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SECTION I 

INTRODUCTION 

A. SCOPE 

T h i s  document e s t a b l i s h e s  requ i rements  f o r  performance o f  
t e r r e s t i a l  s o l a r  c e l l  modules i n t e n d e d  f o r  use  i n  v a r i o u s  t e s t  a p p l i -  
c a t i o n s  t y p i c a l l y  c h a r a c t e r i z e d  a s  I n t e r m e d i a t e  Load Cente r s .  During 
t h e  1979-80 t ime  p e r i o d ,  such a p p l i c a t i o n s  a r e  expec ted  t o  b e  i n  t h e  
20 k i l o w a t t  t o  500 k i l o w a t t  s i z e  range .  I n  g e n e r a l ,  modules s a t i s f y i n g  
t h e s e  requ i rements  w i l l  have t h e  f o l l o w i n g  d e s i g n  f e a t u r e s  and c h a r a c t e r -  
i s  t i c s :  I 

(1) 15.0  Vdc nominal o p e r a t i n g  v o l t a g e  

(2) A b i l i t y  t o  b e  s e r i e s  connected t o  o p e r a t i n g  v o l t a g e s  of 
500 Vdc 

(3)  Nominal l e n g t h  of 1 . 2  m 

(4)  Width from 0.2 m t o  1 . 2  m i n  20-rn inc rements  

( 5 )  Output power r a t e d  a t  t h e  S tandard  Opera t ing  Condi t ions  

(6) F l a t  p l a t e  c o n f i g u r a t i o n  (non-concentra t ing)  

I n  a d d i t i o n  t o  module d e s i g n  and performance requ i rements ,  a s e r i e s  
of c h a r a c t e r i z a t i o n  and q u a l i f i c a t i o n  t e s t s  n e c e s s a r y  t o  c e r t i f y  t h e  
module d e s i g n  f o r  p roduc t ion ,  and t h e  n e c e s s a r y  performance t e s t s  f o r  
a c c e p t a n c e  o f  modules a r e  a l s o  s p e c i f i e d .  

B.  APPLICABLE DOCUMENTS 

The f o l l o w i n g  documentation is  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 1 0 ,  1975 

(2) Energy Research and Development A d m i n i s t r a t i o n :  TM 73702, 
~ ~ ~ ~ / ~ ~ ~ A / 1 0 2 2 - 7 7 / 1 6  " 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 , "  June 1977, Lewis Research C e n t e r ,  C leve land ,  
Ohio, 44135 



SECTION I1 

DESIGN AND PERFORMANCE REQUIREMENTS 

S o l a r  c e l l m o d u l e s  meet ing t h e  requ i rements  o f  t h i s  d o c u m e n t w i l l  -_ 
b e  mounted o r  grouped i n t o  a n  a r r a y  s t r u c t u r e  compat ib le  w i t h  sys tem 
d e s i g n  c o n s t r a i n t s  f o r  i n t e r m e d i a t e  l o a d  c e n t e r  a p p l i c a t i o n s  rang ing  
from 20 kW t o  500 kW. Such a p p l i c a t i o n s  a r e  t y p i f i e d  by o f f i c e  b u i l d -  
i n g s ,  apar tment  complexes, w a t e r  pumping i n s t a l l a t i o n s ,  shopping c e n t e r s ,  
and s m a l l  i n d u s t r i a l  f a c i l i t i e s .  The module d e s i g n  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  des ign  c o n s i d e r a t i o n s .  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  o f  module e l e c . t r i c a 1  performance and 
p h y s i c a l  p r o p e r t i e s  inc lude :  s d l a r  exposure  ( p a r t i c u l a r l y  W); 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  f o l l o w i n g  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  be  met by t h e  modules. The u s e  o f  c o n c e n t r a t o r s  s h a l l  n o t  
b e  c o n s i d e r e d  i n  meet ing t h e s e  requ i rements .  

A.  PERFORMANCE REQUIREMEIJTS 

The f o l l o w i n g  s t a n d a r d  performance requ i rements  s h a l l b e  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 ( n o t  l e s s  t h a n  l o ) ,  a t  S tandard  Opera t ing  
Condi t ions  (SOC) and a t  Nominal Opera t ing  Vol tage  (Vno). 
S tandard  o p e r a t i n g  Condi t ions  (SOC) a r e  d e f i n e d  as an  
AM1.5 i r r a d i a n c e  l e v e l  of ,100 mw/cm2 and c e l l  t empera tu re  
e q u a l  t o  t h e  Nominal Opera t ing  C e l l  Temperature (NOCT). 
The 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  b e  d e t e r -  
mined p e r  S e c t i o n  I V Y  pa ragraph  A. 

(2)  Minimum I n d i v i d u a l  Modules 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  less t h a n  90 p e r c e n t  of t h e  predetermined Pavg. 

Nominal Opera t ing  Vol tage  - The Nominal Opera t ing  Vol tage  

('no) 
is  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 rov ide  maximum power o u t p u t  a t  Standard O p e r a t i n g '  
Condi t ions  (100 mbJ/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  be  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  of 15 v o l t s .  I n  no c a s e  s h a l l  Vno exceed 60 Vdc. 
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( 4 )  Nominal 0pera t . ing  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 empera tu re  
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  Standard 
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/cmL 

A i r  t empera tu re  = 20°C 

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

M u u l ~ L i ~ l g  = 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  Load = Open c i r c u i t  

The NOCT s h a l l  be determined by t h e  p rocedure  p rov ided  
i n  Appendix A. 

B. ELECTRICAL DESIGN REQUIREMENTS 

Th& e l e c t r i c a l  d e s i g n  o f  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 n  - A l l  module c i r c u i t r y ,  i n c l u d -  
i n g  o u t p u t  t e r m i n a t i o n s ,  s h a l l  be  i n s u l a t e d  from e l e c t r i c a l l y  
conduc t ive  e x t e r n a l  ~ u r f a c e c .  The v o l t a g e  i s o l a t i o n  dcoign 
s h a l l  p rov ide  c a p a b i l i t y  t o  w i t h s t a n d  an  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  o f  modules t o  o b t a i n  a  
sys tem v o l t a g e  of 500 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 t h e  2000 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 .  

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 p rov ided  
w i t h  a n  e x t e r n a l  grounding t e r m i n a l  o r  s t u d  s e r v i n g  a s  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  is  n o t  r e q u i r e d  f o r  modules w i t h o u 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  b e  p rov ided  
w i t h  redundant  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  compat ib le  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  a r e  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 ,  they  s h a l l  be  o f  s u f f i c i e n t  l e n g t h  
t o  p rov ide  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. 



( 4 )  C e l l  S t r i n g  C i r c u i t  R e l i a b i l i t y / R e d u n d a d y  - C i r c u i t  
.redundancy f e a t u r e s  s h a l l  b e  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  are n o t  l i m i t e d  t o  t h e  foll.owing: 

(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 a c h m e n t  p o i n t s  

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

( c )  I n t e g r a l  by-pass 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  be  
based  on t h e  expec ted  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  . cos t  a s  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 / p a r a l l e l  c i r c u i t  a r rangements ,  
whefi used,  s h a l l  be  des igned  .so 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  i s  100 mw/cm2, 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  o f  t h e  
ho t - spo t  r e g i o n  i s  e q u a l  t o  NOCT + 20°C 

C. MECHANICAL DESIGN REQUIREMENTS 

The mechanical  des ign '  of t h e  module . s h a l l  meet t h e  f b l l o w i n g  
r e q u i r e m e n t s  : 

(1) _Module Geometry - To meet t h e  a r r a y / s y s t e m  requ i rements  f o r  
mounting, each module s h a l l  meet t h e  envelope,  mechanical ,  
and i n t e r f a c e  r e q u i r e m e n t s  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  b e  p repared  by t h e  manufacturer/contractor, 
p r o v i d i n g  as 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  dimensions and t o l e r a n c e s  

(b) Loca t ion  and c o n f i g u r a t i o n ' o f  o u t p u t  t e r m i n a t i o n s ,  
a l o n g . w i t h  a p p l i c a b l e  u s e r  c o n s t r a i n t s  ( i . e . ,  f a s t e n e r  
t o r q u e )  

( c )  Mounting h o l e  o r  a t t achment  p r o v i s i o n s , '  d imens ions ,  
and t o l c r a n c c  



( d l  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-angle c o n s t r a i n t s  

( e )  E l e c t r i c a l  grounding c o n f i g u r a t i o n ,  l o c a t i o n  and u s e r  
cons  t r a i n  ts 

( f )  A dimensioned c r o s s - s e c t i o n a l  view of  t h e  encapsu la -  
t i o n  sys tem th rough  c e l l s  and i n t e r c o n n e c t s  

(g )  Nomipal e l e c t r i c a l  performance 

( h )  Maximum weight  

(1) D e t a i l  and l o c a r i o n  o f  m a n u f a c t u r e r ' s  LU l a b e l  

To a l l o w  f o r  conven ien t  h a n d l i n g  and t e s t i n g  o f  modules from 
v a r i o u s  s u p p l i e r s ,  t h e  maximum module dimensions s h a l l  n o t  
exceed 1 . 2  meters x 1 . 2  mete r s  (47.244 x 47.244 i n ) .  Module 
w i d t h  s h a l l  b e  s e l e c t e d  s u c h , t h a t  a d j a c e n t  modules, when 
mounted on 3 20 mm spaced  h o l e  p a t t e r n ,  s h a l l  p r o v i d e  a 
c l e a r a n c e  gap of 3 mm t o  6 rnm between modules. The module 
w i d t h  may be  v a r i e d  i n  20 mm inc rements  up t o  t h e  1 . 2  mete r  
(47.244 i n )  maximum. The d e t a i l  d imens iona l  r equ i rements  
a r e  shown i n  F i g u r e  2-1. 

(2 )  I n t e r c h a n g e a b i l i t y  - A l l  modules from a g iven  manufacturer  
s h a l l  be 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  module dimensions  s h a l l  b e  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 e a b 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 ta ined  
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 )  0 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  
o f  t h e  module s h a l l  be smooth, and g e n e r a l l y  f r e e  o f  
p r o j e c t i o n s  which cou ld  promote entrapment  o f  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 r t e n t i o n  s h a l l  be  given t o  s e l e c t i o n  of 
materials f o r  t h e  o p t i c a l  s u r f a c e  which w i l l  minimize t h e  
accumula t ion  o f  nonremovable con taminan ts ,  p a r t i c u l a t e  
m a t t e r  and s t 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  as wind and r a i n .  

( 4 )  Flodule L a b e l i n g  and 1 J c n t i k i c a t L o l l  - Each luudule  s l ~ a l l  b e  
i d e n t i f i e d  i n  a permanent 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 and r e v i s i o n  ( i d e n t i f y i n g  c u r r e n t  d e s i g n  con- 
f igura t i ' on) . ,  s e q u e n t i a l  s e r i a l  number, y e a r  and week of 
manuiac tu re ,  'and maximdm isys'tem 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 .  A d d i 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 o f  t h e  module. The 
i d e n t i f  i c a t i o r i  sHa4:l ' b e  ':i 'll~taZI.ed at '3a : p o s i t i o n  which i s  

, ' .  : i . " ;  . . .. . . . 
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v i s i b l e  when t h e  module i s  i n s t a l l e d  i n  t h e  a r r a y .  The 
p o l a r i t y  of 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  b e  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 REQUIREMENTS 

Environments t o  be  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  U V ) ;  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 c 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 atmos- 
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  accumula t ion ,  e s p e c i a l l y  nonremovable 
s t a i n s  o r  con tamina t ions ;  and dynamic loading ef fects  o f  w j o d ,  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  o f  w i t h 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 -40°C t o  + 90°C p e r  t h e  tes t  p rocedure  
i n  S e c t i o n  V ,  paragraph 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  p e r  t h e  t e s t  p rocedure  i n  
S e c t i o n  V ,  pa ragraph  C .  The test l o a d  l e v e l  s h a l l  b e  
+2.4 kPa (+50 pounds p e r  s q u a r e  f o o t )  . - - 

(4) , Twisted mounting s u r f a c e  of 20 mm/m (114 i n c h  p e r  f o o t )  p e r  
t h e  t e s t  p rocedure  i n  S e c t i o n  V ,  pa ragraph  D .  

(5) Hail impact t e s t i n g  p c r  t h e  t e s t  p rocedure  i n  S e c t i o n  V ,  
pa ragraph  E .  The module skia l l  be cdpaLle of w i t h s t a n d i n g  
20.0 rlllll ( 314  i l lch) dianeter hailstone J.uq~irc:L. 



SECTION I11 

CHARACTERIZATION, QUALIFICATION AND ACCEPTANCE REQUIREMENTS . . 

A. PERFORMANCE CHARACTER.IZATION TEST REQUIREMENTS 

The t e s t s  i n c l u d e d  i n  t h i s  s e c t i o n  w i l l  b e  performed t o  c h a r a c t e r -  
i z e  t h e  module e l e c t r i c a l  and the rmal  performance.  The c h a r a c t e r i z a t i o n  
t e s t i n g  w i l l  be  performed i n  t h e  sequence shown i n  t h e  f low diagram i n  
F i g u r e  3-1. 

1. Dete rmina t ion  of Nominal Opera t ing  C e l l  Temperature - For 
purposes  of p r o v i d i n g  a measurement of module performance 
t h a t  i s  r e p r e s e n t a t i v e  of t h e  a n t i c i p a t e d  t e r r e s t r i a l  
a p p l i c a t i o n ,  a l l  module performance measurements s h a l l  be  
r e f e r e n c e d '  t o  t h e  Nominal o p e r a t i n g  C e l l '  Temperature (NOCT) . 
NOCT i s  d e f i n e d  a s  t h e  a v e r a g e  c e l l  t empera tu re  i n  t h e  module 
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). The S tandard  Thermal Environment i s  char -  
a c t e r i z e d  by 100 m~/cm2 i n s o l a t i o n ,  ambient a i r  t e m p e r a t u r e  
o f  20°C, average  wind v e l o c i t y  o f  1 . 0  m / s ,  w i t h  t h e  module 
mounted i n  a n  open-back p a n e l  ( i . e . ,  n o t  i n s u l a t e d  on back 
s i d e ) ,  and e l e c t r i c a l  o u t p u t  t e r m i n a t i o n s  open-c i rcu i t ed .  
A c t u a l  c e l l  t empera tu res  s h a l l  be  t a k e n  a t  c o n d i t i o n s  approx- 
imat ing  STE i n  o r d e r  t o  o b t a i n  t h e  s o l a r  c e l l  NOCT. The 
approved t e c h n i q u e s  f o r  performing t h e  NOCT c h a r a c t e r i z a t i o n  
test are inc luded  i n  Appendix A. 

I n i t i a l  E l e c t r i c a l  Measurement - An a p p r o p r i a t e  s i z e  sample 
q u a n t i t y  o f  t h e  p r o t o t y p e  modules w i l l  be  used t o  de te rmine  
i n i t i a l  e l e c t r i c a l  performance p e r  S e c t i o n  I V ,  pa ragraph  A. 
Measurements s h a l l  be  r e f e r e n c e d  t o  t h e  NOCT determined p e r  
pa ragraph  I I I . A . 1 ,  and a t  Nominal Opera t ing  Vol tage  (Vno). 
I n  a d d i t i o n  t o  o b t a i n i n g  a n  i n i t i a l  I -V  c h a r a c t e r i s t i c  curve  
f o r  each module a t  SOC, t h e  average  o u t p u t  power (Pavg) a t  
nominal o p e r a t i n g  v o l t a g e  s h a l l  be  c a l c u l a t e d  from measure- 
ments of a l l  p r o t o t y p e  samples t e s t e d .  When t h e s e  e l e c t r i -  
c a l  measurements a r e  t o  be made a t  c o n d i t i o n s  o t h e r  than  
SOC, 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  r e q u i r e d  t o  
c o r r e c t  measurements t o  NOCT s h a l l  b e  p r e v i o u s l y  determined 
i n  accordance w i t h  Appendix B. 

B.  DESICN QUALIF,ICATION TEST REQUIREMENTS 

This  s e c t i o n  s p e c i f i e s  t h e  minimum t e s t s  t h a t  s h a l l  be  performed 
i n  o r d e r  t o  v e r i f y  t h a t  t h e  modules w i l l  s a t i s f y  t h e  d e s i g n  r e q u i r e m e n t s  
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  f rames 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 . ,  



Figure 3-1. Characterizztion a ~ d  Qualification Test Flow Plan 
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Modules s h a l l  b e  provided w i t h  s u i t a b l e  fhermocoup'le o r  c i r c u i t  moni- 
t o r i n g  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  tests 
s h a l l  b e  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  
test  sequence i s  shown i n  t h e  f l o w  c h a r t  ( F i g u r e  3-1). 

1. . Ground C o n t i n u i t y  T e s t  - Each ,module hav ing  exposed  e x t e r n a l  
conduc t ive  s u r f a c e s  ( i . e . ,  frame o r  s t r u c t u r a l  members) s h a l l  
be  t e s t e d  u s i n g  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  b e  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  dc  v o l t a g e  power 
supp ly  s h a l l  b e  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 test 
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 V/sec up t o  t h e  t e s t  v o l t a g e  o f  2000 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 minute .  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  o f  
a r c i n g  o r  f l a s h o v e r .  Leakage cur renf  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 . e x c e e d  50 microamps. 

3. ~ a s e l i n e  E l e c t r i c a l  ~ e a s u r e m e n t  . -  Subsequent t o  assembly i n  
' 

t h e  s t r u c t u r a l  test  f rame,  each 'module  s h a l l  b e  .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 w i l l  
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  o f  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 measureme.nt 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  inspection.- 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 resence  o r  
a b s e n c e - o f  any d e f e c t s  i n  t h e . m o d u l e  f o r - p u r p o s e s  of d e t e c t -  ( 

' i n g  any changes f o l l o k i n g ,  env i ronmenta l  exposure .  '~erefiieile 
s e c t i o n s  o f .  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  

, .wor.kmans,hip 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  guide  : 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  be  conducted a f t e r  each 
exposure .  The t e s t s  s h a l l  be  conducted i n  t h e  o r d e r  
i n d i c a t e d  : 

( a )  Thermal c y c l i n g  test 

(b) Humidity c y c l i n g  t e s t  

(c) Mechanical  c y c l i n g  tes t  



(d )  Twis ted mounting s u r f a c e  test  

( e )  H a i l  impact test 

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  - The o u t p u t  power degrada- 
t i o n  o f  each  t es . t ed  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  tests,  s h a l l  n o t  exceed 5 p e r c e n t  o f  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  S e c t 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  test 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  tests. 
The a l l o w a b l e  l e v e l  of o b s e r v a b l e  c r a c k s  o r  o t h e r  mechanical  
d e g r a d a t i o n  (such a s  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  
de te rmined  p e r  JPL-approved v i s u a l  i n s p e c t i o n  c r i t e r i a .  
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  
requiremenrs i s  a prerequisire far  JPL a p p r o v a l  of ehe 
module des ign .  

C. MODULE PRODUCTION ACCEPTANCE REQUIREMENTS 

Module a c c e p t a n c e  s h a l l  be  based on meet ing t h e  f o l l o w i n g  r e q u i r e -  
ment s : 

1. E l e c t r i c a l  Performance - Each module s h a l l  be measured t o  
o b t a i n  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 ) .  
The module o u t p u t  power a t  SOC and Vno s h a l l  be  determined 
i n  accordance  w i t h  S e c t i o n  I V Y  pa ragraph  A.  No module 
s h a l l  be  a c c e p t e d  f o r  d e l i v e r y  which produces  l e s s  t h a n  
YO p e r c e n t  o t  t h e  a v e r a g e  module o u t p u t  power (Pavg) under 
S tandard  Opera t ing  Condi t ions .  

2. ' Electrical I s o l a t i o n  - Rar.h m o d ~ i l e  s h a l l  w i t h s t a n d  t h e  
d c  Hi-Pot test, p e r  S ~ . r t i n n  T T T ,  paragraph  B.2, t o  assure 
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 i n g  
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  be mechani- 
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  m a n u f a c t u r e r ,  and approved by JPL, d e f i n i n g  
a c c e p t a l l c / r c j e c t a L l e  l e v e l s  ul: wurlunanship and qualiry.  



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  
la tes t  r e v i s i o n  o f  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  o f  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 be  based on measurements made a t  e i t h e r  S tandard  Opera- 
t i n g  Condi t ions  (SOC) o r  a t  O p t i o n a l  T e s t  C o n d i t i o n s  (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. 

1. 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 Vno (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 

v,lo = Module nominal o p e r a t i n g  v o l t a g e  a t  NOCT 

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

2. 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), t h e  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 i s  c a l c u l a t e d  d i r e c t l y  
from: 

'no ( IOTC + AI) 



where 

IOTC 
= Curren t  a t  VOTC from OTC I -V c u r v e  

A 1  : . = . Curren t  t empera tu re  . . c o r r e c t i o n ,  amps 

= 'I %OCT - T ~ ~ ~ )  

1 = Curren t  t empera tu re  c o e f ' f i c i e n t ,  amps/°C 

'OTC 
.= Voltage p o i n t  on ,OTC I -V  c u r v e  

= V  - A V  
110 

A V = Vol tage  t empera tu re  c o r r e c t i o n ,  v o l t s  

- 
. . - 'v ' ( T ~ o ~ ~ -   to^^)' 

Cv = Vol tage  t empera tu re  c o e f f i c i e n t ,  vo l t s / 'C  

= Predetermined-  v a l u e  of NOCT 
T~~~~~ . , 

T~~~ = S e l e c t e d  o p t i o n a l  t es t  t empera tu re  
. . 

,De te rmina t ion  o f  t h e  t e m p e r a t u r e  c o e f f i c i e n t s  s h a l l  be 
accomplished by the ,method  d e s c r i b e d  i n  Appendix B .  

. . . - . . 

: A l t e r n a t e  tempekatufe  c o t r e c t i o n  procedures ,  such as t h a t  
provided by computer c o n t r o l l e d  Large-Area Pulsed S o l a r  
S i m u l a t o r  (xenon s o u r c e )  hay' b e  used'  i f '  approved by JPL.  



SECTION V 

ENVIRONMENTAL TEST .PROCEDURES 
. . .. . 

A. THERMAL CYCLING TEST PROCEDURE . 

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  
., Figure  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 fe  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  (froin '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 . r e m o v a 1  from t h e  humid i ty  chamber, o r  w i t h i n  
a n o t h e r  mutua l ly  agreed-updn 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  be  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  direction. . 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 
Document 5101-19 "Cyc l ic  Pressure-Load De-velopmental T e s t i n g  of S o l a r  
Pane l s , "  February 1977, 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 .  

J 

. 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  mobnted. 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  be +20 mm/m (+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  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  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 .  



- 
CONTINUED FOR 

50 CYC!.ES 

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 e m p e r a t u r e  change i s  n o t  
exceeded.  Chamber may be  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 )  

F i g u r e  5-2. Humidity Cycle T e s t  ( S u i t a b l e  p r o c e d u r e s  f o r  accompl i sh ing  
t h i s  test  a r e  d e s c r i b e d  i n  MIL-STD-810C, Method 507.1,  
P rocedure  V) 



Figure  5-3. Graph ica l  R e p r e s e n t a t i o n  o f  "Twisted Mounting Surface"  
Requirement 

P o i n t s  A, B, C ,  D a r e  i n  a P l a n e  

P o i n t  A' i s  o u t  o f  P l a n e  t h e  Amount Shown 



E. HAIL IMPACT TEST PROCEDURE 

The module s h a l l  be  s u b j e c t e d .  t o  normal impact l o a d i n g  .wi th '20.0  mm 
(314 i n c h )  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  o f  20 .1  mlsec 
(45 mph). 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  o f  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  t e s t  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 imes  ( a  minimum of 9 i m p a c 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 de te rmined  
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  o f  a  sample p a n e l .  I c e b a l l s  
o f  38 mm (1-112 i n )  d iamete r  s h a l l  be  f i r e d  a t ' c a n d i 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  lowes t  
v e l o c i t i e s  shou ld  b e  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  s l ~ o u l d  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 of 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 s p a c i n g  between c e l l s  

(4 )  P o i n t s  of 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  o f  s u p p o r 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  i m p a c t s  are 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  of 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  a c c e p 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  the ice- 
ball13 a g a i n ~ f  t h e  modulec a r e  a e c c p t n b l c .  Bowcvcr, i c c b a l l  v c l o c i t y  a t  
impact  muEt be controlled t o  w i t h i n  5 5  p c r c c n t  o f  t c r m i n o l  v c 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  be g e n e r a l l y  s p h e r i c a l  i n  
shape w i t h  a maximum d e v i a t i o n  i n  d iamete r  o f  5 3  mm (5118 i n ) .  The 
i c e b a l l s  s h a l l  be coo led  t o  '-10°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-shall be  mounted i n  a  manner 
r e p r e s e n t a t i v e  o f  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  o f  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  e v i -  
dence 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.  





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  of t h e  s o l a r  
c e l l s  o f  a terrestrial s o l a r  a r r a y  module. 

By d e f i n i t i o n ,  t h e  Nominal Opera t ing  C e l l  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  
'l'hermal Environment (STEj which i s  d e i i n e d  as: 

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

A i r  t e m p e r a t u r e  = 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  - load  = open c i r c u i t  

The NOCT test procedure  i s  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  o f  env i ronmenta l  c o n d i t i o n s  similar t o  t h e  STE. 
The d a t a  are t h a n  p r e s e n t e d  i n  a  way t h a t  a l l d w s  a c c u r a t e  and r e p e a t a b l e  
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 e m p e r a t u r e  of t h e  s o l a r  c e l l  (TCel1) i s  p r i m a r i l y  a  f u n c t i o n  
o f  t h e  a i r  t e m p e r a t u r e  (Ta i r ) ,  t h e  average  wind v e l o c i t y  (V), and t h e  
t o t a l  s o l a r  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  ("l'cell-'l'air) i s  i a r g e l y  independent  o t  
a i r  t empera tu re  and i s  e s s e n t i a l l y  l i n e a r l y  p r o p o k t i o n a 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  assumption i s  q u i t e  good 
f o r  insolation l e v e l s  g r e a t e r  t h a n  abou t  40 mw/cm2. The procedure  c a l l s  
f o r  p l o t t i n g  (Tcell-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 v a l u e  is  t h e n  determined by 
add ing  Tair - 20°C t o  t h e  v a l u e . o f  (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-Tair), ( STE + 20°C. 

The p l o t  o f  (TCel1-Tair) vs  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  approximat 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 f o l l o w .  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  . .with 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  20 .75  m / s  and wi'th g u s t s  less 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  test p e r i o d  s h a l l  n o t  d i f f e r  b y  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 5 5 ° C .  Using o n l y  a c c e p t a b l e  d a t a  a s ' 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 u 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  
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 3 C 

When (TCel1-Tair) i s  p l o t t e d  as 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  less t h a n  1 .75 m / s ,  r e s u l t s  similar 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 24..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  t h a n  4  m / s  
w i t h  a n  average  of 1 m / s .  Using t h e  p l o t  o f  (TCel1-Tai,) v s  L, t h e  
v a l u e  o f  (Toll-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  o f  (Tol l -Tair )  f o r  L  = 100 mw/cm2. Using t h e  d a t a  i n  F i g u r e  A - l  
a s  a n  example, (Toll-Tair)  a t  STE i s  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  o f  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 f o r  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 V 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 Tair is  

15.6"C. From ~ 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  O°C. The NOCT i s ,  
t h e r e f o r e ,  45. lo C. 

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

a.  T i l t  Ansle .  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  the .  sun (25") a t  s o l a r  noon. 

b.  . Heigh t .  The bottom edge o f  t h s  module s h a l l  be  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 1  p l a n e  o r  ground l e v e l .  

c .  Pane l  Conf igura t ion .  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  5"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  as a n  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 t ,  
t h e  d a t a  w i l l  be  more d i f f i c u l t  ro f i t  and  a l e s s  accuxate 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  b e  suppor ted  i n  a  manner which a l l o w s  normal c o o l i n g  
o f  t h e  rear s u r f a c e .  I n  t h e  c a s e  o f  modules t h a t  a r e  n o t  s e l f - s u p p o r t i n g  
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 as s h i n g l e  modules, t h e  
test 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  sirnal1,ate 
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  be  no o b s t r u c t i o n s  t o  p r e v e n t  
f u l l  i r r a d i a n c e  o f  t h e  module b e g i n n i n g  a  minimum o 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 sur rounding  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  b e  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 variolas t y p e s  o f  groilnd 
covers,  b l a c k t o p ,  and d i r t  are recommended f o r  t h e  l o c a l  su r rounding  
a r e a .  B u i l d i n g s  having a  l a r g e  s n l a r  r e f l e c t i v e  f i n i o h  o h a l l  n o t  b e  
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 s h a l l  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  rer.eivi.ng a minimum of r e f l c c t c d  
s o l a r  energy  from t h 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 w e s t ;  f low p a r a l l e l  t o  t h e  p l a n e  of t h e  a r r a y  i s  n o t  accep 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  
z e r o  e l e c t r i c a l  power o u t p u t .  



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 ( 1  f t )  of t h e  a r r a y .    he pyranometer used 
s h a l l  have a t r a c e a b l e  annual .  c a l i b r a t i o n  t o  a recognized  s t a n d a r d  

' i n s t r u m e n t  .and s h a l l  b e  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 - 2 0 " ~  
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 has  
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  be  measured a t  t h e  approximate  h e i g h t  o f  t h e  module and a s  n e a r  
t o  t h e  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  be  measured 
a t  t h e  approximate  h e i g h t  of t h e  module. The measurement s h a l l  b e  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 average  
l o c a l  a i r  t empera tu re  i s  d e s i r e d .  Th is  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  thermal  mass o f  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  o f  approx imate ly  6  rnrn (1/4  i n )  diameter- .  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 ven ted .  

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  be  s o f t - s o l d e r e d  d i r e c t l y  t o  t h e  back of 
t h e  c e l l s ,  

e .  S u b s t r a t e  S u r f a c e  Temperature.   he e x t e r i o r  t empera tu re  o'f 
' t h e  r e a r  of t h e  s o l a r  module s h a l l  b e  measured t o  +l°C benea th  a  r e p 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  benea th  a  r e p r e s e n t a t i v e  space  between 
c e l l s .  Thermocouples s h a l l  be 26 gauge, and s h a l l  be  bonded down w i t h  
a luminized epoxy a d h e s i v e  o r  t h e  e q u i v a l e n t .  

6 .  Data Recording 

A11 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  
tempera tu re  s h a l l  be  c o n t i n u o u s l y  recorded .  

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  pyranomete r 'bu lb  
s h a l l  b e  c l e a n e d  b e f o r e  t h e  s t a r t  o'f e a c h  t e s t .  D i r t  s h a l l  n o t  be 
a l lowed  t o  b u i l d  up. Cleaning w i t h  a mi ld  soap s o l u t i o n  fol 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  h a s  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 calibration 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 .  






