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PREFACE I. : _ 
. . . . .  

T h i s  s p e c i f i c a t i o n  w a s  p repared  by t h e  Engineer ing  Area o f  t h e  
Low-Cost S o l a r  Array P r o j e c t .  I n q u i r i e s  r e l a t e d  t o  d e t a i l s  o f  t h e  
document o r  r e q u e s t s  f o r  a d d i t i o n a l  i n f o r m a t i o n  should be  d i r e c t e d  t o  
D r .  R. G. Ross, Jr . ,  Engineer ing  Area Manager, o r  M r .  J .  C.  A r n e t t ,  
Cognizant  Module Design Engineer .  
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SECTION I 

INTRODUCTION 

A .  SCOPE 

T h i s  s p e c i f i c a t i o n  p r o v i d e s  near- term d e s i g n ,  q u a l i f i c a t i o n  and 
a c c e p t a n c e  requ i rements  f o r  t e r r e s t r i a l ~ s o l a r  c e l l  modules s u i t a b l e  f o r  
i n c o r p o r a t i o n  i n  p h o t o v o l t a i c  power s o u r c e s  (2 kW t o  1 0  kW) a p p l i e d  t o  
s i n g l e  f a m i l y  r e s i d e n t i a l  i n s t a l l a t i o n s .  Requirement l e v e l s  and recom- 
mended d e s i g n  l i m i t s  f o r  s e l e c t e d  performance c r i t e r i a  have been s p e c i -  
f i e d  f o r  modules in tended  p r i n c i p a l l y  f o r  r o o f t o p  i n s t a l l a t i o n s .  
Modules s a t i s f y i n g  t h e  requ i rements  o f  t h i s  s p e c i f i c . a t i o n  f a l l  i n t o  one 
of two c a t e g o r i e s ,  r e s i d e n t i a l  p a n e l  o r  r e s i d e n t i a l  s h i n g l e ,  b o t h  
meet ing g e n e r a l  performance requ i rements  p l u s  a d d i t i o n a l  c a t e g o r y  
p e c u l i a r  c o n s t r a i n t s .  

B. APPLICABLE DOCUMENTS 

The f o l l o w i n g  documentat ion i s  a p p l i c a b l e  t o  t h e  e x t e n t  s p e c i f i e d :  

(1 )  M i l i t a r y :  MIL-STD-810 C ,  Environmental  T e s t  Methods, 
March 10,  1975. 

(2) Energy Research and Development A d m i n i s t r a t i o n :  TM 73702, 
ERDA/NASA/1022-77/16 " T e r r e s t r i a l  P h o t o v o l t a i c  Measurement 
Procedures"  J u n e  1977, Lewis Research C e n t e r ,  C l e v e l a n d , .  
Ohio, 44135. 

(3)  Underwr i t e r s  Labora to ry ,  I n c . :  UL Standard No. UL 997, 
Wind R e s i s t a n c e  of Prepared  Roof Cover ing M a t e r i a l s , "  
L a t e s t  Rev is ion .  



SECTION I1 

DESIGN AND PERFORMANCE REQUIREMENTS 

S o l a r  c e l l  modules meet ing t h e  r e q u i r e m e n t s  o f  t h i s  document w i l l  
be i n s t a l l e d  i n  roof - top  a r r a y s  in tended  f o r  r e s i d e n t i a l  a p p l i c a t i o n s  
r a n g i n g  from 2 kW t o  1 0  kW. I n  g e n e r a l  t h e s e  a r e  in tended  as s i n g l e -  
f a m i l y  d w e l l i n g  a p p l i c a t i o n s .  The u s e  o f  c o n c e n t r a t o r s  o r  h y b r i d  
(combined the rmal  and p h o t o v o l t a i c )  sys tems s h a l l  n o t  be  c o n s i d e r e d  i n  
mee t ing  t h e s e  requ i rements .  The module d e s i g n s  s h a l l  s a t i s f y  t h e  
f o l l o w i n g  g e n e r a l  d e s i g n  c o n s i d e r a t i o n s .  Environments t o  be  cons idered  
i n  a s s e s s i n g  p o s s i b l e  d e g r a d a t i o n  of module e l e c t r i c a l  performance and 

' 

p h y s i c a l  p r o p e r t i e s  i n c l u d e :  s o l a r  exposure  ( p a r t i c u l a r l y  UV); the rmal  
c o n d i t i o n s ,  i n c l u d i n g  f r e e z i n g  and thawing; e f f e c t s  o f  wind, r a i n ,  snow, 
i c e ,  h a i l ,  s a l t  m i s t ,  and a tmospher ic  o x i d a n t s ;  d u s t  and d e b r i s  accumu- 
l a t i o n ,  e s p e c i a l l y  nonremovable s t a i n s  o r  con tamina t ion ;  and dynamic 
l o a d i n g  e f f e c t s  of wind, snow and h a i l .  I n  a d d i t i o n  t o  t h e s e  g e n e r a l  
c o n s i d e r a t i o n s ,  t h e  fo l lowing  s p e c i f i c  performance and d e s i g n  r e q u i r e -  
ments s h a l l  b e  met by t h e  modules. 

A .  PERFORMANCE REQUIREmNTS 

The f o l l o w i n g  s t a n d a r d  performance measurement r e q u i r e m e n t s  s h a l l  
be used:  

(1) Average Module Output Power - Average module o u t p u t  power 
Pavg) s h a l l  b e  determined f o r  a s u i t a b l y  s i z e d  sample quan- 
t i t y  of modules (not  l e s s  t h a n  l o ) ,  a t  Standard Opera t ing  
Condi t ions  (SOC) and a t  Nominal Opera t ing  Vol tage  (Vno). 
S tandard  Opera t ing  Condi t ions  (SOC) a r e  d e f i n e d  as a n  

2 AM1.5 i r r a d i a n c e  l e v e l  of 100 mW/cm and c e l l  t empera tu re  
e q u a l  t o  t h e  Nominal O p e r a t i c g  C e l l  Temperature  (NOCT). 
~h~ power o u t p u t  (P) of i n d i v i d u a l  modules s h a l l  be  d e t e r -  
mj.n.~.d p e r  S e c t i o n  I V ,  paragraph A ,  

(2 )  Minimum I n d i v i d u a l  Module Power Output - The minimum 
a c c e p t a b l e  power o u t p u t  (Pmin) f o r  p r o d u c t i o n  modules s h a l l  
be n o t  l e s s  t h a n  90 p e r c e n t  of t h e  predetermined PaVg. 

( 3 )  Nominal Opera t ing  Vol tage  - The Nominal Opera t ing  Vol tage  
(Vno) i s  t h e  r e f e r e n c e  v o l t a g e  a t  which modules a r e  des igned  
t o  p r o v i d e  maximum power o u t p u t  a t  S tandard  Opera t ing  



C o n d i t i o n s  (100 mw/cm2,  NOCT) . For  purposes  of 
s t a n d a r d i z a t i o n ,  Vno s h a l l  b e  15.0  Vdc, o r  a  conven ien t  
f r a c t i o n  o r  m u l t i p l e  o f ' 1 5  v o l t s ;  I n  no  c a s e  s h a l l  
Vno exceed 60 Vdc. 

( 4 )  Nominal O p e r a t i n g  C e l l  Temperature - The Nominal Opera t ing  
C e l l  Temperature  (NOCT) i s  t h e  module c e l l  t e m p e r a t u r e  
under  ambient c o n d i t i o n s  e q u i v a l e n t  t o  t h e  S tandard  
Thermal Environment (STE) which i s  d e f i n e d  a s :  

I n s o l a t i o n  = 100 mW/cm 
2 

A i r  t e m p e r a t u r e  = 20°C 

Wind a v e r a g e  v e l o c i t y  = 1 m / s  

Mounting = O r i c n t c d  normal t o  s o l a r  noon ,  mnunted 
on s t r u c t u r e  t y p i c a l  of a p p l i c a t i o n  

E l e c t r i c a l  Load = Open c i r c u i t  

The NOCT s h a l l  b e  determined by t h e  p rocedure  provided 
i n  Appendix A. 

B. ELECTRICAL DESIGN REQUIRDlENTS 

The e l e c t r i c a l  d e s i g n  of t h e  module s h a l l  meet t h e  f o l l o w i n g  
requ i rements  : 

(1 )  E l e c t r i c a l  Vol tage  I s o l a t i o l ~  - A l l  module c i r c u i t r y . ,  i n c l u d -  

- i n g  output t c r l l l i i ~ u t i c r i ~ ~ ,  ollcrll Lc i n s u l a t e d  from c l c c ~ r i c i i l l y  
c o n d u c t i v e  e x t e r n a l  s u r f a c e s .  . The v o l t a g e  i s o l a t i o n  d e s i g n  
s h a l l  p r o v i d e  c a p a b i l i t y  t o  w i t h s t a n d  a n  o p e r a t i n g  v o l t a g e  
r e s u l t i n g  from s e r i e s  c o n n e c t i o n  of modules t o  o b t a i n  a  
sys tem v o l t a g e  of 250 Vdc. T h i s  c a p a b i l i t y  s h a l l  be  demon- 
s t r a t e d  by s u c c e s s f u l  complet ion of :he 1500 Vdc h i g h  v o l t -  
a g e  w i t h s t a n d i n g  test  of S e c t i o n  111, paragraph  B.2. 

(2 )  E l e c t r i c a l  Grounding and S a f e t y  - I n  o r d e r  t o  minimize 
e l e c t r i c a l  hazard  t o  p e r s o n n e l ,  a l l  modules s h a l l  be  provided 
wlLh a11 t l x l ~ r r i a l  gruuud111g L H ~ . I I I ~ L I ~ ~  V L .  sLud s t i ~ v l r ~ g  at: a 
common grounding p o i n t  f o r  a l l  exposed e x t e r n a l  conduc t ive  
s u r f a c e s  n o t  p a r t  o f  , t h e  module c i r c u i t r y .  A grounding 
c o n n e c t i o n  i s  n o t  r e q u i r e d  f o r  modules wi thou t  exposed con- 
d u c t i v e  s u r f a c e s ,  u n l e s s  removal of c o v e r s ,  mounting hardware ,  
o r  a d j a c e n t  modules,  w i l l  expose  such  s u r f a c e s .  

(3 )  Module E l e c t r i c a l  I n t e r f a c e  - Each,module s h a l l  be  provided 
w i t h  redundan t  o u t p u t  t e r m i n a t i o n s .  The p o l a r i t y  of each 
t e r m i n a t i o n  s h a l l  b e  c l e a r l y  marked i n  a  permanent and 
l e g i b l e  manner. The t e r m i n a t i o n s  s h a l l  p r o v i d e  redundant  



c o n n e c t i o n  t o  t h e  module i n t e r n a l  c i r c u i t r y  ( c e l l  s t r i n g s )  
and s h a l l  have c u r r e n t  h a n d l i n g  c a p a b i l i t y  compatible '  w i t h  
module s h o r t  c i r c u i t  c u r r e n t .  I f  p i g t a i l s  are s e l e c t e d  as 
t h e  o u t p u t  t e r m i n a t i o n ,  t h e y  s h a l l  b e  of s u f f i c i e n t  l e n g t h  
t o  p rov idk  i n t e r c o n n e c t i o n  w i t h  a d j a c e n t  modules. Output  
t e r m i n a t i o n  redundancy is  n o t  a requ i rement  when d i r e c t  
module-to-module i n t e r c o n n e c t i o n  c a p a b i l i t y  i s  prov ided .  

( 4 )  C e l l  S t r i n g  C i r c u i t  Re l iab i l i ty /Redundancy  - C i r c u i t  
redundancy f e a t u r e s  s h a l l  be i n c o r p o r a t e d  where c o s t  
e f f e c t i v e  t o  enhance t h e  r e l i a b i l i t y  and manufac tu r ing  
y i e l d  of completed modules. Design f e a t u r e s  may i n c l u d e ,  
b u t  a r e  n o t  l i m i t e d  t o  t h e  fo l lowing :  

( a )  Redundant i n t e r c o n n e c t i o n s  between s o l a r  c e l l s ,  
i n c l u d i n g  redundant  c e l l  a t t achment  p o i n t s  

(b) S e r i e s / p a r a l l e l  i n t e r c o n n e c t i o n  of c e l l s  w i t h i n  t h e  
module 

( c )  I n t e g r a l  bypass  d i o d e s  w i t h i n  each module 

The d e c i s i o n  t o  i n c o r p o r a t e  redundancy f e a t u r e s  s h a l l  b e  
based on t h e  expected p e r c e n t  improvement i n  l i f e t i m e l y i e l d  
and replacement  c o s t  as c o n t r a s t e d  w i t h  t h e  p e r c e n t  i n c r e a s e  
i n  module c o s t l w a t t .  S e r i e s l p a r a l l e l  c i r c u i t  a r rangements ,  
when used,  s h a l l  be des igned  s o  t h a t  "hot-spot" c e l l  h e a t i n g  
does  n o t  l e a d  t o  f u r t h e r  module d e g r a d a t i o n  under  wors t -  
c a s e - s i n g l e - c e l l - f a i l u r e  c o n d i t i o n s  d e f i n e d  a s  f o l l o w s :  

( a )  The module o u t p u t  i s  s h o r t , c i r c u i t e d  

(b)  A s i n g l e  r e p r e s e n t a t i v e  s o l a r  c e l l  i s  open c i r c u i t e d  
t o  r e p r e s e n t  a  s i n g l e  c e l l  f a i l u r e  

(c )  The i n c i d e n t  i r r a d i a n c e  is  100 m ~ / c r n ~ ,  AM1.5 

(d )  The the rmal  boundary c o n d i t i o n s  a r e  a d j u s t e d  s o  t h a t  
t h e  e q u i l i b r i u m  s o l a r  c e l l  t empera tu re  o u t s i d e  of t h e  
hot-spot  r e g i o n  i s  e q u a l  t o  NOCT + 20°C 

C .  MECHANICAL DESIGN REQUIREMENTS 

The mechanical  d e s i g n  of t h e  module s h a l l  m e e t  t h e  f o l l o w i n g  
requ i rements :  

(1) Module Geometry - To meet t h e  a r r a y l s y s t e m  r e q u i r e m e n t s  f o r  
mounting, each module s h a l l  meet t h e  enve lope ,  mechan ica l ,  - 
and i n t e r f a c e  requ i rements  s p e c i f i e d  by a n  I n t e r f a c e  C o n t r o l  



Drawing t o  be p repared  by t h e  manufacturer/contractor, 
p r o v i d i n g  a s  a minimum t h e  f o l l o w i n g  i n f o r m a t i o n :  

( a )  Maximum enve lope .  d imensions  and t o l e r a n c e s  

(b) ~ o c a t i o n  and c o n f i g u r a t i o n  of o u t p u t  t e r m i n a t i o n s  

(c)  Mounting h o l e  o r  a t t achment  p r o v i s i o n s ,  d imensions ,  
and t o l e r a n c e  

(d)  I l l u m i n a t e d  ( a c t i v e )  s u r f a c e  dimensions  and shadowing 
o r  view a n g l e  c o n s t r a i n t s  

( e )  Nominal e l e c t r i c a l  performance (P ) 
avg 

(f  ) llaximum weight  

(g )  Dimensioned c r o s s - s e c t i o n a l  v iew through c e l l s  and 
t r r m i n a t  i o n s  

(h )  Drawing o f  r o o f - t o p  i n s t a l  1 a t i n n  showing i n t o r f a c e  
c o n s t r a i n t s  

( i )  D e t a i l s  o f  l a b e l i n g  and i d e n t i f i c a t i o n  

To a l l o w  f o r  conven ien t  hand l ing  and t e s t i n g  of modules,  
no i n d i v + d u a l  p a n e l  module s h a l l  exceed 1 . 2  m e t e r s  x 
1 .2  m e t e r s  (47.244 i n c h e s  x 47,244 i n c h e s ) .  S h i n g l e  
modu1.e~ s h a l l  b e  s i z e d  such t h a t  a n  i n t e g r a l  number of 
modules w i l l  f i t  e f f i c i e n t l y  on a 1.2 m x 1 . 2  m mnun t ing  
s t r u c t u r e .  

(2 )  I n t c r c l i a l l g c o b i l l t y  .- A l l  modules freak a g i v  ell ~nanuf a c r u r e r  
s h a l l  b e  p h y s i c a l l y  and f u n c t i o n a l l y  i n t e r c h a n g e a b l e .  
T o l e r a n c e s  on a l l  e x t e r n a l  modu1.e dimensions  s h a l l  be  main- 
t a i n e d  a t  a  l e v e l  c o n s i s t e n t  w i t h  module i n t e r c h a n g ~ a h i l i t y ,  
S u r f a c e s ,  mounting h o l e s ,  and any a t t achment  hardware 
a s s o c i a t e d  w i t h  t h e  a t t achment  i n t e r f a c e s ,  s h a l l  be main- 
t a i n e d  w i t h i n  t o l e r a n c e  s p e c i f i e d  i n  t h e ' i n t e r f a c e  c o n t r o l  
drawing. 

( 3 )  O p t i c a l  S u r f a c e  S o i l i n g  - The i l l u m i n a t e d  o p t i c a l  s u r f a c e ( s )  
of t h e  module a h a l l  be smooth, and g e n e r a l l y  f r e e  of p r o j e c -  
t i o n s  which cou ld  promote entrapment  of d u s t  and o t h e r  
d e b r i s .  P a r t i c u l a r  a t t e n t i o n  s h a l l  b e  g i v e n  t o  s e l e c t i o n  of 
m a t e r i a l s  f o r  t h e  o p t i c a l  s u r f a c e ( s )  which wi l l .  minimize t h e  
accumula t ion  of nonremovable con taminan ts ,  p a r t i c u l a t e  
m a t t e r  and s r a i n s ,  and w i l l  promote s e l f - c l e a n i n g  by n a t u r a l  
p r o c e s s e s  such  a s  wind and r a i n .  

(4)  Module L a b e l i n g  and I d e n t i f i c a t i o n  - Each module s h a l l  be 
i d e n t i f i e d  i n  a pcrmanent and l e g i b l e  manner w i t h  s u i t a b l e  
l a b e l s  o r  markings s p e c i f y i n g  t h e  m a n u f a c t u r e r ' s  module 



model number ( o r  drawing) and r e v i s i o n ,  s e q u e n t i a l  s e r i a l  
number, y e a r  and week of manufacture ,  and maximum system 
o p e r a t i n g  v o l t a g e  f o r  which t h e  module i s  des igned .  Addi- 
t i o n a l  i n f o r m a t i o n  may i n c l u d e  t h e  Nominal Opera t ing  Vol tage  
and power of t h e  module. The p o l a r i t y  o f  each  e l e c t r i c a l  
t e r m i n a t i o n  s h a l l  be marked i n  a permanent and l e g i b l e  
manner i n  a p o s i t i o n  which i s  v i s i b l e  when a c c e s s i n g  t h e  
e l e c t r i c a l  t e r m i n a t i o n s  i n  a .completed a r r a y .  

D . ENVIRONMENTAL DESIGN REQUIREl.ENTS 

Environments t o  b e  c o n s i d e r e d  i n  a s s e s s i n g  p o s s i b l e  d e g r a d a t i o n  of 
module e l e c t r i c a l  performance and p h y s i c a l  p r o p e r t i e s  i n c l u d e :  s o l a r  
exposure  ( p a r t i c u l a r l y  W ) ;  t h e r m a l  c o n d i t i o n s ,  i n c l u d i n g  f r e e z i n g  and 
thawing; e f f e c t s  of wind, r a i n ,  snow, i c e ,  h a i l ,  s a l t  m i s t ,  and atmo- 
s p h e r i c  o x i d a n t s ;  d u s t  and d e b r i s  accumulat ion,  e s p e c i a l l y  nonremovable 
s t a i n s . o r  con tamina t ion ;  and dynamic l o a d i n g  e f f e c t s  of wind,  snow, 
and h a i l .  A s  a  minimum, t h e  module d e s i g n  s h a l l  be  c a p a b l e  of wi th-  
s t a n d i n g  exposure  t o  t h e  f o l l o w i n g  t e s t  environments :  

(1 )  Thermal c y c l i n g  from - 4 0 ° C  t o  + 9 0 ° C  p e r  t h e  test 
procedure  i n  S e c t i o n  V ,  pa ragraph  A.  

(2) Humidity p e r  t h e  t e s t  p rocedure  i n  S e c t i o n  V,  pa ragraph  B. 

(3) Mechanical  c y c l i c  l o a d i n g  per  t h e  t e s t  procedure  i n  
S e c t i o n  V ,  paragraph C .  The t e s t  l o a d  l e v e l  s h a l l  be  
+1.7 kPa (+35 pounds p e r  s q u a r e  f o o t ) .  Th i s  t e s t  i s  - 
.appl icable-only  t o  p a n e l  t y p e  modules. 

( 4 )  Wind r e s i s t a n c e  t e s t  p e r  t h e  procedure  i n  S e c t i o n  V ,  
. paragraph  D.  S h i n g l e  t y p e  modules o n l y  s h a l l  be  

c a p a b l e  of w i t h s t a n d i n g  a  t e s t  l e v e l  e q u i v a l e n t  t o  an 
u p l i f t  l o a d i n g  of 1 . 7  kPa (35 pounds/f  t 2 ) .  

3 )  ' l 'wisted mounting s u r f a c e  of 20 mm/m (114 i n c h  per  f o o t )  
pe r  t h e  t e s t  p rocedure  i n  S e c t i o n  V .  Pa ragraph  E.  

(6)  H a i l  impact t e s t i n g  p e r  t h e  t e s t  p rocedure  i n  S e c t i o n  V ,  
paragraph F. The module s h a l l  be c a p a b l e  of w i t h s t a n d i n g  
20.0 mm (314 i n c h )  d iamete r  h a i l s t o n e  impact .  



SECTION I11 

Ci-lARACTERIZATION,. QUALIFICATION AND ACCEPTANCE REQUIREMENTS 

A. PERFORMANCE CHARACTERIZATION TEST REQUIREMENTS 

The tests included in this section will be performed to character- 
ize the module electrical and thermal performance. The characterization 
testing will be performed in the sequence shown in the flow diagram in. 
Figur.e 3- 1 . 

(1) Determination of Nominal Operating Cell Temperature - For 
purposes of providing a measurement of module performance 
that is representative of the anticipated terrestrial 
application, all module performance measurements shall be 
referenced to the Nominal Operating Cell Temperature (NOCT). 
NOCT is defined as the average cell temperature in the 
module under ambient conditions equivalent to the Standard 
Thermal Environment (STE). The. Standard Thermal Environment 
is characterized by 100 rn~/cmz insolation, ambient air temp- 
erature of 20°C, average wind velocity of 1.0 m/s, with the 
module installed in an open-frame panel assembly. Electrical 
output terminations are open-circuited. Actual cell tempera- 
tures shall be taken at conditions approximating STE in order 
to obtain the solar cell NOCT. The approved techniques for 
performing the NOCT characterization test are included in 
Appendix A. 

Initial Electrical Measurement - An appropriate size sample . 

quantity of the prototype modules will be used to determine 
initial electrical performance per Section IV, paragraph A. 
Measurements shall be referenced to the NOCT determined per 
paragraph III.A.l, and at Nominal Operating Voltage (Vno). 
In addition to obtaining an initial I-V characteristic curve 
for each module at SOC, the average output power,(Pavg) at 
nominal operating voltage shall be calculated from measure- 
ments of all prototype samples tested. When these electri- 
cal measurements are to be made at conditions other than 
SOC, the temperature correction coefficients required to' 
correct measurements to NOCT shall be previously determined 
in accordance with Appendix B. 

This section specifies the minimum tests that shall be performed 
in order to verify that the modules will satisfy the design requirements 
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of t h i s  s p e c i f i c a t i o n  and t o  p r o v i d e  conf idence  t h a t  p r o d u c t i o n  
modules w i l l  f u n c t i o n  w i t h i n  t h e  s p e c i f i e d  performance requ i rements .  
Modules s h a l l  be mounted on r i g i d  s t r u c t u r a l  t e s t  frames s i m u l a t i n g  
t h e  s e l e c t e d  mounting i n t e r f a c e  and c o n f i g u r a t i o n  f o r  a l l  d e s i g n  
q u a l i f i c a t i o n  t e s t i n g .  The mounting arrangement s h a l l  be r e p r e s e n t a -  
t i v e  of t h e  r o o f t o p  i n s t a l l a t i o n  shown on t h e  m a n u f a c t u r e r ' s  I n t e r f a c e  
Cont ro l  Drawing. Modules s h a l l  be provided w i t h  s u i t a b l e  thermocouple 
o r  c i r c u i t  moni to r ing  i n s t r u m e n t a t i o n .  A s  a  minimum, t h e  f o l l o w i n g  
q u a l i f i c a t i o n  t e s t s  s h a l l  be  performed i n  t h e  o r d e r  d e s c r i b e d  below. 
For c l a r i f i c a t i o n ,  t h e  t e s t  sequence i s  shown i n  t h e  f low c h a r t  
(F igure  3-1). 

(1) Ground C o n t i n u i t y  T e s t  - Each module having exposed e x t e r n a l  
c o n d u c t i : ~ e  s u r f a c e s  ( i . e . ,  frame o r  s t r u c t ~ ~ r a l  m e m b e r s ) . s h a l l  
b e  t e s t e d  us ing  a  s u i t a b l e  c o n t i n u i t y  t e s t e r  t o  v e r i f y  t h a t  
e l e c t r i c a l  c o n t i n u i t y  e x i s t s  between a l l  such s u r f a c e s  and 
t h e  module grounding p o i n t .  The maximum r e s i s t a n c e  t o  ground 
s h a l l  be  50 mi l l iohms .  

( 2 )  E l e c t r i c a l  I s o l a t i o n  T e s t  - Each module s h a l l  b e  s u b j e c t e d  
t o  a 'Hi-Pot'  t e s t  conducted w i t h  t h e  o u t p u t  t e r m i n a t i o n s  
s h o r t - c i r c u i t e d .  T e s t  l e a d s  from a s u i t a b l e  d c  v o l t a g e  
power supp ly  s h a l l  be connected w i t h  t h e  p o s i t i v e  l e a d  on 
t h e  t e r m i n a l s  and t h e  n e g a t i v e . l e a d  on t h e  module grounding 
s t u d .  

I n  t h e  c a s e  of modules n o t  r e q u i r e d  t o  p r o v i d e  a  grounding 
s t u d ,  t h e  mounting s t r u c t u r e  s h a l l  b e  used a s  t h e  second 
t e s t  p o i n t .  Vol tage  s h a l l  be a p p l i e d  a t  a  r a t e  n o t  t o  
exceed 500 ~ / s e c  up t o  t h e  t e s t  v o l t a g e  of 1500 Vdc, and 
t h e n  h e l d  a t  t h e  r e q u i r e d  t e s t  v o l t a g e  f o r  1 minu te .  The 
module s h a l l  be observed d u r i n g  t h e  t e s t  and t h e r e  s h a l l  be  
no s i g n s  of a r c i n g  o r  f l a s h o v e r .  Leakage c u r r e n t  s h a l l  be 
moni tored d u r i n g  t h e  t e s t  and s h a l l  n o t  exceed 50 microamps. 

(3)  B a s e l i n e  E l e c t r i c a l  Pleasurement - Subsequent t o  assembly i n  
t h e  structural module s h a l l  be remeasured 
t o  e s t a b l i s h  a  b a s e l i n e  e l e c t r i c a l  o u t p u t  power which wil .1 
s e r v e  a s  t h e  comparison v a l u e  f o r  d e t e r m i n a t i o n  of t h e  
e f f e c t s  of q u a l i f i c a t i o n  t e s t i n g  on e l e c t r i c a l  performance.  
The measurement s h a l l  b e  made p e r  S e c t i o n . I V ,  Paragraph A .  

( 4 )  V i s u a l  I n s p e c t i o n  - Each module s h a l l  be  v i s u a l l y  i n s p e c t e d  
t o  o b t a i n  a  b a s e l i n e  i d e n t i f i c a t i o n  of t h e  p r e s e n c e  o r  
absence  of any d e f e c t s  i n  t h e  module f o r  purposes  of d e t e c t -  
i n g  any changes f o l l o w i n g  env i ronmenta l  exposure .  P e r t i n e n t  
s e c t i o n s  of t h e  a p p l i c a b l e  a c c e p t a n c e / r e j e c t i o n  c r i t e r i a  o r  
worlunanship s p e c i f i c a t i o n  s h a l l  p r o v i d e  a  gu ide  f o r  t h i s  
i n s p e c t  i o n .  



(5) Environmental  T e s t s  - Each,module s h a l l  be  s u b j e c t e d  t o  t h e  
f o l l o w i n g  exposures .  Module e l e c t r i c a l  performance measure- 
ments and v i s u a l  i n s p e c t i o n  s h a l l  b e  conducted a f t e r  each 
exposure .  The t e s t s  s h a l l  b e  conducted :n"the o r d e r  
i n d i c a t e d  : 

( a )  Thermal c y c l i n g  t e s t  

(b)  Humidity c y c l i n g  test 

(c )  Mechanical  c y c l i n g  tes t ,  i f  a p p l i c a b l e  

( d )  Wind r e s i s t a n c e  t e s t ,  i f  a p p l i c a b l e  

(.el Twis ted mounting s u r f a c e  t e s t  

( f )  H a i l  impact t e s t '  

(6) Q u a l i f i c a t i o n  P a s s / F a i l  C r i t e r i a  - Tho o u t p u t  power degrada-  
t i o n  o f  each t e s t e d  module determined a f t e r  complet ion of 
a l l  q u a l i f i c a t i o n  t e s t s ,  s h a l l  n o t  exceed 5  p e r c e n t  of t h e  
b a s e l i n e  e l e c t r i c a l  performance determined p e r  Sect  i o n  111, 
paragraph  B.3. The module s h a l l  p a s s  t h e  e l e c t r i c a l  
i s o l a t i o n  t e s t  when r e t e s t e d  a t  complet ion of q u a l i f i c a t i o n  
t e s t s .  There  s h a l l  b e  no o c c u r r e n c e s  of open c i r c u i t  o r  
s h o r t  c i r c u i t  c o n d i t i o n s  d u r i n g  t e s t s  i n  which t h e  module 
c i r c u i t r y  i s  ins t rumented .  The a l l o w a b l e  l e v e l  of observ-  
able c.rar.ks nr n t h w  mechanical d e g r a d a t i o n  (ouch ao 
d e l a m i n a t i o n  of c o a t i n g s )  s h a l l  be  determined by t h e  JPL- 
approved m a n u f a c t u r e r ' s  module a c c e p t a n c e  t e s t i n g  p l a n .  
Accep tab le  performance under  t h e  q u a l i f i c a t i o n  t e s t i n g  
r e q u i r e m e n t s  i s  a  p r e r e q u i s i t e  f o r  J P L  a p p r o v a l  of t h e  
rnudule d e s i g n .  

C .  MODULE PRODUCTION ACCEPTANCE REQUIREMENTS 

llodule a c c e p t a n c e  s h a l l  be  based on meet ing t h e  fo l lowing  
requ i rements  : 

(1) E l e c t r i c a l  Performance - Each module s h a l l  be measured t o  
d e t e r m i n e  i t s  c u r r e n t - v o l t a g e  c h a r a c t e r i s t i c s  (I-V c u r v e ) .  
Measurement s h a l l  be  made i n  accordance w i t h  pa ragraph  A 
of S e c t i o n  I V .  No module s h a l l  be  accep ted  f o r  de l - ive ry  
which produces  l e s s  t h a n  90 p e r c e n t  of t h e  average  module 
o u t p u t  power (P ) under Standard Opera t ing  C o n d i t i o n s .  

. avg , 

' ( 2 )  E l e c t r b c a l  T s o l a t i o n 7 -  Each module s h a l l  be s u b j e c t e d  t o  a  
1500 Vdc Hi-Pot t e s t ,  p e r  S e c t i o n  111, Paragraph  B . 2 ,  t o  
a s s u r e  a d e q u a t e  e l e c t r i c a l  i s o l a t i o n  f o r  s a f e t y  of o p e r a t  <ng 
p e r s o n n e l  a t  sys tem o p e r a t i n g  v o l t a g e s .  



( 3 )  Mechanical  and V i s u a l  I n s p e c t i o n  - Modules s h a l l  b e  mech- 
a n i c a l l y  and v i s u a l l y  i n s p e c t e d ,  on t h e  b a s i s  of c r i t e r i a  
developed by t h e  manufac tu re r ,  and approved by J P L ,  d e f i n i n g  
a c c e p t a b l e / r e j e c t a b l e  l e v e l s  o f  workmanship and q u a l i t y .  



SECTION' I V  

PERFORMANCE MEASUREMENT PROCEDURES 

A. ELECTRICAL PERFORMANCE 

E l e c t r i c a l  performance measurements s h a l l  be r e f e r e n c e d  t o  
Standard Opera t ing  Condi t ions  (SOC) d e f i n e d  a s  100 mw/cm2 AM1.5 
i r r a d i a n c e ,  Nominal Opera t ing  C e l l  Temperature (NOCT). A l l  p rocedures ,  
equipment and s t a n d a r d s  r e l a t e d  t o  measurements s h a l l  conform t o  t h e  
l a t e s t  r e v i s i o n  of NASA TM 73702, T e r r e s t r i a l  P h o t o v o l t a i c  Measurement 
Procedures .  ' A  r e f e r e n c e  c e l l  which h a s  s p e c t r a l  r e s p o n s e  r e p r e s e n t a -  
t i v e  of t h e  c e l l s  i n  t h e  module s h a l l  b e  t h e  o n l y  i r r a d i a n c e  r e f e r e n c e  
used.  Secondary s t a n d a r d s  o r  t r a n s f e r  modules s h a l l  n o t  be  used.  

To p rov ide  f o r  e f f i c i e n t  module t e s t i n g ,  module e l e c t r i c a l  p e r -  
formance may b e  based on measurements made a t  e i t h e r  Standard Opera- 
t i n g  Condi t ions  (SOC) o r  a t  Opt iona l  T e s t  Condi t ions  (OTC) d e f i n e d  a s  
100 m~/cm2 i r r a d i a n c e ,  and a  c e l l  t empera tu re  o t h e r  t h a n  NOCT. 

Module Output Power Measurements , a t  SOC 

When module performance. i s  measured a t  SOC, t h e  o u t p u t  
power of i n d i v i d u a l  modules s h a l l  be c a l c u l a t e d  a s  t h e  pro- 
d u c t  of Vn; (15 .0  Vdc u n l e s s  o t h e r w i s e  s p e c i f i e d )  and t h e  
module c u r r e n t  t aken  from t h e  I - V  c h a r a c t e r i s t i c  c u r v e  a t  

Vno : 

where 

'no 
= Module nominal o p e r a t i n g  v o l t a g e  a t  NUC'I' 

Isoc = 
Module c u r r e n t  a t  NOCT and Vno 

Module Output Power Measurements a t  OTC 

When module performance i s  measured a t  O p t i o n a l  T e s t  
Condi t ions  (OTC), ' the  i n d i v i d u a l  module o u t p u t  power must 
b e  determined by a p p l i c a t i o n  of a p p r o p r i a t e  t empera tu re  
c o r r e c t i o n  c o e f f i c i e n t s  t o  t h e  v o l t a g e  and c u r r e n t  d a t a  
o b t a i n e d  from t h e  OTC I - V  c h a r a c t e r i s t i c  curve.  Under t h e s e  
c o n d i t i o n s  t h e  module o u t p u t  power is  c a l c u l a t e d  d i r e c t l y  
from: 



where 

'OTC = Current at V from OTC I-V curve OTC 

A 1  = Current temperature correction, amps 

. . -  
- '1 ( T ~ ~ ~ ~  - 'OTC) 

C~ 
= Current temperature coefficient, amps/'c 

'OTC 
= Voltage point on OTC I-V curve 

A V = Voltage temperature correction, volts 

- 
- ( T ~ o ~ ~  -  to^^) 

Cv = Vultage temperature coefficient, volts/'C 

T~~~~ = Predetermined value of NOCT 

T~~~ = Selected optional test temperature 

Determination of the temperature coefficients shall be 
accomplished by the method described in Appendix B. 

Alternate temperature correction procedures such as that 
prnvidcd by oomputcr eontrolled Large-Area Pulsed Solar 
Simulator (Xenon source) may be used if approved by JPL. 



SECTION V 

The module s h a l l  be  s u b j e c t e d  t o  t h e  the rmal  c y c l i n g  p rocedure  p e r  
F igure  5-1, c o n s i s t i n g  o f  50 c y c l e s  w i t h  t h e  c e l l  t empera tu re  v a r y i n g  
between -40°C and +90°C. The t empera tu re  s h a l l  v a r y  approx imate ly  
l i n e a r l y  w i t h  t ime a t  a  r a t e  n o t  exceed ing  100°C p e r  hour  and w i t h  a 
p e r i o d  n o t  g r e a t e r  t h a n  6 h o u r s  p e r  c y c l e  (from ambient  t o  -40°C t o  
+90°C t o  ambien t ) .  The module c i r c u i t r y  s h a l l  be i n s t r u m e n t e d  and 
moni tored throughout  t h e  t e s t  t o  v e r i f y  t h a t  no open c i r c u i t s  o r  s h o r t  
c i r c u i t s  occur  d u r i n g  t h e  exposure .  

B. HUMIDITY .TEST PROCEDURE 

The module s h a l l  be  s u b j e c t e d  t o  t h e  humidi ty  c y c l i n g  p rocedure  
p e r  F i g u r e  5-2. The module s h a l l  be  t e s t e d  i n  t h e  open c i r . c u i t  con- 
d i t i o n ,  b u t  w i t h  t e r m i n a t i o n s  p r o t e c t e d  from w a t e r  condensa t ion .  
E l e c t r i c a l  performance t e s t ,  p e r  pa ragraph  I V .  A ,  s h a l l  b e  performed 
w i t h i n  one hour a f t e r  removal from t h e  humidi ty  chamber, o r . w i t h i n  
a n o t h e r  m u t u a l l y  agreed-upon t ime p e r i o d  i f  t h e  t e s t i n g  i s  s u b c o n t r a c t e d .  

C .  MECHANICAL CYCLING TEST PROCEDURE 

The module s h a l l  b e  s u b j e c t e d  t o  a c y c l i c  l o a d  t e s t  i n  which t h e  
module i s  suppor ted  o n l y  a t  t h e  d e s i g n  s u p p o r t  p o i n t s  and a uniform 
l o a d  normal t o  t h e  module s u r f a c e  i s  c y c l e d  10 ,000  t imes  i n  a n  a l t e r -  
n a t i n g  n e g a t i v e  and p o s i t i v e  d i r e c t i o n .  Cycle r a t e  s h a l l  n o t  exceed 
20 cyc les /minu te .  The module c i r c u i t r y  s h a l l  be i n s t r u m e n t e d  t o  v e r i f y  
t h a t  no open c i r c u i t r y  o r  s h o r t  c i r c u i t s  occur  d u r i n g  t h e  t e s t .  JPL 
Ducu~ncnt 5101-13 "Cyc l ic  Pressure-Load Developmental  Tesciiig ul: 3 u l a r  
Pane l s , "  February 1 9 7 7 ,  d e s c r i b e s  t e c h n i q u e s  s u i t a b l e  t o  t h e  performance 
o f  t h i s  t e s t .  

D. TWISTED MOUNTING SURFACE TEST PROCEDURE 

The module s h a l l  be s u b j e c t e d  t o  a  t w i s t  t e s t  by d e f l e c t i o n  of t h e  
s u b s t r a t e  t o  which i t  i s  mounted. The d e v i a t i o n  from a  t r u e  f l a t  s u r -  
face d u r i n g  the  t e s t  s h a l l  be  +20 mm/m ( 5 1 4  i n c h  p e r  f o o t )  measured 
a l o n g ' e i t h e r  mounting s u r f a c e  as shown i n  F i g u r e  5-3. The module 
c i r c u i . t r y  s h a l l  be  ins t rumented  t o  v e r i f y  t h a t  no open c i r c u i t s  o r  s h o r t  
c i r c u i t s  occur  d u r i n g  t h e  d e f l e c t i o n  t e s t .  



F i g u r e  5-1. Thermal Cycle  T e s t  ( S h o r t e r  c y c l e  t ime i s  a c c e p t a b l e  
i f  100°C/hr  maximum r a t e  of t empera tu re  ch.ange is  n o t  
exceeded. Chamber may b e  opened a t  25 c y c l e s  f o r  
v i s u a l  i n s p e c t i o n  .) 

b- MAXIMUM CYCLE TIME 

Figure  5-2. Humidity Cycle  T e s t  ( S u i t a b l e  p rocedures  f o r  accomplishing 
t h i s  t e s t  a r e  d e s c r i b e d  i n  MIL-STD-81UC, Method 507.1,  
P rocedure  V . )  
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E. TWISTED MOUNTING SURFACE TEST PROCEDURE 

The module s h a l l  be  s u b j e c t e d  t o  a t w i s t  t e s t  by d e f l e c t i o n  of t h e  
s u b s t r a t e  t o  which i t  i s  mounted. The d e v i a t i o n  from a  t r u e  f l a t  s u r -  
f a c e  d u r i n g  t h e  t e s t  s h a l l  b e  220 m / m  ('114 i n c h  p e r  f o o t )  measured 
a l o n g  e i t h e r  mounting s u r f a c e  a s  shown i n  F i g u r e  5 - 3 .  The module c i r -  
c u i t r y  s h a l l  b e  ins t rumented  t o  v e r i f y  t h a t  no open c i r c u i t s  o r  s h o r t  
c i r c u i t s  occur  d u r i n g  t h e  d e f l e c t i o n  t e s t .  

F .  HAIL IMPACT TEST PROCEDURE 

The module s h a l l  b e  s u b j e c t e d  t o  normal impact l o a d i n g  w i t h  
20 mm (314 inch)  d iamete r  i c e b a l l s  t r a v e l i n g  a t  t e r m i n a l  v e l o c i t y  of 
20.1 m/sec (45 mph) s p e c i f i e d  s i z e .  At l e a s t  t h r e e  d i f f e r e n t  p o i n t s  of 
impact s h a l l  b e  s e l e c t e d  t o  i n c l u d e  t h e  test specimen 's  most s e n s i t i v e  
exposed p o i n t ,  and e a c h  p o i n t  w i l l  be  s t r u c k  a t  l e a s t  3  t i m e s  ( a  minimum 
of 9 impac t s ) .  The most s e n s i t i v e  exposed p o i n t  on a  t e s t  specimen must 
be  determined e x p e r i m e n t a l l y  through d e s t r u c t i v e  t e s t i n g  of a  sample 
pane l .  I c e b a l l s  of 38 mm (1-112 i n . )  d iamete r  s h a l l  be  f i r e d  a t  candi-  
d a t e  s e n s i t i v e  p o i n t s  w i t h  i n c r e a s i n g  v e l o c i t y  u n t i l  t h e  p a n e l  i s  broken. 
S e v e r a l  d i f f e r e n t  p o i n t s  on t h e  p a n e l  shou ld  b e  broken,  and t h e  p o i n t s  
broken a t  t h e  l o w e s t  v e l o c i t i e s  should  be used f o r  subsequen t  t e s t i n g .  

The c a n d i d a t e  p o i n t s  s e l e c t e d  should i n c l u d e  (where a p p l i c a b l e )  
t h e  fo l lowing  : 

(1) Corners  and edges  of t h e  module 

(2) Edges o f  c e l l s ,  e s p e c i a l l y  around e l e c t r i c a l  c o n t a c t s  

(3) P o i n t s  o f  minimum spac ing  between c e l l s  

(4)  P o i n t s  o f  s u p p o r t  f o r  any s u p e r s t r a t e  m a t e r i a l  

( 5 )  P o i n t s  o f  maximum d i s t a n c e  from p o i n t s  of suppor t  i n  (4)  above . 

Some s c a t t e r  i s  expec ted  i n  h i t t i n g  a  l o c a t i o n  on a module. Three  
r e p e a t e d  impac t s  a r e  r e q u i r e d  t o  e n s u r e  t h a t  a  s e n s i t i v e  p o i n t  h a s  been 
s t r u c k .  E r r o r  o f  up t o  1 3  mm (112 i n . )  i n  t h e  l o c a t i o n  h i t  i s  accep t -  
a b l e .  E i t h e r  pneumatic o r  s p r i n g - a c t u a t e d  guns f o r  p r o j e c t i n g  t h e  i c e -  
b a l l s  a g a i n s t  t h e  modules a r e  a c c e p t a b l e .  However, i c e b a l l  v e l o c i t y  a t  
impact must b e  c o n t r o l l e d  t o  w i t h i n  +5 p e r c e n t  of t e r m i n a l  v e l o c i t y  f o r  
t h e  r e q u i r e d  h a i l s t o n e  s i z e .  I c e b a l l s  s h a l l  b e  g e n e r a l l y  s p h e r i c a l  i n  
s h a p e . w i t h  a  maximum d e v i a t i o n  i n  d iamete r  o f  23  mm (2118 i n . ) .  The 
i c e b a l l s  s h a l l  be  coo led  t o  -lO°C +2OC a s  measured i n  t h e  compartment 
where t h e y  a r e  s t o r e d .  The module s h a l l  b e  mounted i n  a manner r e p r e -  
s e n t a t i v e  of t h a t  used f o r  a c t u a l  i n s t a l l a t i o n  of t h e  module i n  t h e  
a r r a y .  A f t e r  each impact ,  t h e  module s h a l l  be  i n s p e c t e d  f o r  ev idence  of 
v i s i b l e  damage. Note t h a t  i c e b a l l s  a r e  t h e  o n l y  a c c e p t a b l e  h a i l s t o n e  
s i m u l a t i o n .  . Dropped s t e e l  b a l l s ,  f o r  example, s h a l l  n o t  be  used.  
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APPENDIX A 

DETERMINATION OF NOMINAL OPERATING CELL TEMPERATURE 

1. Purpose  

The purpose  o f  t h i s  test i s  t o  a c q u i r e  s u f f i c i e n t  d a t a  t o  a l l o w  a n  
a c c u r a t e  d e t e r m i n a t i o n  of t h e  nominal o p e r a t i n g  t e m p e r a t u r e s  o f  t h e  s o l a r  
c e l l s  o f  a t e r r e s t r i a l  s o l a r  a r r a y  module. 

I3y d e f i n i L i u l ~ ,  t h e  Nominal Upera t ing  Cell Temperature (NOCT) i s  
t h e  module c e l l  t empera tu re  under  o p e r a t i n g  c o n d i t i o n s  i n  t h e  S tandard  
Thermal Environment (STE) which i s  d e f i n e d  as: 

I n s o l a t i o n  = 100 mw/cm2 

A i r  t empera tu re  = 20°C 

Wind average  v e l o c i t y  = 1 m / s  

Mounting = o r i e n t e d  normal t o  s o l a r  noon, open back 

E l e c t r i c a l  l o a d  = open c i r c u i t  

The BOCT test procedure  :is based on g a t h e r i n g . a c t u a 1  measured c e l l  
t empera tu re  d a t a  v i a  thermocouples a t t a c h e d  d i r e c t l y  t o  t h e  c e l l s  o f  
i n t e r e s t ,  f o r  a r a n g e  of env i ronmenta l  c o n d i t i o n s  s i m i l a r  t o  t h e  STE. 
The d a t a  a r e  t h a n  p r e s e n t e d  i n  a  way t h a t  a l l o w s  a c c u r a t e  and r ~ p e a t a b l ~  
e x t r a p o l a t i o n  of t h e  NOCT tempera tu re .  

2. De te rmina t ion  o f  NOCT 

The t empera tu re  of t h e  s o l a r  c e l l  (Toll) is  p r i m a r i l y  a  funr . t ion  
o f  t h e  a i r  t e m p e r a t u r e  (Tpi,), t h e  average wind v e l n r i t y  (81, and t h e  
LuLal sviar i n s o l a t i o n  (L) impinging on t h e  a c t i v e  s i d e  o f  t h e  s o l a r  
a r r a y  module. The approach f o r  de te rmin ing  NOCT i s  based on t h e  f a c t  
t h a t  t h e  t e m p e r a t u r e  d i f f e r e n c e  (Tcell-Tair)  i s  l a r g e l y  independen t  of 
a i r  t empera tu re  and i s  e s s e n t i . a l . 1 ~  1.i .nearly p ropo i - t iona l  t o  t h e  i n s o l a -  
t i o n  l e v e l .  Analyses  i n d i c a t e  t h a t  t h e  l i n e a r  assumpt.i.nn. i s  q u i t e  good 
f u r  i n s o l a r i o n  l e v e l s  g r e a t e r  t h a n  abou t  40 mw/cm2. The p rocedure  c a l l s  
f o r  p l o t t i n g  (Tol l -Tair )  a g a i n s t  t h e  i n s o l a t i o n  l e v e l  f o r  a p e r i o d  when 
wind c o n d i t i o n s  a r e  f a v o r a b l e .  The NOCT val.ue i s  t h e n  determined by 
a d d i n g  T,ir = 20°C. to  t h e  v a l u e  of (TCel1-Tair) e x t r a p o l a t e d  f o r  t h e  STE 

2  i n s o l a t i o n  l e v e l  o f  100 mW/cm , i. e ,  , NOCT = (TCel1-Tai,) 1 STE + 20°C, 

The p l o t  o f  (TCel1-Tair) v s  L s h a l l  be determined by conduc t ing  a  
minimum of two f i e l d  t e s t s  i n  which t h e  module b e i n g  c h a r a c t e r i z e d  i s  
t e s t e d  under t e r r e s t r i a l  env i ronmenta l  c o n d i t i o n s  approx imat ing  t h e  STE 
I n  accordance  w i t h  t h e  t e s t i n g  g u i d e l i n e s  which fo l low.  Each t e s t  s h a l l  
c o n s i s t  o f  a c q u i r i n g  a semi-continuous r e c o r d  of (TCel1-Tair) o v e r  a  



one- o r  two-day p e r i o d ,  t o g e t h e r  w i t h  o t h e r  measurements as r e q u i r e d  t o  
c h a r a c t e r i z e  t h e  t e r r e s t r i a l  environment d u r i n g  t h e  t e s t i n g  p e r i o d .  
Accep tab le  d a t a  s h a l l  c o n s i s t  of measurements made when t h e  average  wind 
v e l o c i t y  i s  1 m/s 5 . 7 5  m / s  and w i t h  g u s t s  l e s s  t h a n  4  m / s  f o r  a p e r i o d  
o f  5 minutes  p r i o r  t o  and up t o  t h e  t i m e  o f  measurement. Local  a i r  
t empera tu re  d u r i n g  t h e  t e s t  p e r i o d  s h a l l  n o t  d i f f e r  by more t h a n  5°C and 
s h a l l  l i e  i n  t h e  range  o f  20°C +15"C. Using o n l y  a c c e p t a b l e  d a t a  as s o  
d e f i n e d ,  a p l o t  s h a l l  b e  c o n s t r i c t e d  which d e f i n e s  t h e  r e l a t i o n s h i  

3.4 between (.Tcell-Tair) and t h e  i n s o l a t i o n  l e v e l  (L) f o r  L  2 40 mW/cm 

When (TCel1-Tair) i s  p l o t t e d  a s  a f u n c t i o n  o f  L f o r  average  wind 
v e l o c i t i e s  l e s s  t h a n  1 .75  m / s ,  r e s u l t s  s imilar t o  t h o s e  shown i n  
F i g u r e  A-1 a r e  o b t a i n e d .  For  t h e , d a t a  shown, t h e  l o c a l  a i r  t empera tu re  
was 15.6"C +4.5"C and t h e  wind speed v a r i e d  from z e r o  t o  l e s s  than  4  m / s  
w i t h  a n  average  of 1 m / s .  Using t h e  p l o t  of (Tcell-Tair) vs L, t h e  
v a l u e  o f  (TCel1-Tair) a t  STE i s  determined by e x t r a p o l a t i n g  t h e  a v e r a g e  
v a l u e  of (Tcell-Tair)  f o r  L = 100 mw/6rn2. Using t h e  d a t a  i n  F i g u r e  A - l  
a s  a n  example , ' (Tcel l -Tair )  a t  STE is  de te rmined  t o  b e  25.1°C. The 
p r e l i m i n a r y  v a l u e  of NOCT i s  t h u s  25.1°C + 20°C = 45.1°C. 

3 .  A i r  Temperature and Wind C o r r e c t i o n  

A c o r r e c t i o n  f a c t o r  t o  t h e  p r e l i m i n a r y  NOCT.for a v e r a g e  a i r  
t empera tu re  and wind v e l o c i t y  i s  determined from F i g u r e  A-2. T h i s  v a l u e  
i s  added t o  t h e  p r e l i m i n a r y  NOCT and c o r r e c t s  t h e  d a t a  t o  20°C and 1 m / s .  
Tair  and a r e  t h e  average  t empera tu re  and wind v e l o c i t y  f o r  t h e  test 
p e r i o d .  

- 
For t h e  t e s t  d a t a  shown i n  F i g u r e  A-1,  V i s  1 m / s  and ?fair is  

15.6"C. From F i g u r e  A-2, t h e  c o r r e c t i o n  f a c t o r  i s  0°C. . The NOCT i s ,  
t h e r e f o r e ,  45. 1°C. 

4 .  T e s t G e o m e t r y  

a. T i l t  Angle.  The p lane  o f  t h e  module s h a l l  b e  p o s i t i o n e d  s o  
t h a t  i t  i s  normal t o  t h e  sun  (25") a t  s o l a r  noon. 

b.  He igh t .  The bottom edge o f  t h s  module s h a l l  b e  0 . 6  m (2  f t )  
o r  more above t h e  l o c a l  h o r i z o n t a l  p l a n e  o r  ground l e v e l .  

c .  Panel  C o n f i g l ~ r a t , i o n .  The module s h a l l  be l o c a t e d  i n  t h e  
i n t e r i o r  of a  1 . 2  m x 1 . 2  m (4 f t  x  4  f t )  p a n e l  des igned  t o  s i m u l a t e  t h e  
the rmal  boundary c o n d i t i o n s  of t h e  expec ted  f i e l d  i n s t a l l a t i o n .  For 
modules des igned  f o r  f r e e - s t a n d i n g ,  open-back i n s t a l l a t i o n s ,  b l a c k  
aluminum p l a t e s  o r  o t h e r  modules o f  t h e  same d e s i g n  s h a l l  be  used t o  
f i l l  i n  any remaining open a r e a  o f  t h e  p a n e l  s u r f a c e .  During t e s t i n g  

* 
I f  t h e  a i r  t empera tu re  v a r i e s  by more t h a n  ' ~ o c ,  t h e  r e s u l t i n g  e f f e c t  
a p p e a r s  a s  an  i n c r e a s e  i n  t h e  s c a t t e r  o f  t h e  p l o t t e d  d a t a .  A s  a  r e s u l L ,  
t h e  d a t a  w i l l  be  more d i f f i c u 1 t . t ~  f i t  and a  l e s s  a c c u r a t e  r e s u l t  i s  
p o s s i b l e .  



F i g u r e  A-1.  T y p i c a l  C e l l  Temperature Data  

t h e  p a n e l  shou ld  be  suppor ted  i n  a  manner which a l l o w s  normal c o o l i n g  
of t he  r e a r  s u r f a c e .  I n  t h e  cage s f  modules t h a t  a l e  nuL se l1 -suppour ing  
o r  have s p e c i a l  mounting c h a r a c t e r i s t i c s ,  such a s  s h i n g l e  modules,  t h e  
t e s t  module s h a l l  be  c e n t r a l l y  l o c a t e d  i n  t h e  pane l  and i n t e g r a t e d  w i t h  
r e p r e s e n t a t i v e  s u p p o r t i n g  s t r u c t u r e  and i n t e r f a c i n g  modules t o  s i m u l a t e  
t h e  the rmal  boundary c o n d i t i o n s  expec ted  i n  f i e l d  a p p l i c a t i o n .  

d.  Surrounding Area. There s h a l l  b e  no o b s t r u c t i o n s  t o  p reven t  
f u l l  i r r a d i a n c e  o f  t h e  module beg inn ing  a minimum u f  4 hours  b e f o r e  s o l a r  
noon and up t o  4 h o u r s  a f t e r  s o l a r  noon. The ground s u r r o u n d i n g  t h e  
module s h a l l  n o t  have a  h i g h  s o l a r  r e f l e c t a n c e  and s h a l l  be  f l a t  a n d / o r  
s l o p i n g  away from t h e  t e s t  f i x t u r e .  Grass and v a r i o u s  t y p e s  o f  ground 
c o v e r s ,  b l a c k t o p ,  and d i r t  are recommended f n r  t h e  l n r a l  cllrr01.1nding 
a r e a .  B u i l d i n g s  hav ing  a  l a r g e  s o l a r  r e f l e c t i v e  f i n i s h  s h a l l  n o t  be  
p r e s e n t  i n  t h e  immediate v i c i n i t y .  Good e n g i n e e r i n g  judgment shall- be 
e x e r c i s e d  t o  e n s u r e  t h a t  t h e  module i s  r e c e i v i n g  a  minimum of r e f l e c t e d  
s o l a r  energy L L  uol ~ l l e  su r rounding  a r e a .  

e .  Wind D i r e c t i o n .  The wind s h a l l  n o t  be  predominant ly  from due 
e a s t  o r  due west.; f low p a r a l l e l  t o  t h e  p lane  of t h e  a r r a y  i s  n o t  a c c e p t -  
a b l e  and can r e s u l t  i n  a  lower - than- typ ica l  o p e r a t i n g  c e l l  t empera tu re .  

f  . Module E l e c t r i c a l  Load. I n  o r d e r  t o  s i m p l i f y  t e s t i n g ,  d a t a  
s h a l l  b e  o b t a i n e d  f o r  a  module o p e n - c i r c u i t  c o n d i t i o n  cor responding  t o  
ze ro  e l e c t r i c a l  power o u t p u t .  



AVERAGE AIR TEMPERATURE (ii,) 

. I .  . Figure A-2. NOCT Correction Factor ' ' 



5. T e s t  Equipment 

a .  Pyranometer .  The t o t a l  s o l a r  i r r a d i a n c e  on t h e  a c t i v e  s i d e  
of  t h e  module s h a l l  b e  measured by a  pyranometer  mounted on t h e  p l a n e  of 
t h e  module and w i t h i n  . 3  m . ( l  f t )  of  t h e  a r r a y .  The pyranometer  used 
s h a l l  have a  t r a c e a b l e  a n n u a l  c a l i b r a t i o n  t o  a  r e c o g n i z e d  s t a n d a r d  
i n s t r u m e n t  and s h a l l  be  e i t h e r  ( 1 )  a  temperature-compensated u n i t  which 
h a s  l e s s  than + 1 p e r c e n t  d e v i a t i o n  i n  s e n s i t i v i t y  o v e r  t h e  range  -20°C 
t o  +40°C, o r  (2 )  a u n i t  which i n c o r p o r a t e s  a  t empera tu re  s e n s o r  and h a s  
a  s e n s i t i v i t y - t e m p e r a t u r e  c o r r e c t i o n  s u p p l i e d  w i t h  i t s  c a l i b r a t i o n .  

b. Wind Measurement. Both t h e  wind d i r e c t i o n  and wind speed 
s h a l l  b e  measured a t  t h e  approx imate  h e i g h t  nf t he  module and ac n c a r  
t o  the  module a s  f e a s i b l e .  

c.  A i r  Temperature.  The l o c a l  a i r  t empera tu re  s h a l l  b e  measured 
a t  t h e  approx imate  h e i g h t  of  t h e  module. The measurement s h a l l  be  made 
i n  t h e  shadow of t h e  module and s h a l l  be a c c u r a t e  t o  +l°C. An a v e r a g e  
l o c a l  a i r  t e m p e r a t u r e  i s  d e s i r e d .  T h i s  i s  o b t a i n e d  s ~ t i s f a c t o r i l y  by 
i n c r e a s i n g  t h e  the rmal  mass of t h e  thermocouple by imbedding t h e  thermo- 
coup le  i n  a  s o l d e r  s p h e r e  of  a p p r o x i m t e l y  6 mm ( 1 / 4  i n )  d i a m e t e r .  The 
thermocouple must b e  a p p r o p r i a t e l y  s h i e l d e d  and v e n t e d .  

d. C e l l  Temperature.  The t empera tu re  o f  a t  l e a s t  two r e p r e -  
s e n t a t i v e  i n t e r i o r  s o l a r  c e l l s  s h a l l  be measured t o  +l°C.  Thermocouples 
s h a l l  be 36 gauge, and s h a l l  b e  s o f t - s o l d e r e d  d i r e c t i y  t o  t h e  back of  
the  c e l l s .  

e .  S u b s t r a t e  S u r f a c e  Temperature.  The e x t e r i o r  t empera tu re  of  
t h e  r e a r  of t h e  s o l a r  module s h a l l  be measured t o  +l°C benea th  a r e n r e -  - 
s e n t a t i v e  c e l l  and when p r a c t i c a l  b e n e a t h  n  r e p r e s e n t a t i v e  space  Letween 
c e l l s .  Thermocouplco s h a l l  be 26 gaclge, alld s l ~ a l l  be bonded down w i t h  
a lumin ized  epoxy ndhcs ive  o r  t h e  equivale~~l. 

6 .  Data Recording 

A l l  d a t a  s h a l l  b e  p r i n t e d  o u t  approx imate ly  e v e r y  2  minutes .  I n  
a d d i t i o n ,  s o l a r  i n t e n s i t y ,  wind speed ,  wind d i r e c t i o n ,  and a i r  
t empera tu re  s h a l l  be c o n t i n u o u s l y  r e c o r d e d .  

7 .  C lean ing  

The a c t i v e  s i d e  of t h e  s o l a r  c e l l  module and t h e  pyranometer  b u l b  
s h a l l  be  c l e a n e d  b e f o r e  t h e  s t a r t  of  e a c h  t e s t .  D i r t  s h a l l  n o t  b e  
a l lowed  t o  b u i l d  up. C lean ing  w i t h  a  mi ld  soap s o l u t i o n  fo l lowed  by a  
r i n s e  w i t h  d i s t i l l e d  w a t e r  tias proven t o  be e f f e c t i v e .  

8. Equipment C a l i b r a t i o n  

A c a l i b r a t i o n  check s h a l l  be  made of a l l  t h e  equipment p r i o r  t o  
t h e  s t a r t  of t h e  t e s t .  





APPENDIX B 

DETERMINATION OF TEMPERATURE CORRECTION COEFFICIENTS 

1. Purpose  

The purpose  of t h i s ' t e s t  i s  t o  de te rmine  t h e  t empera tu re  c o r r e c -  
t i o n  c o e f f i c i e n t s  used i n  t r a n s f o r m i n g  module e l e c t r i c a l  performance 
measurements made a t  O p t i o n a l  T e s t  C q n d i t i o n s  t o  S tandard  O p e r a t i n g  
C o n d i t i o n s .  

2. Approach 

A p h o t o v o l t a i c  I -V  c h a r a c t e r i s t i c  curve  o b t a i n e d  a t  a given c.el.1 
cemperaiusu alld a liaed i ~ ~ s u l a t j . 0 1 1  l eve l .  can b c  tranoformad by a point= 
by-point  c o r r e c t i o n  t o  a n  I -V  c u r v e  a t  a  d i f f e r e n t  t empera tu re .  For 
purposes  of t r a n s l a t i o n  from OTC t o  SOC t h e  i n s o l a t i o n  i s  c o n s t a n t  a t  
100 rnw/cm2. The r e g i o n  o f  t h e  I -V.curve  o f  i n t e r e s t  i s  n e a r  t h e  maxi- 
mum power p o i n t .  The c u r r e n t  and v o l t a g e  p o i n t s  on t h e  SOC I - V  c u r v e  
can be o b t a i n e d  from t h e  c o o r d i n a t e s  o f  a  p o i n t  on t h e  OTC I -V  c u r v e  
w i t h  t h e  f o l l o w i n g  e q u a t i o n s :  

a r e  c o o r d i n a t e s  of a  s e l e c t e d  p o i n t  on t h e  c u r v e  
VoTcy IoTc o b t a i n e d  a t  OTC 

a r e  c o o r d i n a t e s  of t h e  correspondl i lg  po.lrl~ ULI the 

V ~ O ~ y  'SO' SOC c u r v e  

T~ i s  a c t u a l  c e l l  t e m p e r a t u r e ,  u s u a l l y  NOCT, U 0 C ,  
d u r i n g  t h e  SOC curve  measurement 

'1 is acci tn l  c e l l  Luu~pe ia tu rc ,  dr i i - ing t h c  OTC curve 
measurement 

t h e  c u r r e n t  t empera tu re  c o e f f i c i e n t ,  expressed  a s  
ampsIoC 

Cv t h e  v o l t a g e  t empera tu re  c o e f f i c i e n t ,  expressed  a s  
n e g a t i v e  v ~ l t s / ~ C  



The values of CI and CV are to be determined empirically by a curve 
overlay procedure applied to I-V curve measurements of a minimum of 
10 modules with cell temperatures approximating both OTC and SOC. The 
values of CI and CV'for the 10 modules will be averaged to establish 
mean values to be used in calculating the power of production modules. 

3. Procedure 

To determine CI and CV, the following procedure shall be used: 

(1) Install the module to be test.ed in a temperature controlled 
environment. After stabilizing the module temperature at the 
cell temperature selected for OTC within '2°C obtain an I-V 
curve for OTC conditions. Record the actual temperature (T ) .  

0 

(2) Repeat step (1) for SOC with the module stabilized at NOCT 52'~. 
Record the actual temperature (T ) .  

N 

(3) On the curve obtained at SOC, mark two points, near the 
maximum power point, and approximately equi-distant from it. 
For reference, these points should be approximately at 90% 
of ISC and 60% of VOC. 

(4) Using a light box or similar equipment, superimpose the OTC 
curve on the SOC curve and translate the curve rectilinearly 
until the curves match closely at the marked points. Mark 
the overlayed curve at the same points. 

(5) Separate the curves and determine the voltage 
(VSOC - VOTC) and current (I SOC - IOTC ) shifts required 
to achieve the match. 

(6) Calculate the C and C .  from the following: I v 

C is negative. v 
( 7 )  Determine the average values of CI and CV for the 10 modules. 




