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Hipot (h igh  vo l t age  p o t e n t i a l )  and module frame c o n t i n u i t y  t e s t s  a r e  
important  p a r t s  of determining t h e  s u i t a b i l i t y  of s o l a r  modules f o r  deployment 
i n t o  l a r g e  a r r a y s  f o r  e l e c t r i c  power production.  Since  f i e l d  a r r a y s  o p e r a t e  
a t  hundreds of v o l t s  above ( o r  below) ground p c t e n t i a l  a t  some po in t  i n  t h e  
f i e l d ,  i t  i s  necessary  t o  ensure  adequate vo l t age  i s o l a t i o n  of the  s o l a r  c e l l  
c i r c u i t s .  This s u b j e c t  is d i scussed  i n  t h i s  p r e s e n t a t i o n  a s  ou t l ined  i n  
Figure 1. The d i s c u s s i o n  i s  based on t e s t  procedures used a t  the  J e t  
Propuls ion Laboratory and a s  g iven  i n  JPL I n t e r n a l  Documents Nos. 5101-161 and 
5101-162. 

The purpose of h ipot  and c o n t i n u i t y  t e s t i n g  (F igure  2) i s  t o  revea l  
p o t e n t i a l l y  hazardous vo l t age  c o n d i t i o n s  of modules before  f i e l d  i n s t a l l a t i o n .  
It a l s o  r e v e a l s  leakage c u r r e n t s  t h a t  p o t e n t i a l l y  may r e s u l t  i n  s i g n i f i c a n t  
l o s s  of power o r  cause ground-fault  system problems. The t e s t s  r evea l  f i r s t  
the  c u r r e n t  leakage p o t e n t i a l  and second how t h e  leakage o r  hazardous v o l t a g e s  
w i l l  be d i s t r i b u t e d .  Notice t h e  word " p o t e n t i a l l y "  i s  used i n  a l l  cases .  I f  
the  h ipot  c u r r e n t  leakage i s  a few microamperes t o o  high o r  t h e  frame 
c o n t i n u i t y  a  few mill iohms too high,  one c a n ' t  say  t h a t  t h e  module would be a n  
immediate c a t a s t r o p h e  i f  mounted i n  a n  a r r a y .  However, t h e  t e s t s  g e n e r a l l y  do 
i n d i c a t e  any weaknesses i n  t h e  des ign  t h a t  a r e  p o t e n t i a l l y  hazardous and need 
t o  be cor rec ted .  I n  t h e  last few years ,  h ipo t  and c o n t i n u i t y  t e s t s  have 
r e s u l t e d  i n  the  h ighes t  f a i l u r e  r a t e s  of any measurements we make. 

The hipot  t e s t  procedure descr ibed i n  Figure  3 w i l l  be d iscussed f i r s t .  
F igure  4 shows t y p i c a l  equipment us&. The Hipo t ron ics  HD11S t e s t e r  s u p p l i e s  
the  needed vo l t age  and measures t h e  c u r r e n t  leakage.  The polyurethane boards 
shown i n  Figure  4 he lp  i s o l a t e  the  l ead  wires and reduce any spur ious  c u r r e n t  
leakage e x t e r n a l  t o  the  module. 

The next s e v e r a l  f i g u r e s  show some of the  problems that a r i s e  i n  h ipo t  
and c o n t i n u i t y  t e s t i n g .  

The zinc-based feedthrough connector  ohown i n  Figure  5 and a t  the  l e f t  
s i d e  of Figure  6  had very low c u r r e n t  leakage (0.6 PA) but corroded badly i n  
the  Block V humidity-freeze t e s t .  The module manufacturer s u b s t i t u t e d  t h e  
s t a i n l e s s  feedthrough shown a t  t h e  r i g h t  i n  Figure  6, con ta in ing  what appeared 
t o  be the  same i n t e r n a l  rubber p o t t a n t .  However, t h e  l a t t e r  passed 60 p A  of 
c u r r e n t ,  r e e u l t i n g  i n  h ipot  t e s t  f a i l u r e  i n  t h e  connector  a lone.  A minor 
e k n g e  i n  t h e  a d d i t i v e s  i n  t h e  rubber caused t h e  excess ive  leakage. 

Figure  7 shows t h e  back s i d e  of a simulated roof s e c t i o n  holding a 
module laminate .  The galvanized d r i p  t roughs  around t h e  g l a s s  l a d n a t e  shown 
i n  Figure  7 and 8 were unconnected and required bonding wi res  (Figure  7). The 
module f a i l e d  h ipo t  because t h e  black rubber gaske t  around the  laminate  was 
r l i g h t l y  conductive.  
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Polyvinyl b u t y r a l  i s  a popular encapsulant  and g e n s r a l l y  has adequate 
d i e l e c t r i c  s t r e n g t h  a t  room temperature t o  pass  t h e  h ipo t  t e s t .  However, 
leakage i n c r e a s e s  by about 400 t imes a t  hot-day f i e l d  temperatures 
(F igure  9).  If high ground-fault  c u r r e n t s  might be a problem i n  a p a r t i c u l a r  
l a r g e  a r r a y ,  modules should undergo leakage t e s t s  a l  e l eva ted  temperatures.  

The c o n t i n u i t y  t e s t  used a t  JPL is  d i scussed  next ,  wi th  i l l u s t r a t i o n s  i n  
Figures  1 0  through 15. A s  shown i n  Figure 10,  t h e  JPL Block I V  t e s t e  required 
a c o n t i n u i t y  t e s t  between meta l  components of t h e  module frame with a 
50-milliohm upper l i m i t .  Block V required a c o n t i n u i t y  t e s t  but without a 
s t a t e d  l i m i t .  A t  f i r s t  t h e  same value  was used a s  had been use6 f o r  Block 
I V :  50 mill iohms. Recent ly ,  a  high-current  c o n t i n u i t y  t e s t  was adopted. 
Current is  passed through t h e  module frame a t  a l e v e l  of twice the  
s h o r t - c i r c u i t  c u r r e n t .  Maximum vo l t age  drop pe rmiss ib le  is  1 v o l t  from the  
beginning of the  t e s t  through a two-minute hold per iod.  This high-current  
t e s t  was based on an i n t e r i m  r e p o r t  of a JPL-Underwriters Lab study.  The 
f i n a l  r e p o r t ,  UL 1703, i s  t h e  same t e s t  except t h a t  i t  c a l l s  f o r  only a 112 
v o l t  drop. 

Figure  11 shows t h e  r e l a t i o n s h i p  between these  t e s t s .  The module 
milliohm r e s i s t a n c e  i s  p l o t t e d  a g a i n s t  module s h o r t - c i r c u i t  c u r r e n t .  The 
milliohmmeter t e s t  used i n  Block I V  and e a r l y  Block V was independent of 
module c u r r e n t .  The more recen t  t e s t s  appear a s  s l a n t i n g  s t r a i g h t  l i n e s  on 
log paper. A t  high module curr 'Ents t h e  o ld  t e s t  was e a s i e r  t o  pass  and v i c e  
versa  f o r  low module c u r r e n t s .  This  comparison assumes t h a t  high c u r r e n t  w i l l  
not burn out  o r  weld t o g e t h e r  p o i n t  c o n t a c t s  a t  t h e  j o i n t s  and t h a t  the  bas ic  
frame r e s i s t a n c e  remains unchanged. 

Figure  12 shews a c o n t i n u i t y  t e s t  se tup  us ing a Simpson Model 1699 
milliohmmeter. Sometimes t h e  r e s i s t a n c e  is  g r e a t e r  than  t h e  ins t rument ' s  
50-ohm f u l l  s c a l e  l i m i t .  A Fluke 8060AS mul t imeter  shown a t  t h e  l e f t  is used 
f o r  r e s i s t a n c e  l e v e l s  above 50 ohms. Most of t h e  t e s t i n g  done i n  t h e  p a s t  was 
done using the  rn i l l iohmm~ter  and t h e  d a t a  presented here  wao a l l  obtained t h a t  
way. I n  the  photograph t h i s  module shows good c o n t i n u i t y  wi th  approximately 
zero r e s i s t a n c e .  However, i n  Figure  13,  modest f o r c e s  a r e  being app l i ed  t o  
the corner ,  r e s u l t i n g  i n  a reading on the  next meter s c a l e  of more than 
100 mill iohms, a c o n t i n u i t y  t e s t  f a i l u r e .  A t  JPL the  t e s t  i s  o r d i n a r i l y  run 
with and without "handling f o r c e s "  appl ied .  

Figure  14 shows t h e  t e s t  s e t u p  f o r  t h e  newer high-current  c o n t i n u i t y  
t e s t .  The power s ~ p p l y  provides  c u r r e n t  t o  t h e  module, g e n e r a l l y  through t h e  
p r e c i s i o n  shunt shown here.  The d i a l  gauges a r e  only coarse  i n d i c a t o r s  but 
now, a t  low vo l t age  and high c u r r e n t ,  d i g i t a l  vo l tme te r s  a r e  used t o  g i v e  
p r e c i s e  values .  

Notice the  heavy b a t t e r y  clamps and l ead  wires .  The photo shows t h e  
small  vo l t age  l e a d s  a t t a c h e d  improperly. l'he contac:  r e e i s t e n c e  o: t h e  
b a t t e r y  clamps a r e  f r e q u e n t l y  10-15 milliohms. A mcdule wi th  high 
s h o r t - c i r c u i t  c u r r e n t  through t h i s  con tac t  r e s i s t a n c ~ %  w i l l  produce a f a l s e  
high vol tage  and apparent  f a i l u r e .  The proper  way t o  a t t a c h  t h e  l e a d s  i s  t o  
the  pol ished metal  frame c l o s e  t o  t h e  l a r g e  clamps. 
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Figure  1 5  shows a p o r t i o n  of a two-piece, U-shaped mersl  frame joined by 
a r i v e t e d  j o i n t  a t  each end of t h e  module. The r i v e t r  seemed t o  be we l l  
i n s t a l l e d  and t i g h t .  Behind t h e  f l a n g e  i s  a n  o rd ina ry  inspec t ion  mi r ro r  
showing tire smal l  meta l  c l i p  t h a t  s e r v e s  t o  hold t h e  two p i e c e s  toge the r .  
Unbelievably,  theoe two p a r a l l e l  j o i n t s  showed a combined r - e i s t a n c e  of over 
200 megohms. 

The r e s u l t s  of t h e  t e s t i n g  a r e  shown i n  F i g u r e r  16-19. For t h e  
approximately 250 i n d i v i d u a l  m d u l e r  i n  Figure  16, i n i t i a l l y  10% and 12% 
f a i l e d  hipot  and c o n t i n u i t y ,  r e s p e c t i v e l y .  A l l  of t h e r e  d i d n ' t  complete 
environmental  t e s t s ,  s o  t h e r e  1,s a emal ler  popu la t ion  f o r  f i n a l  t e s t s .  16% 
and 31% f a i l e d  f i n a l  t e s t s ,  r e spec t ive ly .  For t h e  d a t a  on sets of modules, i n  
Figure 17,  one f a i l u r e  p e r  s e t  i e  considered a f a i l u r e  of t h e  whole e e t .  

For the  s e t s  t h e r e  was i n i t i a l l y  a 26% f a i l u r e  i n  h ipot  and 9% i n  
c o n t i n u i t y .  Af te r  environmental  t e s t -ng ,  tt.?se f a i l u r e s  went t o  36%. The 
l a s t  two columns t ake  t h e  most c r i t i c a l  viewpoint. I f  we use t h e  c r i t e r i o n  
t h a t  any f a i l u r e  of h ipo t  o r  c o n t i n u i t y ,  e i t h e r  before  o r  a f t e r  environments?. 
exposure,  causes  the  s e t  t o  f a i l ,  t h e r e  was a 69% f a i l u r e  r a t e .  I n  s p i t e  c f  
t heee  gloomy s t a t i s t i c s ,  moet of theee  problems could be f ixed  e a s i l y .  A 
l i t t l e  more c a r e  i n  f a b r i c a t i o n ,  keeping t h e  bus b a r s  and o t h e r  conductors a 
l i t t l e  f a r t h e r  from the  frames,  b e t t e r  t e t a l  jo in ing ,  e t c . ,  would lower t h e  
f a i l u r e  r a t e s  s i g n i f i c a n t l y .  

Figure  1 8  shows t h e  v o l t a g e s  a t  f a i l u r e  of individual modules. 
I n i t i a l l y ,  the  c l e a r  bare  show t h a t  r e l a t i v e l y  few modules f a i l e d  u n l ~  t h e  
1000-2000 V range was reached. More than hal f  of a l l  modules t h a t  fkLIed d i d  
so  i n  t h i s  range below 2000 V. A f t e r  environmental t e s t s  the  vol tage  a t  
f a i l u r e  r i e e e ,  wi th  one f a i l i n g  below 500 V but a cons ide rab le  number g e t t i n g  
t o  3000 V only t o  f a i l  i n  l e e s  than  one minute. 

Figure  19 ehowe t h e  r e s i s t a n c e  i n  ohms a t  f a i l u r e .  I n i t i a l l y ,  t h e r e  
were more f a i l u r e e  a t  murs than  one ohm than a t  l e s s  than  one ohm. A f t e r  
environmental  t e s t i n g  t h e  s i t u a t i o n  was reversed.  The r i g h t  s i d e  of Figure  19  
i s  d i s t o r t e d .  I n i t i a l l y ,  h igh r e e i s t a n c e  was read simply as " g r e a t e r  than 
50 ohma." La te r ,  t h e  d i g i t a l  ohmmeter was used showing t h a t  moet of these  
" g r e a t e r  than 50 ohms" were probably " g r e a t e r  than  1 0  megohms." Therefore,  
these  two bare should be considered i n  t h e  same group. Notice t h e r e  a r e  no 
readings  between 10 and 50 ohms and, p r o k b l y ,  nothing betvecn 1 0  o b s  and 
seve r v l  .?egoham. 
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Figure 1. Contents 

PU2POSE OF H lPOT AND CONTINUITY TESTING 

HlPOT TESTING - EQUIPMENT, PROCEDURES, PROBLEMS 

r CONTINUITY TEST1 h G  - EQUIPMENT, PROCEDURES, PROBLEMS 

OLD AND NEW PROCEDURES - MIL~IO~IMIMETER V S  HIGH CURRENT 

RESULTS OF RECEKT TESTS 

Figure 2. Purpose of Hipot and Continuity Testing 

REVEAL POTENTIALLY HAZARDOUS VOLTAGE CONDITIONS OF INSTAILED MODULES 

REVEAL LEAKAGE CURRENTS ']HAT POTENTIB.LLk MAY RESULT I N  SIGNIFICANT : -i 

OF PUWER OR CAUSE GROUPiD FAULT SYSTEM PROBLEMS 

e REVEAL BY THESE lWO fESTS FIRST, THE CURRENT LLAKAGE POTENTIAL AND SECOND, 

HON THE LEAKAGE OR VOLTAGES W l LL BE D I STRI BUTED. 

Figure 3. Hipot Test 

8 AFFLY DC VOLTAGE AT A RATE NOT TO EXCEED 500 VlSEC TO WOOV, BOTH 
POlAR ITIES, BETWEFN THE MODULE CELL STRING AND THE M T A L  FRAME 
Ai\lD HOLD FOR ONE MINUTE. 

0 LEAKAGE I S  LIMITED TO 50 PA W I T H  NO SIGNS OF ARCIPG OR FLASHOVER. 
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Figure 16. Results of Hipot and Continuity Tests 
for Individual Modules 
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Figure 17. Results of Hipot and Continuity Tests 
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Figure 18. Voltage at Failure: Hipot Test 
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Figure 19. Resistance at Failure: Continuity Test 
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Figure 20. Summary 

HIPOT AND CONTINUITY TESTS HAVE CLEARLY DEFINED L I M I T S  FOR PASS-FAIL 
IN JPL PROCEDURES 

CONTINUITY L I M I T S  FOR BLOCK V TESTS ARE DERIVED FROM UNDERWRITERS 
LABORATORY STUDIES 

THESE TESTS RESULT I N  MANY FAILED MODULES. A MAJORITY OF THE MODULE 
DESIGNS F A I L  I F  THE CRITERION OF ONE FAILURE PER SET OF EIGHT I S  USED 

A MAJORITY OF THE FAILURES CAN BE PREVENTED BY SIMPLE CHANGES N 
DESIGN 0': MODULE PROCESS IKG 




