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REQUIREMENTS DEVELOPMENT 

Photovoltaic module design features and per- 
formance characteristics have undergone significant 
evolutionary changes between pre-1975 First Genera- 
tion configurations and current Third Generation 
design technology. A major contributor to this 
evolution was an iterative process of continuing 
design guideline and specification development for 
major module procurements. Module manufacturers 
have actively responded to these evolving require- 
ments through progressively improving designs. This 
iterativeffeedback process is described. Interim 
design guidelines and preliminary design options 
reflecting the LSA 1982 Module Technical Readiness 
Specification (November 1979) (1) are described 
with respect to previous design and performance 
requirements. 

INTRODUCTION 

Flat plate photovoltaic module design features 
and performance characteristics have undergone 
significant evolutionary changes between the First 
Generation (pre-1975) modules and current Third 
Generation designs. At the start of the national 
photovoltaic program only a few manufacturers were 
producing commercially available module designs 
based on preliminary concepts of packaging and 
utilizing available materials and methods. These 
designs have evolved into carefully engineered con- 
figurations currently being developed by a broad 
cross section of manufacturers producing modules 
for applications ranging from small remote uninter- 
ruptible power sources to residential systems, and 
even up to large utility connected sub-megawatt 
systems. 

A major contributor to this evolutionary pro- 
cess has been the continuing development and upgrad- 
ing of design and performance specifications used 
to purchase large blocks of photovoltaic modules. 
As successive revised and improved design guide- 
lines and performance specifications have been 
developed, nanufacturers have improved the charac- 
teristics of their modules to meet the new require- 
ments in innovative and cost effective designs. 

A series of module performance and design 
requirements documents has been developed and 
issued by the Jet Propulsion Laboratory in order to 
support large blocks of module procurements made by 
the Low Cost Solar Array Project and other elements 
of the national program. A tabulation of these 
documents, their chronology and intended applica- 
tion, appears in Table I. The requirements incor- 
porated in these documents have evolved through a 
closed-loop iterative process consisting of the 
steps outlined in Figure 1. The first step is 
identification of an important operating parameter, 
such as potential failure mode, interface con- 
straint (usually application-dependent), or envi- 
ronmental stress. This identification comes from 
a variety of sources, such as review of the 
intended application(s), feedback of module per- 
formance results under existing qualification 
tests, actual field failure incidence, or potenti- 
ally envisioned problems, such as hail impact, 
which was included as a requirement before actual 
field incidence. 

The second step in the process incorporates 
two simultaneous procedures. Exploratory testing 

Table I. Low-Cost Solar Array Project 
JPL Module Specifications 

Identification 

5-342 

5-342-1, Rev. A 

5-342-1, Rev. C 

5101-65 

5101-16, Rev. A 

5101-83 

5101-138 

Application 

Block I 

Block I1 

Block I11 

PRDA-38 

Block IV, ILC 

Block IV, Residential 

1982 MTR, ILC 

Date 
Issued 

- 

June '75 

Dec '76 

May '77 

Mar '78 

Nov ' 78 

Nov ' 76 
Nov '79 
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Figure 1. Spec i f i ca t ion  Development Process (Closed Loop). 

APPLICATION 
REQUIREMENTS 

of e x i s t i n g  module designs is  conducted t o  repro- 
duce o r  cha rac t e r i ze  t h e  an t i c ipa t ed  opera t ing  
ccndi t ion ,  o r  reproduce t h e  f a i l u r e  mechanism. 
Assessinent is made a n a l y t i c a l l y  of t h e  p robab i l i t y  
of t h e  problem occurrence o r  t he  cond i t i ons  leading  
t o  a p a r t i c u l a r  opera t ional  o r  f a i l u r e  mode. 

I n  t he  t h i r d  s t ep ,  t e s t  procedures a r e  devel- 
oped and t e s t s  conducted t o  v e r i f y  t h e  v a l i d i t y  of 
the  t e s t  method and i t s  associa ted  evalua t ion  
c r i t e r i a ,  us ing  a sequence of explora tory  t e s t s  
conducted on e x i s t i n g  hardware from previous 
procurements. F ina l ly ,  t h e  revised  requirement is  
incorporated i n  subsequent r ev i s ions  of t h e  design 
and t e s t  s p 5 f i c a t i o n s .  Actual  procurement, 
q u a l i f i c a t i o n ,  and acceptance t e s t i n g  of modules 
t o  t h e  s p e c i f i c a t i o n  requirements, f i e l d  perfor-  
mance of t h e  modules when deployed i n  t h e  f i e l d ,  
and information obtained from manufacturers during 
module production provide important feedback 
elements i n  t he  process. 
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1982 TECHNICAL READINESS SPECIFICATION 

a 
EXPLORATORY 
TESTS 

The objec t ive  of t he  1982 Technical  Readi- 
ness  Module (MTR) Design and Test  Spec i f i ca t ion ,  
JPL 5101-138, i s  t o  provide design guide l ines  and 
performance and t e s t  requirements f o r  s o l a r  c e l l  
modules which w i l l  demonstrate a c a p a b i l i t y  t o  
meet t h e  LSA Pro jec t  1986 goals .  Modules which 
meet t h e  requirements of t h i s  document w i l l  se rve  
a s  pa thf inder  des iens  f o r  t h e  development, design 
and f ab r i ca t ion  of f u l l y  automated process equip- 
ment wi th  megawatt production capaci ty .  Differ-  
ences between t h e  MTR s p e c i f i c a t i o n  and p r i o r  docu- 
ments a r e  summarized in Table 11. I n  p a r t i c u l a r ,  
the  MTR spec i f i ca t ion  incorpora tes  a h o t  spo t  
endurance t e s t  which r e f l e c t s  t he  p o t e n t i a l  f o r  
l oca l i zed  hea t ing  of indiv idual  c e l l s  under shadow- 
ing or  cracked c e l l  condi t ions .  Analyses performed 
by the  LSA Engineering Area and repor ted  by 
Gonzalez and Weaver (2) i n i t i a t e d  development of 
t he  test procedure. During the development a c t i v i -  
t i e s ,  ho t  spot  f a i l u r e s  a c t u a l l y  occurred i n  the  
f i e l d .  The increased vol tage  i s o l a t i o n  requirement 

A 

is based on the  r e s u l t s  of s t u d i e s  by Bechtel  indi -  
c a t i n g  t h a t  system vol tages  f o r  in termedia te  load 
cen te r  app l i ca t ions  should be of t he  order of 
1000 VDC. The e f f i c i ency  requirement r e f l e c t s  t he  
LSA Pro jec t  1986 goals .  

1 

A s  a  r e s u l t  of t he  issuance of t h i s  spec i f i ca -  
t i o n  i t  is  an t i c ipa t ed  t h a t  modules produced i n  
t he  1982-86 t i m e  frame, and meeting these  design and 
t e s t  requirements, w i l l  be t y p i f i e d  by t h e  follow- 
i n g  design f ea tu re s  : 

4J 

1.2 meter x 1.2 meter dimensions 

Overa l l  n e t  module e f f i c i ency  of 10% a t  
Nominal Operating Cel l  Temperature 

Indiv idual  module vol tages  l e s s  than 30 VDC, 
f o r  s a f e t y  reasons 

1000 VDC system vol tage  i s o l a t i o n  c a p a b i l i t y  
demonstrated by a 3000 VDC hi-pot 

A 'nigh degree of c i r c u i t  r e l i a b i l i t y  and 
f a u l t  t o l e r ance  provided by appropr ia te  
l e v e l s  of s e r i e s / p a r a l l e l  connections,  
mu l t i p l e  c e l l  contac t ing ,  and/or diode 
p ro t ec t ion  

So i l i ng  r e s i s t a n t  f r o n t  su r f aces  

S t r u c t u r a l  design in t eg ra t ed  wi th  a r r a y  
support  s t r u c t u r e  

CONCLUSION 

The frequent  reassessment of module design 
requirements has r e su l t ed  i n  a cont inual ly  evolving 
s e r i e s  of s o l a r  c e l l  module design and t e s t  

REQUIREMNT 
NEED 
IDENTIFICATION - 

spec i f i ca t ions .  Module d e ~ i . ~ n . s  meeting these  
requirements have become success ive ly  more sophis- 
t i c a t e d  and have demonstrated inc reas ing  per for -  
mance c a p a b i l i t i e s  i n  keeping wi th  t h e  cos t  and 
l i f e t i m e  goals  of t h e  National  Photovol ta ic  Progrnm. 
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Table 11. Q u a l i f i c a t i o n  T e s t s  F l a t -P l a t e  Modules 

T e s t s  

Thermal 
Cycle 

Humidity 
Cycle . 

Mechanical 
Loading 

Wind 
Res is tance  

Twist 

Ha i l  
Impact 

E l e c t r i c a l  
I s o l a t i o n  

Ground 
Continuity 

Blk I Blk I1 

i l e s  

?RDA-38 
Blk I V  

L L C ~ R E S .  

X 

X 

X 

X 
Shingles 
h l y  

X 

X 

X 

X 

REFERENCES 

MTR '82 
ILC Tes t  Levels  

-40°C, +90°C/hr 
50 Cycles 
(Blk I = 100 Cycles 

5 Cycles, 95%, +40°, +28"C 
(Blk I 90%, 70°C) 

t2.4 kPa, 10000 Cycles 
(21.7 kPa f o r  Res iden t i a l )  
(Blk 11, 111 = 100 Cycles) 

3 H i t s ,  3 P l ace s  
w/20 rmn I c e  B a l l  
10 H i t s ,  S e n s i t i v e  Locat ions  
w/25 nun I c e  B a l l  

2 x System Voltage 
P l u s  1000 VDC 

50 Milliohm Tes t  
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