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Summary 

The development of t e s t  r e q u i r e m e n t s ,  equ ipment ,  and p r o c e d u r e s  f o r  
f l a t  p l a t e  p h o t o v o l t a i c  modules h a s  been  o n e  p a r t  o f  t h e  J e t  P r o p u l s i o n  
L a b o r a t o r y ' s  Low-Cost S o l a r  Ar ray  P r o j e c t .  A p r i m a r y  o b j e c t i v e  o f  t h e  
p r o j e c t ,  which i s  b e i n g  performed f o r  t h e  U n i t e d  S t a t e s  Depar tment  of 
Energy,  i s  t h e  t i m e l y  development of low-cos t ,  c o m m e r c i a l - q u a l i t y  photo-  
v o l t a i c  a r r a y s  t h r o u g h  a n  a c t i v e  program of  i n d u s t r i a l  and academic 
invo lvement .  Development of test  t e c h n o l o g y  f o r  modules  i s  a n  i m p o r t a n t  
and n e c e s s a r y  s t e p  toward m e e t i n g  t h i s  o b j e c t i v e .  V a r i o u s  e l e c t r i c a l  p e r -  
formance and e n v i r o n m e n t a l  t e s t i n g  r e q u i r e m e n t s  a r e  d i s c u s s e d  i n  t e r m s  
o f  t h e i r  s i g n i f i c a n c e  as w e l l  a s  t h e  r a t i o n a l e  f o r  t h e  s p e c i f i e d  l e v e l s  
and d u r a t i o n s .  Comparisons  between f i e l d - o b s e r v e d  d e g r a d a t i o n  and test-  
induced  d e g r a d a t i o n  a r e  showing a p o s i t i v e  c o r r e l a t i o n  w i t h  some of  t h e  
o b s e r v e d  f i e l d  e f f e c t s .  The s t a t u s  o f  r e s e a r c h  e f f o r t s  f o r  t h e  deve lop-  
ment of tes t  methodology f o r  f i e l d - r e l a t e d  problems i s  rev iewed .  
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1 . INTRODUCTION 

A s  p a r t  of t h e  Na t iona l  P h o t o v o l t a i c  Conversion Program, t h e  United 

S t a t e s  Department of Energy i s  s u p p o r t i n g  t h e  development and deployment 

of f l a t  p l a t e  p h o t o v o l t a i c  modules and c o n c e n t r a t o r  systems f o r  expe r imen ta l  

a p p l i c a t i o n s  throughout  t h e  United S t a t e s .  To p rov ide  r e a s o n a b l e  a s su rance  

of s a t i s f a c t o r y  performance of t h e  f l a t  p l a t e  modules i n  t h e s e  and f u t u r e  

f i e l d  a p p l i c a t i o n s ,  a  s e t  of q u a l i f i c a t i o n  t e s t  requi rements  h a s  been 

developed by t h e  J e t  P ropu l s ion  L a b o r a t o r y ' s  Low-Cost S o l a r  Array (LSA) 

P r o j e c t .  The t e s t  a c t i v i t y  d e s c r i b e d  i n  t h i s  paper  i s  b e i n g  c l o s e l y  

coord ina ted  w i t h  and i n t e g r a t e d  i n t o  t h e  o v e r a l l  P h o t o v o l t a i c  Performance 

C r i t e r i a  and Tes t  S tandards  e f f o r t  l e d  by t h e  S o l a r  Energy Research I n s t i -  

t u t e  (SERI), Golden, Colorado.  

2 .  TESTING OBJECTIVES 

The purpose of t h e  q u a l i f i c a t i o n  t e s t s  d e s c r i b e d  i n  t h i s  paper  i s  t o  

r a p i d l y  d e t e c t  t h e  presence  of f a i l u r e  o r  d e g r a d a t i o n  modes t h a t  may 

adve r se ly  a f f e c t  t h e  a b i l i t y  of t h e  t e s t e d  i t em t o  s e r v e  i t s  in t ended  func- 

t i o n  i n  t h e  in t ended  environment.  The most common u s e  of q u a l i f i c a t i o n  

t e s t s  i s  i n  v e r i f y i n g  t h e  d u r a b i l i t y  of a  f i n a l  product  des ign  b e f o r e  mass 

product ion  i s  i n i t i a t e d .  The phi losophy i s  t h a t  i f  t h e  i t em passes  t h e  

t e s t  w i t h  an a c c e p t a b l e  l e v e l  of d e g r a d a t i o n ,  t h e  i t e m  i s  s a t i s f a c t o r y  a s  

is .  I f  an unaccep tab le  l e v e l  of d e g r a d a t i o n  o c c u r s ,  a  f a i l u r e  a n a l y s i s  i s  

conducted t o  de te rmine  whether t h e  observed  deg rada t ion  i s  impor tan t  t o  t h e  

i t e m ' s  i n t ended  u s e  and,  i f  s o ,  t o  p rov ide  i n s i g h t  f o r  a  des ign  

mod i f i ca t ion .  I n  a d d i t i o n  t o  product  v e r i f i c a t i o n  u s e s ,  q u a l i f i c a t i o n  

t e s t s  s e r v e  a  v a l u a b l e  need i n  t h e  d e s i g n ,  development,  and p roces s  con- 

t r o l  phases of product  g e n e r a t i o n .  I n  t h e  development t e s t i n g  phase ,  

q u a l i f i c a t i o n  t e s t s  a r e  needed t o  p rov ide  r a p i d  feedback  of t h e  r e l a t i v e  

s t r e n g t h s  and a c c e p t a b i l i t i e s  of d e s i g n  a l t e r n a t i v e s .  I n  p roces s  c o n t r o l  

a p p l i c a t i o n s ,  q u a l i f i c a t i o n  t e s t s  may be  used t o  i n d i c a t e  ou t -o f - to l e rance  

m a t e r i a l s  o r  p r o c e s s e s .  

The key c h a r a c t e r i s t i c s  of q u a l i f i c a t i o n  tests are qu ick  turnaround 

and comprehensive f a i l u r e  mode i d e n t i f i c a t i o n .  To meet t h e  l a t t e r  need,  

t h e  goa l  i s  t o  e x c i t e  a l l  f a i l u r e  modes t h a t  w i l l  r e s u l t  i n  unaccep tab le  

f i e l d  performance w h i l e  n o t  e x c i t i n g  f a i l u r e  modes t h a t  a r e  u n c o r r e l a t e d  

w i t h  f i e l d  performance. 



3. REQUIREMENTS RATIONALE 

The approach being used at JPL for developing qualification test 

requirements is a multiple iterative process consisting of identifying a 

module performance/environmental problem, fabricating experimental test 

apparatus, performing exploratory tests with varying levels and proce- 

dures, and reviewing resultant requirements with industry and other 

organizations (1). 

The test requirements currently being used to qualify modules are sum- 

marized in Table I. The initial qualification tests for terrestrial solar 

cell modules were based on the experience gained during the development of 

solar arrays for the space program. Concurrent with the selection of the 

initial qualification tests, surveys of existing photovoltaic systems in the 

field revealed that arrays were experiencing interconnect breakage, delam- 

ination, and electrical termination corrosion. These observations led to 

the development of additional qualification tests. This section summarizes 

the rationale for the levels and durations of each of these tests. 

The temperature cycling test is intended to accelerate thermal stress 

effects so that design weaknesses associated with the encapsulant system, 

cells, interconnects, and bonding materials can be detected as a direct 

result of the test. A key consideration in the selection of the tempera- 

ture range was to maximize the temperature excursion for accelerating the 

thermal stress effects so as to minimize the required test duration. A 

second moderating consideration was the desire not to eliminate reasonable 

material candidates by excessively exceeding the anticipated operating 

temperature range. The upper temperature limit (90°C) represents a rela- 

tively small temperature stress margin (13°C) above the estimated cell 

temperature (77°C) of a typical operating module on a hot summer day in 

the southwestern USA with good insolation. The lower limit (-40°C) was 

determined by considering military specifications, the subfreezing tempera- 

tures within the United States, and nil ductility temperatures for polymer 

materials and glass. Since one of the primary purposes of this test is to 

detect problems caused by materials with different temperature coefficients 

of expansion, but not to induce testing-caused thermal shock problems, a 

maximum ramp rate of 100°C/h was selected. The resultant test profile is 

shown in Figure 1. The number of temperature cycles was based on the 

results of a special exploratory study which showed that the principal 

thermal stress degradation modes for modules could be detected during 50 



I rzpetltion; of the s i x - h ~ u r  high/lo~ t e m p e r a t u r e  profile (1). 
I 

The humidi ty  t e s E  i s  in tended  t o  a c c e l e r a t e  mois ture- induced degrada-  

j t i o n  of  e n c a p s u l a n t s ,  m e t a l l i z a t i o n  and i n t e r c o n n e c t s ,  and bonding mater-  
4 i a l s .  A review of s t a n d a r d  m i l i t a r y  t e s t  p r o c e d u r e s  and c o n s i d e r a t i o n  of 
r 
i t h e  t y p e s  of e n c a p s u l a t i o n  used f o r  t e r r e s t r i a l  modules l e d  t o  t h e  s e l e c -  
i 

t i o n  of a  modi f i ed  v e r s i o n  of Method 507.1 ,  P rocedure  V ,  from MIL STD 810 C 

i ( 2 ) ,  which i s  a  humidi ty  c y c l i n g  t e s t  of seven  days '  d u r a t i o n .  The humid- 

/ 
1 

i t y  c y c l e  test  p r o f i l e  i s  shown i n  F i g u r e  2 .  

The c y c l i c  p r e s s u r e  l o a d  t e s t  i s  i n t e n d e d  t o  uncover d e s i g n  weaknesses 

of c e l l  i n t e r c o n n e c t s ,  e n c a p s u l a n t  sys tems ,  and c e l l s .  Broken i n t e r c o n -  

n e c t s ,  a  common f i e l d  f a i l u r e  i n  e a r l y  p h o t o v o l t a i c  modules,  were a t t r i b u t e d  

by some peop le  t o  mechanical  f a t i g u e  from long- term response  t o  wind gus t -  

ing .  The p r e s s u r e  l o a d i n g  l e v e l  was based  on an  a n a l y s i s  of wind,  snow, 

and i c e  l o a d s  th roughout  t h e  Uni ted S t a t e s  a s  r e f l e c t e d  i n  t h e  Uniform 
2 

B u i l d i n g  Code. The s p e c i f i e d  l e v e l  2 . 4  kPa (50 l b / f t  ) s a t i s f i e s  t h e  wind 

load  code i n  95% of t h e  Uni ted S t a t e s  f o r  h e i g h t s  5 2 4  m (80 f t )  and a l l o w s  
2 

0.6  kPa ( 1 2  l b / f t  ) snow and i c e  l o a d .  The requ i rement  f o r  t h e  number of 

p r e s s u r e  c y c l e s  was based on t h e  r e s u l t s  of s p e c i a l  e x p l o r a t o r y  s t u d i e s  

which showed t h a t  a l l  of  t h e  f a t i g u e  e f f e c t s  were  n o t e d  b e f o r e  10,000 

c y c l e s  ( 3 ) .  

The warped mounting t e s t  i s  i n t e n d e d  t o  d e t e c t  mechanical  weaknesses 

of e n c a p s u l a n t s ,  c e l l s ,  and i n t e r c o n n e c t s  which cou ld  r e s u l t  i n  module 

f a i l u r e  when mounted on a  nonplanar  pr imary s t r u c t u r e  i n  t h e  f i e l d .  The 

h e i g h t  ( 2 2  cmlm) t h a t  one c o r n e r  of t h e  module i s  r a i s e d  i s  based on 

e n g i n e e r i n g  judgment. 

The h a i l  t e s t  i s  i n t e n d e d  t o  c h a r a c t e r i z e  t h e  s u s c e p t i b i l i t y  of a  

module 's  e n c a p s u l a n t ,  c e l l s ,  and o v e r a l l  d e s i g n  t o  high-impact l o a d i n g  

a s s o c i a t e d  w i t h  h a i l s t o r m s .  The q u a l i f i c a t i o n  t e s t ,  which evo lved  from 

an e x p l o r a t o r y  t e s t i n g  program ( 4 ,  5 ) ,  c o n s i s t s  of p r o p e l l i n g  i .ce b a l l s  

of t h e  r e q u i r e d  h a i l s t o n e  d iamete r  a t  t e r m i n a l  v e l o c i t y  a t  t h e  t h r e e  most 

s e n s i t i v e  p o i n t s  on t h e  t e s t  specimen. Candida te  p o i n t s  may i n c l u d e  

module c o r n e r s  and e d g e s ,  c e l l  edges ,  and s u b s t r a t e  s u p p o r t s .  The s e l e c -  

t i o n  o f  h a i l  d i a m e t e r  i s  determined by t h e  u s e r ,  based  on h i s  assessment  

of t h e  h a i l s t o r m  l i k e l i h o o d  a t  h i s  p a r t i c u l a r  a p p l i c a t i o n .  I f  h i s  a p p l i -  

c a t i o n  i s  n o t  i n  a  h a i l  r e g i o n ,  he  may e l e c t  n o t  t o  perform a  h a i l  t e s t .  

For s o l a r  c o l l e c t o r s  HUD recommends a  h a i l s t o n e  d iamete r  e q u a l  t o  0 .3  i n .  

t imes  t h e  average  number of h a i l - d a y s  p e r  y e a r  a t  t h e  a p p l i c a t i o n  s i t e  ( 6 ) .  



Insulation resistance and high-voltage withstanding tests are intended 

to verify the adequacy of the module design for working voltages. Previous 

small arrays were primarily used to charge batteries with low working volt- 

ages, up to 24 volts. As the applications have become larger, the working 

voltages have increased. Working voltages as high as 1500 volts could be 

sxpected in large applications. As a result, safecy considerations have 

become more prominent. 

These electrical breakdown tests, performed with commercially available 

power supplies and instrumentation, apply voltage between the cell string 

and module frame (if any). Current leakage at 1500 Vdc must not exceed a 

specified limit (550 yA). This limit was selected as being representative 

of unacceptable insulation integrity while also providing a current limit- 

ing level to prevent further damage to the module from excessive arcing or 

breakdown. 

The wind resistance test is intended to accelerate wind-induced fa- 

tigue of cell interconnects, encapsulant ~>~stcrns, substrates, and cells 

of shingle-type modules (i.e., a specially designed flat plate module that 

also functions as a roof covering). After reviewing wind-loading litera- 

ture from the American National Standards Institute, American Society of 

Testing Materials, Underwriter Laboratories, and others, the testing 

requirements and procedures given in Underwriters Laboratories, Standard 

UL 997, "Standard for Wind Resistance Testing of Preparsd Roof Covering 

Materials," were selected. 

In addition to the qualification tests described above, several 

exploratory environmental tests have been performed, including rain, freez- 

ing, salt fog, fungus, and several combined environments such as humidity- 

heat and bias-humidity. Some of these tests are precursors of future quali- 

fication tests, while others are intended for evaluation of performance in 

unusual environments or under specified operating conditions. A test descrip- 

tion and test results for Block I and II modules have been published (7, 8). 

TEST RESULTS 

Environmental qualification testing for Block I, 11, and 111 modules 

has been completed. Comparisons between test results of Block I and I1 

modules 17)  indicate that the Block I1 modules had fewer design and fabri- 

cation deficiencies than Block I. Decreases in the frequency of occur- 

rence of cerizain rypes of degradation were noted, especially delamination 



and damaged i n t e r c o n n e c t s ,  However, t h e  f requency  of occu r rence  of c e l l  

c r ack ing  d i d  no t  dec rease .  Comparison of Block III t e s t  r e s u l t s  w i t h  those  

of Block I1 i n d i c a t e d  s i m i l a r  t r e n d s :  some d e c r e a s e s  i n  f requency  of 

occu r rence  of de l amina t ion  and damaged i n t e r c o n n e c t s ,  no d e c r e a s e  i n  c e l l  

c r ack ing .  When observed i n - s e r v i c e  d e g r a d a t i o n  modes a r e  compared t o  

q u a l i f i c a t i o n - t e s t - i n d u c e d  deg rada t ion ,  s i g n i f i c a n t  agreement h a s  been 

noted  ( 1 , 7 ) .  T h i s  i s  summarized i n  Table  11. Three phenomena - o p t i c a l  

s u r f a c e  s o i l i n g ,  encapsu lan t  de l amina t ion ,  and vandal ism - a r e  no t  ade- 

q u a t e l y  reproduced by any of t h e  c u r r e n t  q u a l i f i c a t i o n  t e s t s .  These 

improvements i n  envi ronmenta l  ruggedness ,  a s  no ted  on t h e  Block I1 and 

Block I11 modules t e s t  and most impor t an t ly  i n  t h e  f i e l d ,  r e f l e c t  a  matur- 

i n g  of p h o t o v o l t a i c  module des igns  and f a b r i c a t i o n  p roces ses .  Thus, t h e  

program f o r  deve loping  (and conduct ing)  q u a l i f i c a t i o n  t e s t s  on f l a t  p l a t e  

modules i s  performing i t s  in t ended  f u n c t i o n ,  i . e . ,  t o  p rov ide  r easonab le  

a s su rance  of s a t i s f a c t o r y  performance i n  f i e l d  a p p l i c a t i o n s .  

5. ONGOING STUDIES 

S o i l i n g  of o p t i c a l  s u r f a c e s  i s  caus ing  t h e  l a r g e s t  s i n g l e  d e g r a d a t i o n  

of power i n  f i e l d  modules, up t o  30%. The deg rada t ion  has  been e s p e c i a l l y  

ev iden t  i n  modules t h a t  have used s i l i c o n e  polymers a s  encapsu lan t s .  A 

q u a l i f i c a t i o n  t e s t  t o  a i d  manufac turers  and t h e i r  customers  i n  a s s e s s i n g  

t h e  "dust  a f f i n i t y "  of f l a t  p l a t e  modules i s  one of t h e  most impor t an t  

needs of t h e  c u r r e n t  r e s e a r c h  and development e f f o r t s .  Because of t h e  

complex i n t e r a c t i o n s  between contaminants ,  environment ,  and s u r f a c e  charac-  

t e r i s t i c s ,  i n i t i a l  s i m p l i f i e d  t e s t i n g  approaches have been unsuccess fu l .  

I n v e s t i g a t i o n s  a r e  b e i n g  d i r e c t e d  toward b u i l d i n g  a s u b s t a n t i a l  d a t a  base  

and unde r s t and ing  t echn iques  f o r  s i m u l a t i n g  removal mechanics.  

The e f f e c t s  on t h e  i n s u l a t i o n  c a p a b i l i t y  of t h e  e n c a p s u l a t i o n  system 

when a h i g h  v o l t a g e  i s  a p p l i e d  ove r  a  l ong  p e r i o d  of t ime i n  a  n a t u r a l  

environment a r e  unknown. To de termine  long-dura t ion  h igh-vol tage  t o l e r -  

ance,  an outdoor  experiment  was i n i t i a t e d  a t  JPL  r e c e n t l y  (December 1978).  

Four-month r e s u l t s  show no s i g n i f i c a n t  changes from t h e  i n i t i a l  v o l t a g e  

wi ths t and  c a p a b i l i t y .  T h i s  t e s t  i s  expec ted  t o  c o n t i n u e  f o r  a t  l e a s t  one 

yea r .  



6 .  CONCLUSIONS 

Improvements i n  env i ronmenta l  t e s t  t o l e r a n c e  by second- and t h i r d -  

g e n e r a t i o n  p h o t o v o l t a i c  modules i n d i c a t e  a  matur ing  of t h e  d e s i g n s  and fab-  

r i c a t i o n  p r o c e s s e s .  Thus,  t h e  q u a l i f i c a t i o n  t e s t  program f o r  f l a t  p l a t e  

modules shou ld  p r o v i d e  r e a s o n a b l e  a s s u r a n c e  of s a t i s f a c t o r y  performance i n  

t h e  f i e l d .  It  shou ld  be  s t r e s s e d  t h a t  t h e  l i m i t e d  f i e l d  e x p e r i e n c e  a v a i l -  

a b l e  does  n o t  w a r r a n t  t h e  assumption t h a t  a l l  i m p o r t a n t  f a i l u r e  modes have 

been i d e n t i f i e d .  Indeed ,  i t  i s  l i k e l y  t h a t  more complex and s u b t l e  degrad-  

a t i o n  mechanisms such a s  c e l l  m e t a l l i z a t i o n  c o r r o s i o n  w i l l  o n l y  become 

e v i d e n t  a f t e r  s e v e r a l  y e a r s  of f i e l d  exposure ;  c o n t i n u i n g  comparison of 

t e s t  and s e r v i c e  e x p e r i e n c e  w i l l  b e  needed t o  account  f o r  such  phenomena. 

New q u a l i f i c a t i o n  t e s t s  developed f o r  f l a t  p l a t e  modules a r e  p r o v i n g  use-  

f u l  f o r  d e t e c t i n g  d e s i g n  and f a b r i c a t i o n  d e f i c i e n c i e s .  Temperature  c y c l i n g ,  

c y c l i c  p r e s s u r e  l o a d ,  and humidi ty  have been e s p e c i a l l y  u s e f u l .  There  i s  

p o s i t i v e  c o r r e l a t i o n  between many of t h e  observed  f i e l d  e f f e c t s  ( e . g . ,  

power l o s s )  and q u a l i f i c a t i o n - t e s t - i n d u c e d  d e g r a d a t i o n .  

Module s o i l i n g  i s  c u r r e n t l y  t h e  most s i g n i f i c a n t  f i e l d - r e l a t e d  problem 

t h a t  i s  n o t  a d e q u a t e l y  a c ' c e l e r a t e d  and d u p l i c a t e d  under  c o n t r o l l e d  test 

c o n d i t i o n s  i n  t h e  l a b o r a t o r y .  
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Table I. Environmental Qualification Tests for Flat 
Plate Photovoltaic Modules 

Temperature c y c l i n g  

Humidity c y c l i n g  

T e s t s  

C y c l i c  p r e s s u r e  l o a d i n g  

Warped mounting s u r f a c e  

H a i l  impact 

P r e s e n t  Environmental  T e s t  L e v e l s  

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

Wind r e s i s t a n c e  ( s h i n g l e  modules o n l y )  

+90°C, -40°C, 10O0C/h, 50 c y c l e s  

+40°C, + ? 3 " C ,  907: RH, 24 h j c y c l e  
5 c y c l e s  

2  i2400  Pa (250 l b / f t  ) 10,000 c y c l e s  

+? cm/m ( t l / 4 "  p e r  f t )  

3 h i t s  a t  e a c h  of  3 p o i n t s  on  module, 
a p p l i c a t i o n - d e p e n d e n t  

Leakage c u r r e n t  550 P A  @ a p p l i c a t i o n  
v o l t a g e ,  e . g . ,  1500 Vdc 

U n d e r w r i t e r s  Lab S t a n d a r d  UL 997 

Table 11. In-Service Degradation Modes 

Phenomenon 

O p t i c a l  s u r f a c e  s o i l i n g  

Encapsu lan t  d e l a m i n a t i o n  

Vandalism ( i . e . ,  thrown o r  
p r o j e c t e d  o b j e c t s )  

H a i l  impact 

S e v e r e l y  c racked  or  
mismatched c e l l  

I n t e r c o n n e c t  o r  
i n t e r c o n n e c t / c o n t a c t  
f a i l u r e  

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

F i e l d  E f f e c t  

5  t o  30% power o u t p u t  r e d u c t i o n  

No s h o r t - t e r m  power d e g r a d a t i o n  
observed .  Long-term e f f e c t s  
unknown. 

Reduced power o u t p u t  o r  open 
c i r c u i t  ( i . e . ,  c racked  c e l l s )  

Reduced power o u t p u t  o r  open 
c i r c u i t  ( i . e . ,  c racked  c e l l s )  

C e l l  b a c k b i a s i n g  and o v e r h e a t i n g ;  
reduced module power o u t p u t  

Arc ing  a n d / o r  open c i r c u i t  

Open c i r c u i t  

S i m i l a r  PhenomenonlEffect Observed 
i n  P r e s e n t  Q u a l i f i c a t i o n  T e s t s  

Yes,  some d e l a m i n a t i o n  b u t  n o t  t o  
t h e  degree  observed  i n  t h e  f i e l d  
(humid i ty  c y c l i n g ,  t e m p e r a t u r e  
c y c l i n g )  

Yes,  but  n o t  t o  t h e  d e g r e e  observed 
i n  t h e  f i e l d  ( h a i l * )  

Yes ( h a i l * )  

Yes (humid i ty  t e m p e r a t u r e  c y c l i n g ,  
c y c l i c  p r e s s u r e  l o a d i n g )  

Yes ( t e m p e r a t u r e  c y c l i n g ,  c y c l i c  
p r e s s u r e  l o a d i n g )  

Yes (humidi ty c y c l i n g ,  s a l t  fog*) 

*Appl ica t ion-dependen t  q u a l i f i c a t i o n  t e s t  




