected to 
supply mounting hardware. 

2.0.2 If the total array consists of more than one frame, 
repeat all instructions for each frame. 

2.1 UNPACKING AND ASSEMBLY -
ARRAYS WITH TELESCOPING LEGS 

2.1.1 Open the crate. Remove the layer of packing 
material and any otherhardware or items that are on top of 
the array. 

2.1 .2 Lift the array out of the crate and hold it nearly 
vertical or place it on the ground, front module surface 
facing up. DO NOT PUT THE ARRAY ON THE GROUND 
FACING DOWN.

2.1 .3 Unbolt the mounting feet from the leg sections. 
Retain this hardware and all other hardware removed in the 
following steps; it will be needed to.assemble the legs and 
mounting feet to the array frame (reference Figure 1 b). 

2.1 .4 Unbolt the two large leg sections (larger cross 
sectional area) from the bottom mounting brackets. Attach 
one mounting foot to one end of each of these leg sections 
as shown in Figure 1, Point C. It may be necessary to loosen 
the bolt holding the small leg to the top mounting bracket, 
thus allowing the leg to swing. 

2.1 .5 Attach the remaining two mounting feet to the 
bottom mounting brackets (the ones that do not have leg 
sections attached to them) as shown in Figure 1, Point D. 

2.1 .6 The array is now fully assembled and ready to be 
moved to its installation location and oriented. If the array 
must be disassembled or recrated, reverse the above 
procedure. 

2.2 ORIENTING THE ARRAY - 
ARRAYS WITH TELESCOPING LEGS 

2.2.1 When selecting amounting location, make sure that 
the bottom of the array will be at least 3 feet (or 1 meter) 
higher than the maximum snow depth level. 

2.2.2 IMPORTANT: THE ARRAY MUST BE ALIGNED 
SUCH THAT THE FRONT (MODULE) SURFACE DIRECTLY 
FACES DUE SOUTH (DUE NORTH IN THE SOUTHERN 
HEMISPHERE). WHEN USING A MAGNETIC COMPASS 
MAKE SURE TO CORRECT FOR THE LOCAL DIFFERENCE 
BETWEEN MAGNETIC DIRECTION AND TRUE DIRECTION. 
Anchor the front mounting feet once the array is aligned. 

FIGURE 1
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2.2.3 Anchor the legs' mounting feet to the mounting 
surface. It is best to make support spacing (B) equal to array 
dimension (A) (reference Figure 2b). Other positions may be 
used as necessary depending on the angle required and/or 
terrain considerations. 

2.2.4 To set the tilt angle of the array, remove the long 
bolts anchoring the leg sections together (reference Figure 
1, Point B) and adjust the length of the telescoping legs. The 
tilt angle of the array (the angle the array surface makes with 
a horizontal surface) should be adjusted to within 2 degrees 
of the specified angle. An inclinometer (adjustable angle 
liquid level) is most useful in measuring this angle, 
although, with care, a protractor and an ordinary bubble level 
may also be used. Reinsert the bolts and tighten. 

2.2.5 Tighten all nuts and bolts. 

FIGURE 2 

(NORTH IN SOUTHERN HEMISPHERE) 

[2a]	 [2b] 

2.3 ATTACHMENT OF CABLES 

2.3.1 If a battery voltage regulator is included in the system 
or if one is added to the system, follow the instructions 
included with the regulator. 

2.3.2 Single Frame Arrays: The output cable can be 
attached directly to the battery. Observe the correct polarity; 
black is positive, white is negative (reference Figure 4). If the 
polarity is accidentally reversed, no damage will result to 
either the array or the battery (assuming the battery is of the 
proper voltage for the array). However, 'if the polarity is left 
reversed for more than a few hours, the solar electric 
generator system will not function and the battery may 
become discharged. 

2.3.3 Multlframe Arrays: Each frame is supplied with a 
separate output cable. Attach the output cable directly to the 
appropriate battery terminal (observe correct polarity). 

2.3.4 After connecting cable(s) to the battery and 
connecting any required battery intercell connecting wires, 
protect all battery terminals from corrosion with a layer of 
grease.

FIGURE 3

Upon installation, Test 3-1 (Solar Array Performance) should 
be conducted. Tests 3-2 and 3-3 should be performed if 
trouble occurs. 

The annual maintenance visit can include the following 
simple check of the solar electric generator system 
performance. Measure the specific gravity of the battery 
electrolyte (for lead-acid batteries) with a standard battery 
hydrometer. Correct the readings to 77°F (25°C) using Table 
3-1. Refer to Table 3-2 and relate the percent of battery 
capacity remaining to the corrected electrolyte specific 
gravity. If battery electrolyte specific gravity is low, refer to 
Section 4.2, Conditions 1 and 2. 

TEST 3-1: SOLAR ARRAY PERFORMANCE 

This test must be performed during the middle hours of a 
sunny day. The sun must be clearly visible with no thick 
haze present. 

2. Disconnect array cable(s) or voltage regulator-battery 
cable from the battery terminals. If the system contains a 
regulator(s), disconnect regulator(s) following 
instructions provided with regulator(s) before proceeding 
to the next step. 

3. Connect a suitable ammeter across the two disconnected 
cable leads (reference Figure 4). The ammeter's resistance 
should be such that the voltage drop across the ammeter 
is less than 0.3 volt. Adjust the tilt angle of the array to 
obtain the maximum current outout as indicated by the 
ammeter.

FIGURE 4
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4. The ammeter current reading (short circuit current) should 
be approximately 70% of the 1 00mW/cm 2 short Circuit 
current (listed under "Array Performance" on the front 
cover). 

5. Disconnect the ammeter. Connect across the same cable 
leads (reference Figure 5) a voltmeter having an 
impedance of at least 1,000 ohms per volt. The volt-
meter reading (open circuit voltage) should be greater 
than 0.48 volt times the total number of solar cells 
in series (listed under "Array Performance" on the front 
cover). 
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3.0 TESTING 

There are several tests that can be conducted to check 
system performance: Test 3-1 (Solar Array Performance), 
Test 3-2 (Blocking Diode Performance), Test 3-3 (Battery 
Self-Discharge). These can be performed either 
independently or in conjunction with the Troubleshooting 
Guide, Section 4.2.

Voltmeter
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(to Scale max. array 

open circuit voltage 
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Disconnect the voltmeter. Reconnect the negative lead to 
the battery. Connect an ammeter between the positive 
cable lead and the positive battery terminal (positive 
ammeter lead to the positive cable lead). Connect the 
voltmeter to the two cable leads (reference Figure 6). If 
this voltage is less than 2.2 volts times the number of 
series-connected lead-acid battery cells, the measured 
current should be at least 80% of the current measured in 
Step 4 (assuming sunlight conditions unchanged since 
Step 3).

FIGURE 6 

max. allowable voltage drop =0.3 volts 

=ot  
Voltmeter 

7. For multiframe arrays this test procedure can be repeated 
for each individual array section by making these tests at 
each individual array cable termination. For each 
individual array section, disconnect the cable leads from 
the terminal block inside the external junction box and 
repeat Steps 3 through 6. The corresponding information 
for each frame is listed on the front cover of this manual 
(reference "Frame Performance"). 

8. If an array does not pass this test, refer to the Trouble-
shooting Guide, Section 4.2. 

TABLE 3-1 

HYDROMETER READING CORRECTIONS TO 77*F 

Electrolyte Temperature 	 Correction 
[F	 [add to reading] 

140 +0.024 

130 +0.020 

120 +0.016 

110 +0.012 

100 +0.008 

•90 +0.004 

80 +0.000 

70 -0.004 

60 -0.008 

• 50 -0.012 

40 -0.016 

30 -0.020 

20 -0.024 

10 -0.028 

0 -0.032 

-10 -0.036 

-20 -0.040 

-30 -0.044 

-40 -0.048

NOTE: The temperature of the electrolyte solution, not the 
ambient air temperature, should be measured with an 
immersion type thermometer. Some hydrometers have a 
thermometer and temperature correction scale built in.

TABLE 3-2 

PERCENT OF 500 HOUR RATE CAPACITY REMAINING 
VS. 

ELECTROLYTE SPECIFIC GRAVITY (CORRECTED TO 77-F) 

Initial Electrolyte 
Specific Gravity 

1.210 1.250 1.300 

% Capacity Hydrometer Reading 
Remaining (Corrected to 77° Fl 

100 1.210 1.250 1.300 
90 1.197 1.235 1.283 
80 1.185 1.221 1.266 
70 1.172 1.206 1.249 
60 1.160 1.192 1.232 
50 1.147 1.177 1.215 
40 1.135 1.163 1.198 
30 1.122 1.148 1.181 
20 1.110 1.134 1.164 
10 1.097 1.119 1.147 

0 1.085 1.105 1.130

TEST 3-2: BLOCKING DIODE PERFORMANCE 
1. This test must be performed either at night with no 

artificial light striking the array or with a black opaque 
cloth covering the entire array (reference Figure 7). 

2. Disconnect the positive lead of the array cable(s) or the 
voltage regulator-batter'y cable from the battery terminals. 
Connect a milliammeter between this disconnected lead 
and the positive battery terminal (positive milliammeter lead 
to the positive battery terminal) (reference Figure 7). The 
current measured should be less than 4mA times the numbe 
of solar cells connected in parallel (listed under "Array 
Performance" on the front cover). 

A current exceeding the above value indicates that the 
diode(s) has developed excessive reverse leakage current. 
If the array contains a diode mounted in a junction box, it 
should be replaced (reference Section 4.3). If the system 
includes a voltage regulator(s), refer to Regulator Manual 
for testing procedure. Otherwise, the diode(s) is located 
inside the module(s) and this test should be repeated 
for each module on the affected frame. Access to each 
module's leads may be obtained by removing the attached 
junction box cover. Disconnect the leads at the terminal 
block before starting the test. Remember that no light can 
strike the module's surface. Diodes located in the terminal 
box attached to the back of each module are sealed 
and cannot be replaced in the field. Any module that 
shows excessive reverse leakage current should be 
replaced (reference Section 4.3). 

TEST 3-3: BATTERY SELF-DISCHARGE 
[LEAD-ACID BATTERIES] 

NOTE: THIS TEST WILL REQUIRE REMOVAL OF THE 
BATTERY SYSTEM FROM THE ARRAY SITE. 

1. Disconnect all cables from the battery terminals. Charge 
the battery or battery cell at a current rate not exceeding 
the battery's capacity in ampere hours divided by 20 hours 
(e.g., a 100-ampere hour battery would be charged at a 
current of 5 amperes or less). A standard battery charger 
should suffice for this purpose. Discontinue charging 
when the battery's terminal voltage exceeds 2.3 volts 
per series-connected battery cell. 

2. Take a specific gravity reading of the electrolyte in each 
battery cell and record the corrected values (use Table 3-1 
and an immersion thermometer). 
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3. Allow the battery to stand idle at room temperature for a 
week. At the end of the week take a second set of specific 
gravity readings. Compare with readings taken in Step 2. 
Corrected readings differing by more than 15 points 
(0.015) indicate a battery cell with excessively high self-
discharge. 

4.0 MAINTENANCE 
4.1 REGULAR MAINTENANCE 

(Yearly intervals recommended.) 
4.1 .1 Check battery electrolyte level. Replenish with 
distilled water, if necessary. When checking or adding to the 
battery electrolyte, the battery manufacturer's 
recommendations should be followed. 
4.1 .2 Check the module surface(s) for dirt buildup. Normal 
rainfall will usually be sufficient to provide for self-cleaning, 
if the array is tilted at 15° or more from the horizontal. 
However, if dirt buildup becomes excessive, either plain 
water or a mild detergent solution followed by a water rinse 
may be used. DO NOT USE SOLVENTS OR STRONG 
DETERGENTS. 
4.2 TROUBLESHOOTING GUIDE 

Most problems can be isolated with the aid of the 
following guide. If it is impossible to locate the problem, 
please contact the Technical Service Department at Solar 
Power Corporation for assistance. 
CONDITION 1 Other Symptoms 
Battery electrolyte Specific gravities 
specific gravity low of all battery cells 
[lead-acid batteries] differ no more than 

20 points (0.020)
Checks and Repairs 
1.Check all battery electrical connections for corrosion and 

mechanical soundness. Clean and/or repair. 
2.Check to see if there are any obstructions that shadow any 

portiojtof the array during any part of the day. If this 
condition exists, either the obstruction must be removed 
or the array must be moved to an unobstructed location. 

3.Check the orientation of the array. Make sure it is facing 
directly due south (north in the southern hemisphere) and 
the tilt angle is correct (reference Section 2.2 or 2.3). 
Check the load current. Calculate the equivalent number 
of amp hours per day required by the load. Compare this 
calculation against the design load listed under 
"Installation Data" on the front cover. If the measured load 
exceeds the design load, contact the Technical Service 
Department at Solar Power Corporation. Each solar 
electric generator system is designed for a specific load. 
Deviations from that load may result in unsatisfactory 
operation.

5.Check the solar array output by following the instructions 
in Test 3-1. Refer to Conditions 3, 4, 5, or 6 (Section 4.2) 
as necessary. 

6.Check the blocking diode(s) by following the instructions 
in Test 3-2. 

7.Check for high battery self-discharge by following the 
instructions in Test 3-3. If the battery or part of the total 
battery system fails this test, replace the defective battery 
cell(s). 

CONDITION 2 Other Symptoms 
Same as	 Specifib gravity of 
Condition 1	 only one or a few 

battery cells low 
Checks and Repairs 
1.Check for excessively high electrolyte level. If so, shelter 

battery to prevent rain from entering through the vent 
hole(s). 

2.Check the affected cells for high battery self-discharge by 
following the instructions in Test 3-3. Replace battery cell 
or battery containing bad cell. 

CONDITION 3 
Array open circuit 
voltage equal to 
zero (from Test 3-11 
Checks and Repairs 
1. Single Frame Arrays: 

(a)If the array Consists of only one module, that module 
must be replaced (reference Section 4.3). 

(b)If the array consists of more than one module, remove 
the cover of the junction box mounted to the back of 
the array. With the output cable disconnected from the 
battery terminals, test for voltage at the individual 
module leads. If voltage is present, there are bad 
contacts. At the terminal block, or the crimp 
connectors attached to the output cable are not 
making contact to the wire, or the output cable's 
conductors are broken. Clean all connections. Test 
crimp connectors by pulling on wires. Recrimp or 
attach wire directly to terminal block if necessary. Test 
the cable with an ohmmeter or continuity tester. 
Replace output cable if it is an open circuit. 

2. Multiframe Arrays: 
(a) Remove junction box cover. Check for loose 

connections at the terminal block. Tighten if 
necessary. 

FIGURE 7

M illiam meter 

- -
 Black opaque cloth over entire array or perform at night 	
battery 

with no light shining on array.
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(b) Test for voltage at the individual array cable 
terminations. If voltage is present there, proceed to 
Step 2 (C). If no voltage is present at any of the cable 
terminations, each array section must be checked 
individually as described in Step 1(b). 

(c) Make sure that at least one lead of the battery cable 
is disconnected from the battery terminals. Connect a 
jumper wire between any positive array cable terminal 
and the positive battery cable terminal. If voltage is 
now present at the battery cable leads, and there is a 
blocking diode within an external junction box, either 
the blocking diode is defective or one of the wires 
connecting the diode to the terminal block is broken. 
Detach the plate on which the terminal block is 
mounted by removing the four corner screws. The 
blocking diode is located beneath the plate. Inspect for 
any broken wires and if none are found, replace the 
diode (reference Section 4.3). 

(d) Check the continuity of the battery cable with an 
ohmmeter or continuity tester. Replace output cable if 
it is an open circuit. 

CONDITION 4 
Array open circuit 
voltage low [from 
Test 3-1] 

Checks and Repairs 
Check that the voltmeter's resistance is greater than 1,000 
ohms per volt, that the sun is clearly visible, that there is no 
thick haze blocking the sun, and that the array is aimed 
towards the sun. 

Single Frame Arrays: 

(a) If the array consists of only one module, that module 
should be replaced (reference Section 4.3). 

(b) If the array consists of more than one module, remove 
the cover of the junction box mounted in the back of the 
array. Disconnect the cable leads from each module. 
Test each module individually for low open circuit 
voltage. The voltmeter reading (open circuit voltage) 
should be greater than 0.48 volt times the number of 
solar cells in series (listed under "Module 
Performance" on the front cover). Any module that 
does not pass this test should be replaced (reference 
Section 4.3). 

Multiframe Arrays: Disconnect the array cables from the 
terminal block in the external junction box or from the 
battery terminals. Check the open circuit voltage at each 
individual cable pair of wires to isolate the affected array 
section. The voltmeter reading (open circuit voltage) 
should be greater than 0.48 volt times the number of solar 
cells in series (listed under "Array Performance" on the 
front cover). To locate the defective module in the array 
section isolated above, follow the instructions in Step 
2(b). 

CONDITION 5 
Array short circuit 
current low [from 
Test 3-1] 
Checks and Repairs 

Check for dirt buildup on any module or portion of a 
module. Clean according to Section 4.1.2. 

2. Check for condensation, snow, or ice on module or any 
portion of a module. Wipe clean. 

3. Check for shading of any module or portion of a module. 
Retest after removing obstruction.

4. Make sure array is aimed directly at the sun. Retest after 
correcting tilt. 

5. Single frame arrays or when the problem is isolated to a 
single array frame (reference Step 6): Remove the attachE 
junction box cover. Test each individual module for shor 
circuit current as described in Test 3-1, Steps 3 and 4. 
Compare these values to the short circuit current values 
listed on the front cover under "Module Performance". 
Replace any module (reference Section 4.3) which fails 
Test 3-1. Make sure all connections in the junction box are 
tight and clean. 

6. Muitiframe Arrays: Perform Test 3-1 for each array sectic 
(cable) to determine the faulty section. Check for any 
loose terminals or broken wires within an external junction 
box. Also check all connectors, if any, for corrosion and 
tight mating of the male and female contacts. Clean or 
replace as necessary. 

CONDITION 6 

Excessive difference 
between array short 
circuit and battery 
charging current [from 
Test 3-1] 
Checks and Repairs 
1. Check for corrosion at the battery terminals. Clean 

terminals and cable leads. Retest. 

2. If the array has a junction box(es) (either internal or 
external), remove the cover(s) and inspect for corrosion 
on all electrical connections within the box. Clean or 
replace damaged components. Retest. 

3. Test each module individually as described in Steps 3, 4, 
and 6 of Test 3-1. Compare these values to the short circuit 
current values as listed on the front cover under "Module 
Performance'. Replace any module(s) that fail Test 3-1 
(reference Section 4.3). 

4.3 MODULE AND DIODE REPLACEMENT 
When it has been determined that a module or a blocking 
diode needs replacing, proceed as follows: 

4.3.1 Replacement of Module 
(a) Remove cover of junction box attached to array 

frame. 

(b) Disconnect at the terminal strip the cable leads of the 
module being replaced. 

(c) Loosen the threaded gland of the cable fitting through 
which the module cable enters the junction box. Pull 
the end of the cable out of the junction box. 

(d) Remove the nuts and bolts holding the module onto t! 
array frame. Lift off the module; save the hardware 
removed. 

(e) Insertion of Replacement Module: 
Reverse the removal procedure; (a) through (d) 
above. 

4.3.2. Replacement of Blocking Diode
Located in Junction Box 

(a) Disconnect battery cable at battery terminals. 

(b) Remove the junction box cover and the metal 
plate on which the terminal block is mounted. 
Loosen or remove cable leads from the terminal 
block, if necessary. 
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(c)The diode will usually be mounted on a heat sink. 
Make a sketch showing which lead goes to which 
terminal and how the hardware is assembled. 
Unsolder the leads to the diode. Remove the 

iode. 
(d)Insert the new diodee,cact same number as the 

diode being replaced). Take care to replace the 
hardware in the same order as was on the removed 
diode. 

(e)Solder the leads to the new diode. Take care that 
the leads go to the same terminals as on the 
removed diode. (Array positive lead to anode; 
battery positive lead to cathode.) 

(f) Replace the metal plate and the junction box 
cover. 

(g)Reconnect the battery cable to the battery 
terminals. 

4.3.3. Replacement of Blocking Diode Located in Module 
A blocking diode within the module cannot be replaced in 
field. The module should be removed from the array frame 
(reference Section 4.3.1, a-d) and returned to Solar Power 
Corporation for repair. 

5.0 TOOLS AND EQUIPMENT 
5.1 INSTALLATION &MAINTENANCE TOOLS 

Ratchet Handle (2/8" on 1 /2" drive) 
6" Extension 
1/2" Socket and Wrench 
9/16" Socket and Wrench 
7116" Socket and Wrench 
3 /4" Socket and Wrench 
Screw Drivers (1/8" to 1 /2" wide) 
Slip Joint Pliers (1 /2" diamete r grip) 
Locking Pliers 
Crimping Tool (VACO 22-10 or equivalent) and 
assorted crimp termina's 
Wire Strippers 
Diagonal Cutters (medium) 
Compass (magnetic) 
Inclinometer 

5.2 TESTING EQUIPMENT 
Simpson 260 VOM (or equivalent) 
Immersion Thermometer 
Battery Hydrometer 

* U.S. GOVERNMENT PRINTING OFFICE: 1980-640-247/130 REGION NO. 4 
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