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PREFACE 

This  s p e c i f i c a t i o n  was p r e p a r e d  by t h e  Engineer ing  Area of 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  of 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  shou ld  b e  d i r e c t e d  t o  
D r .  R. G. Ross, J r . ,  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  e s t a b l i s h e s  minimum d e s i g n ,  q u a l i f i c a t i o n  and 
acc 'eptance  r e q u i r e m e n t s  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  a r r a y  a p p l i c a t i o n s  i n  t h e  20kW t o  500kW 
r a n g e ,  such  a s  d e f i n e d  by Department of Energy PRDA EM-D-04-0038. Both 
mandatory and recommended requ i rement  l e v e l s  f o r  s e l e c t e d  pe r fo rmance  
c r i t e r i a  have  been s p e c i f i e d  f o r  modules w i t h i n  t h e s e  a r r a y s .  A s  
a p p l i c a b l e ,  t h e  m a n u f a c t u r e r / c o n t r a c t o r  s h a l l  b e  r e s p o n s i b l e  f o r  
g e n e r a t i o n  and s e l e c t i o n  o f  a p p r o p r i a t e  d e s i g n  o r  t e s t  l e v e l s  w i t h i n  
t h e  scope  of  t h e s e  c r i t e r i a .  S p e c i f i c a t i o n  of  any a d d i t i o n a l  r e q u i r e -  
ments a s  n e c e s s a r y  t o  s a t i s f y  t h e  p a r t i c u l a r  a r r a y  o r  s>stem a p p l i c a t i o n  
s h a l l  b e  t h e  r e s p o n s i b i l i t y  of t h e  manufacturer/contractor. Environmental  
r e q u i r e m e n t s  imposed by t h i s  s p e c i f i c a t i o n  a r e  c o n s i d e r e d  t o  b e  t h e  
minimum l e v e l  a c c e p t a b l e  t o  DOE. 

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 1 0 ,  1975.  

(2 )  Energy Research and Development A d m i n i s t r a t i o n :  
0 

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 )  J e t  P r o p u l s i o n  Labora to ry  : LSSA P r o j e c t  Document 5101-21, 
Rev i s ion  A,  " R e j e c t i o n  C r i t e r i a  f o r  LSSA Modules", d a t e d  
August 22,  1977. 



SECTION 11 

DESIGN CRITERIA 

S o l a r  c e l l  modules mee t ing  t h e  r e q u i r e m e n t s  of t h i s  document w i l l  
be  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  p h o t o v o l t a i c  a p p l i c a t i o n s  r a n g i n g  from 20 kW t o  
500 kW; 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 1  d e s i g n  
c r i t e r i a ;  . 

A. PERFORMANCE MEASUREMENT CRITERIA 

The. foll .owing s tandard  performance measurement c r i t e r i a  s h a l l  b e  
u t i l i z e d :  

(1 )  Power Output - The power o u t p u t  of  i n d i v i d u a l  modules s h a l l  
' b e  de te rmined  pe r 'pa ragr -aph  1 V . A  a s  t h e  p r o d u c t  o f  t h e  

module Nominal O p e r a t i n g  Vol tage  (VNO) and t h e  module c u r r e n t  
measured a t  VNO under  S tandard  O p e r a t i n g  C o n d i t i o n s  (SOC), 
d e f i n e d  a s  ari i r r a d i a n c e  ' l e v e l  'of 100 mw/cm2 and c e l l  tem- 
p e r a t u r e  e q u a l  t o  t h e  Nominal O p e r a t i n g  C e l l  Temperature  
(NOCT) . 

. . 

( 2 )  .Nominal O p e r a t i n g  Vol tage  - The nominal  o p e r a t i n g  v o l t a g e  
(VNO) i s . s the  r e f e r e n c e  v o l t a g e  l e v e l  a t  which t h e  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 t a n d a r d  
o p e r a t i n g  c o n d i t i o n s  (100 mw/cm2, NOCT) . The VNO l e v e l  s h a l l  
b e  s e l e c t e d  by t h e ' m o d u l e  manufac tu re r / sys tem d e s i g n e r  a s  a  . 

conven ien t  f r a c t i o n  of  t h e  sys tem working v o l t a g e .  For  
purposes  of  s t a n d a r d i z a t i o n ,  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 s  s u g g e s t e d .  

( 3 )  Nominal Opera t ing  C e l l  Temperature - The Nominal Opera t ing  
C e l l  Temperature i s  t h e  module c e l l  t e m p e r a t u r e  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  Nominal Thermal Environment 

. (N'l'E) which is  d e f i n e d  a s :  

T n s o l a t i o n  = 80 mW/cm 
2  

A i r  Temperature = 20°c . 

Wind Average V e l o c i t y  = 1 m / s  

Mounting = T i l t e l l ;  Open Back, Open C i r c u i t  

The NOCT.measurement p rocedure  i s  d e s c r i b e d  i n  P a r a g r a p h  1 V . B .  



B. ELECTRICAL DESIGN REQUIREMENTS 

The 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  
r e q u i r e m e n t s  : 

(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  b e  i n s u l a t e d  from e x t e r n a l  
s u r f a c e s .  The m a n u f a c t u r e r / c o n t r a c t o r  s h a l l  e s t a b l i s h  t h e  
v o l t a g e  i s o l a t i o n  requ i rement  on t h e  b a s i s  of  t h e  maximum 
open c i r c u i t  v o l t a g e  of t h e  complete  sys tem a t  a n  ambient  
t e m p e r a t u r e  o f  -20°C, w i t h  100 mw/cm2 i r r a d i a n c e .  The d e s i g n  
l e v e l  s h a l l  b e  s e t  a t  t w i c e  t h i s  sys tem v o l t a g e  p l u s  1000 V 

DC'  

(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  h a z a r d  t o  p e r s o n n e l ,  a l l  modules s h a l l  b e  p r o v i d e d  
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  stud s e r v i n g  aE a 
common ground ing  p o i n t  f o r  a l l  exposed e x t e r n a l  c n n d v c t i v e  
s ~ i r f a c e s  no t  p a r t  of  t h e  module c i r c u i t r y .  A grounding 
s t u d  i s  n o t  r e q u i r e d  f o r , m o d u l e s  des igned  f o r  sys tems  with 
o p e r a t i n g  v u l t a g e  l e v e l s  l e s s  t h a n  50 v o l t s  o r  f o r  modules 
w i t h o u t  exposed c o n d u c t i v e  s u r f a c e s ,  u n l e s s  removal o f  
c o v e r s  o r  mounting hardware  w i l l  expose  s u c h  s u r f a c e s .  

( 3 )  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 n c y  - C i r c u i t  redun- 
dancy 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  o f  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  1imit .ed 
t o  t h e  f o l l o w i n g :  

(a) R c d ~ m d n n ~  l i n t c r c o n ~ ~ e c L i u n  L J C ~ W L ! L ! I I  so l a r  c e l l s ,  
i n c l u d i n g  redundan t  c e l l  a t t a c h m e n t  p o i n t s .  

( b j  ! i 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  o f  c e l l s  w i t h i n  t h e  
module. 

( c )  I a r e g ~ > 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 n  i . ncorpora te  redundancy fcc l tu rcs  s h a l l  b e  
b a s e d  on t h e  e x p e c t e d  p e r c e n t  improvement i n  l i f e t i m e I y i e l d  
and rep lacement  c o s 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 rangcmcntg,  
when used ,  s h a l l  b e  d e s i g n e d  s o  t h a t  "ho t - spo tM 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  11nrler 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 r ~ g l e  c e l l  f a i l u r e .  

2 
( c )  The i n c i d e n t  i r r a d i a n c e  is  100 mW/cm , 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 e m p e r a t u r e  o u t s i d e  of  t h e  h o t - s p o 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 design of the module shall meet the following 
requirements: 

\ 

(1) Module Geometry- - To meet the arraylsystem requirements for 
mounting, each module shall meet the envelope, mechanical and - .  
interface requirements specified by an Interface Control 
Drawing to be prepared by the manufacturer/contractor, pro- 
viding as a minimum the following information: 

(a) Maximum envelope dimensions and tolerances; 

(b) Location of output terminations; 

(c) Mounting hole or attachment provisions, dimensions and 
tolerance; 

(d) Illuminated (active) surface dimensions and shadowing 
or view angle constraints for low-level concentrators; 

(e) Nominal electrical performance; 

To allow for convenient handling and testing of modules from 
various suppliers, the maximum module dimensions shall not 
exceed 48 inches by 96 inches. 'Suggested standard dimensions 
and hole locations are provided in Figure 2-1. In this figure 
the module width may be any dimension up to the 96-inch 
maximum. 

(2) Interchangeability - All modules from a given manufacturer 
shall be physically and functionally interchangeable. Toler- 
ances on all external module dimensions shall be maintained 
at a level consistent with module interchangeability. Sur- 
faces, mounting holes and any attachment hardware associated 
with the attachment interfaces shall be maintained within 
tolerance specified in the 1nterface.Control Drawing. 

( 3 )  Optical Surface Soiling - The illuminated optical surface(s) 
of the module shall be smooth, and generally free of projec- 
tions which could promote entrapment of dust and other 
debris. Particular attention shall be given to selection of 
materials for the optical surface(s) which will minimize , 

the accumulation of nonremovable contaminants, particulate 
matter and stains, and will promote self-cleaning by natural 
processes such as wind and rain. 
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F i g u r e  2-1. Sc3gested Fodule  Standard Dimensions ( a l l  dimensions i n  i n c h e s )  



(4) Module Labe l ing  and ~ d e n t i f i c a k i o n  - Each module s h a l l  be  
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  manufac tu re r  ' s module 
model number-(or 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 manufac tu re ,  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 i d e n t i f i c a t i o n  s h a l l  be  
i n s t a l l e d  a t  a  p o s i t i o n  which is  v i s i b l e  from t h e  f r o n t  
( i l l u m i n a t e d )  s i d e  of each  module, when 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  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 REQUIREMENTS 

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  of 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 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  b e  c a p a b l e  of 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  env i ronmenta l  t e s t  environments  : 

0 0 
(1)  Thermal c y c l i n g  from -40 C t o  + 90 C p e r  T e s t  P rocedure  V.A. 

( 2 )  Humidity p e r  T e s t  P rocedure  V.B .  

( 3 )  Mechanical  c y c l i c  l o a d i n g  p e r  p rocedure  V . C .  The test  load  
l e v e l  s h a l l  be  determined by t h e  m a n u f a c t u r e r / c o n t r a c t o r  on 
t h e  b a s i s  of t h e  a n t i c i p a t e d  a p p l i c a t i o n  s i t e  maximum wind 
g u s t  v e l o c i t y .  A t e s t  l e v e l  of - +50 pounds p e r  s q u a r e  f o o t  
i s  common p r a c t i c e .  

( 4 )  Twisted mounting s u r f a c e  of 1 / 4  i n c h  p e r  f o o t  p e r  T e s t  Proce- 
dure  V . D .  

(5)  H a i l  impact  t e s t i n g  p e r  T e s t  P rocedure  V . E .  The maximum s i z e  
h a i l s t o n e s  which t h e  module s h a l l  w i t h s t a n d  s h a l l  b e  det 'er-  
mined by t h e  m a n u f a c t u r e r / c o n t r a c t o r  on t h e  b a s i s  of an 
assessment  of t h e  h a i l  r i s k  a t  t h e  i n t e n d e d  a p p l i c a t i o n  s i t e .  

The m a n u f a c t u r e r / c o n t r a c t o r  s h a l l  e s t a b l i s h  a d d i t i o n a l  env i ronmenta l  
r equ i rements  d i c t a t e d  by s p e c i a l  env i ronmenta l  c o n d i t i o n s  a t  t h e  i n t e n d e d  
a p p l i c a t i o n  s i t e .  



SECTION I11 

QUALIFICATION AND ACCEPTANCE REQUIREMENTS 

A. .PERFORMANCE CHARACTERIZATION 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 performance and t o  p r o v i d e  a h i g h  l e v e l  of c o n f i d e n c e  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 r e q u i r e -  
ments .  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  b e  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 )  D e t e r m i n a t i o n  of Nominal O p e r a t i n g  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 a r e  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 e m p e r a t u r e  i n  t h e  module 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  Nominal Thermal Environment 
(NTE). The Nominal Thermal Environment i s  c h a r a c t e r i z e d  
by 80 mw/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  of 20°C, 
a v e r a g e  wind v e l o c i t y  of 1 . 0  m / s ,  w i t h  t h e  module mounted i n  
an  open back  c o n d i t i o n  ( 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  o p e n - c i r c u i t e d .  A c t u a l  c e l l  
t e m p e r a t u r e s  s h a l l  b e  t a k e n  a t  c o n d i t i o n s  approx imat ing  NTE 
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  NOCT s h a l l  b e  
used f o r  a l l  measurements of  module performance a t  S t a n d a r d  
O p e r a t i n g  C o n d i t i o n s  (SOC). The approved t e c h n i q u e s  f o r  
pe r fo rming  t h e  NOCT c h a r a c t e r i z a t i o n  t e s t  a r e  i n c l u d e d  i n  
S e c t i o n  1V.B.. 

( 2 )  I n i t i a l  E l e c t r i c a l  Measurement 

A minimum o f  f i v e  (5) p r o t o t y p e  modules w i l l  b e  used t o  
d e t e r m i n e  b a s e l i n e  e l e c t r i c a l  performance.  

Measurements w i l l  b e  conducted a t  t h e  NOCT de te rmined  p e r  
pa ragraph  1 I I . A . l ' a n d ' a t  t h e  nominal  o p e r a t i n g  v o l t a g e  (VNO) 
s p e c i f i e d  by t h e  m a n u f a c t u r e r / c o n t r a c t o r  f o r  t h e  i n t e n d e d  
a p p l i c a t i o n .  I n  a d d i t i o n  t o  o b t a i n i n g  a  b a s e l i n e  I - V  
c h a r a c t e r i s t i c  c u r v e  f o r  each  module, t h e  a v e r a g e  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  b e  c a l c u l a t e d  
from measurements o f  a l l  p r o t o t y p e  samples .  Any sample  pro- 
duc ing  l e s s  than  90% o f  t h i s  a v e r a g e  power s h a l l  b e  r e p l a c e d  
by an acceptah1.e mod~.ll.e p r i o r  t o  s u b j e c t i n g  t h e s e  modules t o  
t h e  d e s i g n  q u a l i f i c a t i o n  t e s t s  (111. B)  . The o u t p u t  power 
de te rmined  f o r  each module s h a l l  b e  t h e  c a l c u l a t i o n  b a s e  f o r  
d e t e r m i n i n g  e x t e n t  o f  performance d e g r a d a t i o n  d u r i n g  env i ron-  
m e n t a l  q u a l i f i c a t i o n  t e s t i n g .  
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B. DESIGN QUALIFICATION 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 
by t h e  cont rac tor /manufac turer  i n  o rde 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  des ign  requirements  of t h i s  s p e c i f i c a t i o n .  DOE may, a t  i t s  
op t ion ,  i n  a d d i t i o n  t o  the c h a r a c t e r i z a t i o n  t e s t s  descr ibed  i n  I I I . A ,  
perform any o r  a l l  of t he se  t e s t s  on submi t ted  pro to type  modules p r i o r  
t o  approva l  of t h e  module des ign  f o r  product ion.  Modules s h a l l u b e  
mounted on r i g i d  s t r u c t u r a l  frame s imu la t i ng  the  s e l e c t e d  mounting 
i n t e r f a c e  and con f igu ra t i on  f o r  a l l  des ign  q u a l i f i c a t i o n  t e s t i n g .  
A s  a  minimum, the  fo l lowing  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 he  o r d e r  l i s t e d .  For c l a r i f i c a t i o n ,  t h e  t e s t  sequence is  shown i n  t h e  
f low,  c h a r t  (F igure  3-1) . 

(1) Ground Cont inu i ty  Tes t  

Each.module having exposed e x t e r n a l  conduct 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 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 shal l .  be  50 mill iohms. 

( 2 )  E l e c t r i c a l  I s o l a t i o n  Tes t  

Each module s h a l l  be  sub jec t ed  t o  a  DC v o l t a g e  w i th s t and ing  ( ~ i - P o t )  
t e s t  t o  a s s u r e  t h e  c a p a b i l i t y  of t h e  encapsu la t i on  system t o  
provide adequate  e l e c t r i c a l  i s o l a t i o n  of i n t e r n a l  c i r c u i t r y .  
The t e s t  l e v e l  s h a l l  equa l  t h e  des ign  l e v e l  e s t a b l i s h e d  by t h e  
manufac turer .per  paragraph 1 I . B . i .  Leakage c u r r e n t  during t h e  
test s h a l l  n o t  exceed 50 micro amps and t h e r e . , s h a l l  be no 
evidence of a r c s , . o r  f l a shove r  i n d i c a t i n g  i n s u l a t i o n  f a i l u r e .  
Modules. f o r  which t h e  'maximum system v o l t a g e  does n o t  exceed 
50 VDC a r e  exempt from t h i s  requirement .  

( 3 )  . Environmental Tes t i ng  

Each module s h a l l  be sub jec t ed  t o  t h e  fo l lowing  environmental 
exposures ,  p l u s  any a d d i t i o n a l  s p e c i a l  environmental  tests which 
t h e  manufac turer /cont rac tor  may r e q u i r e  f o r  t h e  in tended  
appl ica t ion ' .  .These 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)  , Ground Cont inu i ty  Tes t .  

(b) ~ l e c t r i c a l '  I s o l a t i o n  Tes t s  pe r  Procedure, V.F. 

(c )  Thermal Cyclfng Tes t  per  Procedure 'v .  A.  

(d) Humidity Cycling Tes t  p e r  Procedure V.B.  

(e)  Mechanical Cycling Tes t  pe r  Procedure V.C .  

( f )  Tbis ted  Mounting Surface Tes t  p e r  Procedure V.D. 



( g )  Ha.il Impact T e s t  p e r  P rocedure  V.E. 

(h )  E l e c t r i c a l  I s o l a t i o n  T e s t s  p e r  P r o c e d u r e  V.F. 

( i )  F i n a l  E l e c t r i c a l  Performance T e s t  p e r  S e c t i o n  1 V . A .  

( 4 )  Q u a l i f i c a t i o n  P a s s I F a i l  C r i t e r i a  

The o u t p u t  power d e g r a d a t i o n  of  e a c h  t e s t e d  module d e t e r -  
mined 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% of  t h e  i n i t i a l  e l e c t r i c a l  performance d e t e r -  
mined p e r  s e c t i o n  I I I . A . 2 .  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  (P rocedure  V.F . )  when r e t e s t e d  
a t . c o m p l e t i o n  o f  q u a l i f i c a t i o n  t e s t s .  '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  crar.k.s o r  o t h e r  mechan ica l  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  o f  c o a t i n g s )  s h a l l  b e  determined 
by t h e  manufacturer/contrac~or. 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 rc -  
r e q u i s i t e .  f o r  DOE a p p r o v a l  o f  t h e  module d e s i g n .  

C.  MODULE ACCEPTANCE REQUIREMENTS 

The c o n t r a c t o r  s h a l l  p r e p a r e  a "Produc t ion  Module Acceptance  
T e s t i n g  Plan".  T h i s  document i s  s u b j e c t  t o  r ev iew and a p p r o v a l  by t h e  
UOb c o n t r a c t  m o n i t o r i n g  o r g a n i z a t i o n .  T h i s  document s h a l l  i n d i c a t e  how 
t h e  m a n u f a c t u r e r 1  c o n t r a c t o r  i n t e n d s  t o  s c r e e n  p r o d u c t i o n  modules f o r  
v e r i f y i n g  p r o d u c t i o n  workmanship and f o r  c h a r a c L e r i z i n g  heginning s f  l i f e  
c o n d i t i o n s .  The t e s t i n g  p l a n  shal.1 i n c  I I I ~ P ,  b u t  n o t  be  l i m i t e d  t o  
sampl ing approach  and r a t i o n a l e ,  and t h e  f o l l o w i n g  minimum t c g t  r c q u i r e -  
ments :  e l e c t r i c a l  pe r fo rmance ,  e l e c t r i c a l  i s o l a t i o n ,  and mechanira l  and 
v i s u a l  i n s p e c  t i o n .  

(1) E l e c t r i c a l  'performance 

Each module s h a l l  b e  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 c  c h a r a c t e r i s t i c s  (I-V c u r v e ) .  M e a s u r e ~ ~ ~ e ~ l t s  s h a l l  b e  
made i n  accordance  w i t h  pa ragraph  1 V . A .  No module s h a l l  b e  
a c c e p t e d  f o r  d e l i v e r y  which p roduces  l e s s  t h a n  90% of t h e  
Nominal Average Power under S tandard  Operat i ,ng  Condi t ions .  
  he Nominal Averas& Power i s  d e f i n e d  a s  t h e  average  power a t  
SOC and Nominal O p e r a t i n g  V o l t a g e  (VNO) of 25 randomly s e l e c t e d  
modules of t h e  f i r s t  200 modules produced.  

(2)  E l e c t r i c a l  1so l . a t ion  

Each module s h a l l  b e  s u b j e c t e d  t o  a  DC Hi-Pot t e s t  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 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  b e  mechan ica l ly  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  t o  b e  e s t a b l i s h e d  by t h e  m a n u f a c t u r e r ,  f o r  
a c c e p t a b l e l r e j  e c t a b l e  d e f e c t s  i n  workmanship and q u a l i t y .  
One s o u r c e  of such  c r i t e r i a  i s  JPL LSSA Document 5101-21, 
Rev i s ion  A ,  d a t e d  August 22,  1977,  e n t i t l e d  " R e j e c t i o n  
C r i t e r i a  f o r  JPL LSSA Modules". 



SECTION IV 

PERFORMANCE MEASUREMENT PROCEDURES 

A. ELECTRICAL PERFORMANCE 

Electrical performance measurements shall be referenced to 
Standard Operating Conditions (SOC) defined as 100 mw/cm2 AM1.5 
irradiance, Nominal Operating Cell Temperature. All procedures, equip- 
ment and standards related to measurements shall conform to the latest 
revision of date of the contract of NASA TM 73702, Terrestrial Photo- 
voltaic I4easurement Procedures, dated June 1977. Manufacturer's con- 
formance to this procedure is subject to acceptance by DOE. The refer- 
ence cell, which shall be supplied by DOE, shall be the only irradiance 
reference used. Secondary standards or transfer modules shall not be 
used. 

To provide for efficient module testing, module performance may be 
based on module output at either SOC conditions or at Optional Test Con- 
ditions (OTC) defined as 100 mw/cm2 irradiance, and a cell temperature 
other than NOCT. When measurements are made at OTC the power output (P) 
at NOCT cell temperature shall be determined as follows: 

= 'NO (IOTC + AI) 

where 

V = Module nominal operating voltage at NOCT 
NO 

IOTC = Modu1.e c.lirrent measured at OTC and at 
a voltage equal to (VNO + AV) volts. 

A1 = Current temperature correction 

= I@ (NOCT, V') - I @ (OTC, V = V' + AV) 

AV = Voltage temperature correcLiu11 

= V @ (OTC, I = I' - AI) - V @ (NOCT, 1') 

V' = Voltage = 0.6 Voc @ NOCT 

I' = Current " 0.9 Isc @ NOCT 

V' = Open circuit voltage 
0 C 

Isc = Short circuit current 

Determination of the temperature correction factors, A1 and AV, in - 
the above equation shall be based on actual measurements of a minimum of 
five prototype modules at both Optional Test Conditions and NOCT + 2' cell - 



temperature. The current-voltage (I-V) characteristics of each module 
shall be measured at both conditions. The corresponding I-V curves for 
the two temperatures may then be overlayed to determine the correction 
factors. A simultaneous translation of the curves along both current 
and voltage axes may be made until an accurate match of the curves is 
accomplished at two points near the maximum power point. The OTC curve 
should match the NOCT curve at a point where the NOCT current is approx- 
imately 90% of Is (I1), and at a second point where the NOCT voltage 
is approximately go% of V V . The current and voltage shift 

OC required to produce the curve match shall be determined for the 
exact cell temperature difference between tests. The change per degree 
C for each factor is then calculated and multiplied Ly the difference 
between NOCT and the temperature used for OTC. The resulting A1 and AV 
shall be averaged for the modules tested to establish temperature cor- 
rection factors to be used when testing modules at other than SOC. 
Alternate temperat.ilrP correction procedures s u c l l  as chat provided by 
computer controlled T,;lrgti-Area Pulsed Solar Simulator (Xenon source) 'may 
be used if approvcd by DOE. 

B. NOMINAL OPERATING CELL TEMPERATURE 

1. Purpose 

The purpose of this test is to acquire sufficient data to allow an 
accurate determination of the nominal operating temperatures of the 
solar cells of a terrestrial solar array module. 

By definition, the Nominal Operating Cell Temperature (NOCT) is 
the module cell temperature under operating conditions in the Nominal 
Thermal Environment (NTE) which is defined as: 

Air Temperature = 2 W C  

Wind Average Velocity = 1 m'/s 

Mounlling = Tilted, Open Back, Open C i r c u i t  

The NOCT test p r o c e d u r e  is bascd nn gatheriug actual measured cell tem- 
perature data via thermocouples attached directly to the cells of inter- 
est, for a range of environmental conditionc oimilar to tllr NTE. The 
data are then presented in a way that allnws a r c u r a t e  and rcpr.ntah1~ 
iaLerpulation of the NOCT temperature. 

2. Determination of NOCT 

The temperature of the,solar cell (Tcell) is primariLy a function 
of the air temperature (Tair), the average wind velocity (V), and the 
total solar insolation (L) impinging on the active side of the solar 
array module. The approach for determining NOCT is based on the fact 
that the temperature difference (TCel1-Tair) is largely independent of 



a i r  t e m p e r a t u r e  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 r 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  as umption i s  q u i t e  good 5 f o r  i n s o l a t i o n  l e v e l s  g r e a t e r  t h a n  about  40 mW/cm . 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  i s  t h e n  determined by 
add ing  Tair  = 20°C t o  t h e  v a l u e  of (Toll-Tair) i n t e r p o l a t e d  f o r  t h e  NTE 
i n s o l a t i o n  l e v e l  of 80 mw/cm2, i . e . ,  NOCT = (T -T ) INTE + 20°C. 

c e l l  a i r  
The p l o t  of (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 be ing  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  NTE 
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  of a c q u i r i n g  a  semicon t inous  r e c o r d  of (TCel1-Tair) o v e r  a  
one- o r  two-day p e r i p d ,  t o g e t h e r  w i t h  o t h e r  measurements a s  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  o f  measurements made when t h e  a v e r a g e  
wind v e l o c i t y  i s  1 m / s  + 0 .75  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  of 5  minu tes  prior t o  and up t o  t h e  t ime  of measurement. Local  
a i r  t e m p e r a t u r e  d u r i n g  t h e  t e s t  p e r i o d  s h a l l  be  20°C + 1 5 ' ~ .  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  be  c o n s t r u c t e d  from a  
s e t  of measurements made e i t h e r  p r i o r  t o  s o l a r  noon o r  a f t e r  s o l a r  noon 
.which d e f i n e s  t h e  r e l a t i o n s h i p  between (Toll-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 m~/cm2.  ;t 

When (TCel1-Tair) i s  p l o t t e d  a s  a  f u n c t i o n  of L  f o r  a v e r a g e  wind 
v e l o c i t i e s  l e s s  t h a n  1 . 7 5  m / s ,  r e s u l t s  s i m i l a r  t o  t h o s e  shown i n  F i g u r e  
4-1 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 e m p e r a t u r e  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  t h a n  4  m / s  
w i t h  a n a v e r a g e  of 1 m / s .  Using t h e  p l o t  of (TCel1-Tair) v s  L, t h e  v a l u e  
of (TCel1-Tair) a t  NTE i s  determined by i n t e r 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 = 80 mw/cm2. Using t h e  d a t a  i n  F i g u r e  4-1 a s  an  
example, ( T o l l - T a i r ) ' a t  NTE i s  determined t o  be 20.2"C. The p re l im-  
i n a r y  v a l u e  of NOCT i s  t h u s  20.2"C + 20°C = 40.2"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  tem- 
p e r a t u r e  and wind v e l o c i t y  i s  determined from F i g u r e  4-2 .  ' l 'his 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 e m p e r a t u r e  and wind v e l o c i t y  f o r  t h e  t e s t  
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  4-1, V i s  1 m / s  and Tair i s  

15.6"C. From Figure  4-2, 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  40.2"C. 

*The two s e t s  of measurements can b e  combined i n t o  a  s i n g l e  s e t  pro- 
v ided  t h e  average  a i r  t e m p e r a t u r e  of t h e  two s e t s  does  n o t  d i f f e r  by 
more t h a n  approx imate ly  5OC. I f  t h e  average  a i r  t e m p e r a t u r e  i s  s i g n i f i -  
c a n t l y  d i f f e r e n t ,  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  a n  increas .e  i n  t h e  
s c a t t e r  of 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 -  
culL Lu L i L  aad a less a c c u r a t e  r c c u l t  i~ p o 6 6 i b l ~ .  



F i g u r e  4-1 ~ ~ ~ i c a l  C e l l  Temperature  Data 

4 .  Tes t  Geometry 

a .  T i l t  Angle.  The p l a n e  n 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  slln (+5') - a t  so l a r  noon. 

b .  .Height.  The bottom edge of t h e  module s h a l l  be 2  f e e t  o r  
more above t h e  l o c a l  h o r i z o n t a l  'p lane o r  g r o ~ ~ n d  l e v e l .  

G. F a n c l  C u n l i g u r a t l u n .  'l'he 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 .  Black aluminum p a n e l s  
o r  o t h e r  modules of t h e  same d e s i g n  s h a l l  b e  used t o  f i l l  i n  any 
remaining open a r e a  of t h e  p a n e l  s t r l l r . r ~ ~ r r .  The back uE thc p a n e l  sllall 
be exposed.  

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  of  t h e  module b e g i n n i n g  a minimum of  4  h o u r s  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  test  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 ,  a n d . d i r t  a r e  recommended f o r  t h e  l o c a l  



AVERAGE AIR TEMPERATURE (Ti,) 

Figure 4-2 NOCT Correction Factor 



sur rounding  a r e a .  B u i l d i n g s  having 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  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  b e  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, b o t h  f r o n t  and 
back s i d e s ,  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 from t h e  
s u r r o u n d i n g  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  is  n o t  accep t -  
a b l e  and can r e s u l t  i n  a  l o w e r - t h a n - t y p i c a 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. Data s h a l l  be  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  be  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 o o 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  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  t h a n  + 1% 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 e m p e r a t u r e  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 Mea~urcmcnt  . Eoth t h e  wind d i r e c t i o i ~  a d  w i ~ l c l  speed 
s h a l l  b e  measured a t  t h e  approximate  h e i g h t  of 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 e m p e r a t u r e  s h a l l  b e  meas-.  
u r e d  a t  t h e  approximate  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  + 1°C. (Note: 
An average  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 .  Th is  i s  o b t a i n e d  
s a 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  t h e r m a l  mass of t h e  thermocouple by 
imbedding t h e  thermocouple i n  a  s o l d e r  s p h e r e  o r  approx imate ly  1/4- inch 
d i a m e t e r . )  The measl l rP.mr?.nt  must be  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 tempera tu re  o f  a t  l e a s t  two represen-  
rarfve 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 U C .  Thermocouples 
s h a l l  b e  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.  The e x t e r i o r  t e m p e r a t u r e  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  + 1°C benea th  a  rep-  
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  s p a c e  
between c e l l s .  Thermocouples s h a l l  b e  26 gauge,  and s h a l l  b e  bonded 
down w i t h  57-C epoxy o r  t h e  e q u i v a l e n t .  



6 .  Data Recording 

A l l  d a t a  s h a l l  be  p r i n t e d  o u t  app,roximately e v e r y  2 minu tes .  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- 
t u r e  s h a l l  b e  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  o f  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  each  test .  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  'with d i s t i l l e d  w a t e r  h a s  proven t o  b e  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 o f  a l l .  t h e  equipment p r i o r  t o  
t h e  s tar t  o f  t h e  test. 

L 



SECTION V 

.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 r o c e d u r e  p e r  
F i g u r e  5-1, c o n s i s t i n g  of 50 c y c l e s  w i t h  t h e  c e l l  t e m p e r a t u r e  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  exceeding 1 0 0 ~ ~  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  ins t rumented  and moni tored 
th roughout  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  b e  t e s t e d  i n  t h e  open c i r c u i t  c o n 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  Paragraph  I V . A ,  s h a l l  be  performed w i t h i n  one 
hour  a f t e r  removal 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-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  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 h 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 c y c l e s / m i n u t e .  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 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 Developmental  T e s t i n g  of S o l a r  
Panels ,"  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 
of t h i s  t e s t .  

The module s h a l l  b e  s u b j e c t e d  t o  a  t w i s t  test by d e f l e c t i o n  o f  t h e  
s i i h s t r a t . ~ .  to which i t  is 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  test s h a l l  b e  + % i n c h  p e r  f o o t  measured a l o n g  e i t h e r  mount- 
i n g  surface as shown i n  ~ i ~ u r t 2  5-3. The module c i r c u i t r y  s h a l l  b e  i n s t r u -  
mented 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 . o c c u r  d u r i n g  
t h e  d e f l e c t i o n  test .  

E. HAIL IMPACT, TEST PROCEDURE 

The m o d u l e . s h a l 1  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  t h e  
r ' equ i red  d iamete r  i c e b a l l  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  f o r  t h e  



s p e c i f i e d  s i z e .  T y p i c a l  h a i l  c h a r a c t e r i s t i c s  a r e  p rov ided  i n  Tab le  5-1. 
A t  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 spec imen ' s  most s e n s i t i v e  exposed p o i n t ,  and each  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 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  
th rough  d e s t r u c t i v e  t e s t i n g  of a sample p a n e l .  I c e b a l l s  1-112 t imes  t h e  
r e q u i r e d  d i a m e t e 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  s h o u l d  be  b roken ,  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 .  

T a b l e  5-1. T y p i c a l  H a i l  C h a r a c t e r i s t i c s  

SIZE 
i n .  

WEIGHT* 
l b  . 

TERMINAL VELOCITY 
mph 

* 
Dens i ty  of i c e  t a k e n  a s  0.9 gm/cm 3  

I 

The c a n d i d a t e  p o i n t s  s e l e c t e d  shou ld  i n c l u d e  (where a p p l i c a b l e )  the.  
f o l l o w i n g  : 

(1) Corners  hnd cdges  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 r a c t s .  

(3)  P o i n t s  of 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  of maximum d i s t a n c e  from p o i n t s  of support i n  ( 4 ) .  

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  
repeared 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  of up t o  112 i n c h  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  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% 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  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 i a m e t e r  of + 118 i n c h .  The i c e b a l l s  s h a l l  b e  
coo led  t o  -lO°C +2O a s  measured in 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 i m p a c t ,  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 d e n c e  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  on ly  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  b e  .used.  

F. ELECTRICAL ISOLATION. TEST PROCEDURE 

The module 'Hi-Pot '  t e s t . s h a l 1  be  conducted w i t h  t h e  ,ou tpu 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 .  Tes 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  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 .  Vo1tag.e 
s h a l l  b e  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 ,  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  b e  observed d u r i n g  t h e  t e s t  f o r  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  b e  rnoriitored d u r i n g  t h e  t e s t  t o  v e r i f y  t h a t  
l eakage  c u r r e n t  does  n o t  exceed 50 microamps. 



b-- MAXIMUM CYCLE TIM -4 

TlME (hr) 

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 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 . )  

CONDITION 

90 TO 95% RH 4 

54 

40.5 - 

- 

L l  I I I I I - I I I 1 I I I  1 1 1  I l l 1  

TlME (hr) 

F i g u r e  5-2. Humidity Cycle  T e s t  ( S u i t a b l e  p rocedures  f o r  accompl i sh ing  
t h i s  t e s t  a r e  d e s c r i b e d  i n  MIL-STD-810C, Method 50 7 .1 ,  
P rocedure  V. ) 



Figure 5-3. Graphical Representation of "Twisted Mounting Surface" 
Requirement 
a Bofncs A, B, C, D are in a Plane 

Point A' is out of Plane the Amount Shown 




