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S W R Y  

Solar  a r r a y  welding technology is  examined from i ts  beginnings i n  t h e  l a te  
1960's  t o  the  present .  The U.S. and European e f f o r t s  are compared, and s igni -  
f i c a n t  similarities are h ighl ighted .  The u t i l i z a t i o n  of welding techno 
space use i s  shown t o  have been inf luenced by a number of s u b t l e ,  secondary f a c t o r s .  

INTRODUCTION 

Since the  t i m e  of t h e  f i r s t  s a t e l l i t e  s o l a r  power systems, t h e  p re fe r r ed  
method of s o l a r  c e l l  in te rconnec t  attachment has been so lder .  Y e t  f o r  over a 
decade t h e r e  has  been a cont inuing  i f  not always s teady  development of a " b e t t e r "  
method. Although a number of s a t e l l i t e  s o l a r  a r r a y s  have been assembled wi th  
welding methods by t h e  European indus t ry  ( r e f .  11, welding has not  achieved a 
similar l e v e l  of a p p l i c a t i o n  i n  the  U.S. Even though s o l d e r  has proven s u i t a b l e  
f o r  pas t  space e f f o r t s ,  f u t u r e  requirements w i l l  most l i k e l y  exceed i t s  capab i l i -  
t ies .  For t h i s  reason NASA i s  planning t o  i n i t i a t e  a U.S. welding program t h a t  
w i l l  provide the  knowledge and confidence requi red  t o  achieve  f l i g h t  ready s t a t u s .  
This paper w i l l  provide a background t o  that e f f o r t ,  examining p a s t  a c t i v i t i e s  and 
r e s u l t s  i n  welding f o r  U.S. and European e f f o r t s .  It w i l l  be shown t h a t  t h e  two 
e f f o r t s  e x h i b i t  cons iderable  s i m i l a r i t y  and t h a t  t h e  g r e a t e s t  impediment t o  weld 
acceptance has  been the  l ack  of s u i t a b l e  in-process NDE (nondes t ruc t ive  eva lua t ion)  
methods. The fol lowing d i scuss ion  w i l l  gene ra l ly  fo l low a chronologica l  format. 

SOLDER 

Early s t u d i e s  have shown so lde r  t o  have a number of c r i t i c a l  l i m i t a t i o n s  both 

The former l i m i t  i s  r e a d i l y  
a t  h igh  temperature where creep and even melt ing can occur,  and a t  low temperatures  
where f a t i g u e  induced f a i l u r e  i s  of concern ( r e f .  2). 
observable  s i n c e  t h e  mel t ing  po in t s  of t he  s o l d e r s  are w e l l  documented. The low 
temperature s i t u a t i o n  w a s ,  and s t i l l  i s ,  much more d i f f i c u l t  t o  quant i fy .  

Due t o  thermal expansion mismatches between t h e  ce l l ,  so lde r ,  and in te rconnec t ,  
var ious  stress d i s t r i b u t i o n s  w i l l  occur  depending on temperature  l i m i t s ,  bond area, 
and component thicknesses .  Analyses ind ica t ed  t h a t  a s m a l l  number of very low temp- 
e r a t u r e  exposures o r  a moderate number of less severe  low temperature exposures 
could lead  t o  c racking  i n  t h e  s o l d e r  ( r e f .  s 2 & 3 ) .  Since the  acceptance of a 
s o l d e r  bond has  been t i e d  t o  t h e  appearance of t he  s o l d e r  f i l l e t ,  changes i n  ap- 

* The r e sea rch  descr ibed  i n  t h i s  paper p re sen t s  t h e  r e s u l t s  of one phase of 
r e sea rch  c a r r i e d  ou t ,  a t  t h e  Jet  Propuls ion Laboratory,  Ca l i fo rn ia  I n s t i t u t e  
of Technology, under Cont rac t  with the  Nat iona l  Aeronautics and Space Admin- 
i s  t r a  t ion. 
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pearance which were observed dur ing  t h e r a a l  cyc l ing  were occas ions  f o r  concern. 
It w a s  f e l t  t h a t  t h e s e  changes u l t i m a t e l y  l ead  t o  bond f a i l u r e  inc luding  p o s s i b l e  
s i l i c o n  d ivot ing .  The c o r r e l a t i o n  between s o l d e r  c racking  and observable  s u r f a c e  
appearance changes and a c t u a l  bond o r  s i l i c o n  f a i l u r e  w a s  no t  however, c l e a r l y  
demonstrated. A t  t h e  same t i m e  s i n c e  a c t u a l  stresses w i t h i n  t h e  bond were inf luen-  
ced by t h e  materials used,  stress reduc t ion  could be achieved by means of changes 
i n  materials o r  t h i ckness  ( r e f .  4 ) .  A s  a r e s u l t ,  t h e  p re sen t  day s o l d e r  system i s  
cons iderably  improved over  t h a t  used i n  t h e  l a t e  1960's. Solder  p re s s ing  and p re -  
forms have reduced t h e  s o l d e r  t h i ckness  i n  t h e  bond, and in t e rconnec to r s  wi th  co- 
e f f i c i e n t s  of expansion c l o s e  t o  s i l i c o n ' s ,  such as molybdenum, both create a more 
f avorab le  s i t u a t i o n  than  t h e  earlier systems. A s  a r e s u l t ,  i t  i s  now p o s s i b l e  t o  
wi ths tand  over 1000 cyc le s  t y p i c a l  of GEO (equiva len t  t o  over  10 years o r b i t ) ,  
something t h a t  might n o t  have been expected from e a r l y  a n a l y s e s  ( r e f .  5). 
comparison e a r l y  tests of s o l d e r e d . i n t e r c o n n e c t s  wi th  less optimum conf igu ra t ions  
t y p i c a l l y  s u f f e r e d  modest t o  s eve re  damage under similar thermal  cyc le  c o n d i t i o n s  
( r e f .  2) .  

By 

The case f o r  long t e r m  LEO use  of s o l d e r  has no t  been as op t imis t i c .  Even 
though temperature  extremes are less pronounced, t he  need t o  demonstrate s u r v i v a l  
c a p a b i l i t y  f o r  t e n s  of thousands of cyc le s  means t h a t  t h e  c o s t s  and t i m e  r equ i r ed  
t o  adequate ly  test t h e  LEO s imula t ions  is cons iderable  and as  a r e s u l t  a g r e a t e r  
r e l i a n c e  must be placed on t h e o r e t i c a l  ana lyses  f o r  guidance. These ana lyses  in-  
d i c a t e  t h a t  t h e  s o l d e r  system should be rep laced  wi th  a welded (brazed)  one. A s  
t i m e  has  shown, t h i s  has  n o t  been a t r i v i a l  t ask .  So lde r ' s  ea sy  r e p a i r a b i l i t y ,  
r e l a t i v e  i n s e n s i t i v i t y  t o  process  parameters ,  s u i t a b i l i t y  t o  v i s u a l  i n spec t ion ,  
and l a r g e  bond area wi th  r e s u l t a n t  h igh  bond s t r e n g t h ,  have proved a cha l lenging  
combination t o  overcome. 

WELDING TECHNOLOGY DEVELOPMENT 
(EXPLORING ALTERNATIVES 1965-1970) 

The beginning of s e r i o u s  s o l a r  c e l l  weld development can be t r aced  t o  t h e  de- 
velopment of t h e  pal laduim pass iva t ed  c e l l  con tac t .  This  meant t h a t  humidity re- 
s i s t a n c e  could be achieved without  t h e  use of s o l d e r  ( r e f .  6 ) ,  a l lowing  non-solder 
i n t e rconnec t ion  methods t o  be f r e e l y  pursued. During t h i s  e a r l y  phase, European 
and U.S. o rgan iza t ion  pursued a g r e a t  number of i n t e rconnec t ing  schemes such as  
u l t r a s o n i c ,  thermal  d i f f u s i o n ,  thermocompression, para l le l  gap r e s i s t a n c e  welding 
(R.W.) and even laser welding ( r e f .  7). These were examined f o r  use  with a wide 
v a r i e t y  of in t e rconne to r  materials inc luding  s i l v e r ,  aluminum, gold,  s i l v e r  p l a t ed  
copper,  molybdenum, and Kovar. 
exp lo ra to ry  e f f o r t s  r e s u l t i n g  i n  a narrowing of  op t ions  by 1970. 
choice  w a s  p r imar i ly  R.W. i n  conjunct ion  wi th  s i l v e r  p l a t ed  molybdenum t a b s ,  af- 
though pulse  welding has  cont inued t o  r ece ive  s i g n i f i c a n t  a l though l i m i t e d  develop- 
ment ( r e f .  8). Pulse  welding i s  a c t u a l l y  a ve r s ion  of  t h e  more f a m i l i a r  R.W. 
technique where t h e  hea t  f o r  the bond f u s i o n  i s  formed i n  one of t h e  two weld 
e l e c t r o d e s  r a t h e r  than  i n  t h e  c e l l / i n t e r c o n n e c t o r  con tac t  region. 

Various degrees  of  success  were obta lned  i n  these  
The European 

By c o n t r a s t ,  a consensus w a s  no t  as r a p i d l y  a t t a i n e d  i n  t h e  U.S. This can be  
t r a c e d  p r imar i ly  t o  t h e  emphasis on development of A 1  contac ted  cel ls  f o r  s a t i s f y -  
i ng  m i l i t a r y  requirements.  A s  a r e s u l t  t h e  U.S. e f f o r t  was i n i t i a l l y  biased to-  
wards u l t r a s o n i c  welding of aluminum in t e rconnec to r s  t o  cells  wi th  aluminum ( A l )  
contac ts .  
a f t e r  1970 t h a t  t h e  U.S. e f f o r t  focussed on t h e  R.W. method. S imi l a r  t o  t h e  Euro- 
peans, a s i n g l e  s i g n i f i c a n t  a l t e r n a t i v e  method has  surv ived  t h i s  i n i t i a l  explora-  

The X1-A1 system d i d  not  prove h igh ly  s u c c e s s f u l ,  so it wasn't u n t i l  
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t o r y  per iod .  In  t h i s  case, i t  i s  u l t r a s o n i c  welding,  now used w i t h  Ag i n t e r c o n n e c t s  
and c o n v e n t i o n a l  s i l v e r  c o n t a c t e d  c e l l s  ( r e f .  3). 

It is  i n t e r e s t i n g  a t  t h i s  p o i n t  t o  compare t h e  European and U.S. e f f o r t s  re- 
s u l t i n g  from t h e  e x p l o r a t o r y  per iod .  Both u l t i m a t e l y  emphasized t h e  R.W. method, 
based on use of  t h e  Hughes MCW 550 power supply.  The i n t e r c o n n e c t o r s  of primary 
c h o i c e  were u s u a l l y  s i l v e r  p l a t e d  r i g i d  materials w i t h  thermal  expans ion  c o e f f i -  
c i e n t s  somewhat matched t o  s i l i c o n ' s .  Y e t  b o t h  e f f o r t s  a l s o  r e s u l t e d  i n  a s i n g l e  
s i g n i f i c a n t  a l t e r n a t e  method, p u l s e  welding i n  Europe and u l t r a s o n i c  i n  the U.S., 
t h a t  were t i e d  t o  t h e  u s e  of  a r e l a t i v e l y  f l e x i b l e  i n t e r c o n n e c t  material, s i l v e r .  
I n  f a c t  b o t h  t h e s e  al ternates have r e c e i v e d  cont inuous  a l t h o u g h  l i m i t e d  s u p p o r t  
th rough t h e  p r e s e n t .  They s h a r e  a n o t h e r  s i m i l a r i t y - - r a t h e r  t h a n  r e l y  on s p o t  bonds 
such  as occur  w i t h  R.W., t h e y  u s e  t o o l i n g  t h a t  provides  a l i n e a r  bond. 

A EUROPEAN COMMMITMENT, 1970-1974 

By 1972 t h e  European e f f o r t  ach ieved  a m i l e s t o n e  wi th  t h e  commitment of  R.W. 
t o  t h e  H e l i o s  s o l a r  probe ( r e f .  9).  Due t o  t h e  h igh  tempera ture  environment t h a t  
t h e  probe would o b s e r v e ,  it w a s  obvious t h a t  s o l d e r  would n o t  be s u i t a b l e  and 
welding was necessary .  However, e x c l u d i n g  t h e  h igh  tempera ture  exposure  (175OC) 
t h e  miss ion  thermal  c y c l i n g  environment w a s  no t  p a r t i c u l a r l y  severe .  A t  t h e  same 
t i m e ,  a number of developments s e r v e d  t o  reduce t h e  concern  o v e r  i n d i v i d u a l  weld 
bond i n t e g r i t y  such  as  t h e  c e l l  in te rconnec tor -cover  ( C I C )  "sandwich" assembly,  
and i n c r e a s e d  i n t e r c o n n e c t  redundancy ( r e f .  s 9 & 10). 

S t u d i e s  of bond j o i n t s  had i n d i c a t e d  t h a t  s o l d e r  bonds are s u b j e c t  t o  h i g h  
stress n o t  o n l y  due t o  t h e  thermal  c o e f f i c i e n t  mismatch, bu t  a l s o  because of  t h e  
l a r g e  bond area. Advantages f o r  welded systems t h e n ,  would be t o  reduce t h e  thermal  
c o e f f i c i e n t  mismatch and a l s o  t o  provide  a smaller bond area. Both would s e r v e  t o  
minimize stresses. However, t h e  smaller bond area t r a n s l a t e s  t o  reduced bond 
s t r e n g t h s ,  p a r t i c u l a r l y  under t o r s i o n a l  l o a d i n g  of r i g i d  i n t e r c o n n e c t o r s ,  such  
a s  were i n  u s e  ( r e f .  7) .  

The use  of  t h e  C I C  n o t  on ly  provided p r o t e c t i o n  t o  t h e  c e l l ' s  complete  t o p  
s u r f a c e ,  but  i t  a l s o  mechanicaly c o n s t r a i n e d  t h e  t a b  a t  t h e  weld j o i n t ,  p r o v i d i n g  
p r o t e c t i o n  a g a i n s t  t o r s i o n a l  loading .  It i s  even p o s s i b l e  t h a t  under a debond 
s i t u a t i o n  t h e  mechanical  c o u p l i n g  provided by t h e  CLC assembly might a l l o w  f u l l  
e lectr ical  c o n t a c t ,  s i m u l a t i n g  a s l i d i n g  c o n t a c t .  

The c e l l  d e s i g n  used w i t h  t h e  C I C  assembly a l l o w s  t h e  u s e  of 3 bond j o i n t s  
p e r  s i d e  of t h e  ce l l .  T h i s  redundancy reduces  t h e  need f o r  100% bond i n t e g r i t y  
s i n c e  o n l y  one j o i n t  p e r  s i d e  would be needed f o r  u s e f u l  c e l l  ou tput .  S i n c e  i t  
w a s  n o t  p o s s i b l e  t o  v e r i f y  t h e  q u a l i t y  of each  i n d i v i d u a l  bond t h i s  approach pro- 
v ided  a p r a c t i c a l  method f o r  u s i n g  a n  " imperfec t"  weld process .  A s  a f u r t h e r  
a t t e m p t  a t  maximizing t h e  bond i n t e g r i t y ,  automated indexing  and welding of t h e  C I C  
a s s e m b l i e s  w a s  i n t r o d u c e d  so  as  t o  minimize o p e r a t o r  dependence. The combinat ion 
of weld,  C I C ,  and redundancy, t h u s  al lowed a n  unproven technology t o  provide  a 
c o n f i d e n t  i n t e r c o n n e c t  method. This  was a l l  a p p l i e d  t o  a n  almost  p e r f e c t  f i r s t  
m i s s i o n  need f o r  a weld i n t e r c o n n e c t  system. 

During t h i s  p e r i o d  a l t h o u g h  e v a l u a t i o n  of weld s c h e d u l e s  and t h e  i n f l u e n c e  of 
component v a r i a t i o n s  cont inued ,  t h e  emphasis o f  U.S. and  European welding was 
p laced  on developing  methods f o r  e n s u r i n g  i n d i v i d u a l  bond q u a l i t y  s i n c e  t h e  b a s i c  
weld o p t i m i z a t i o n s  had been performed. The primary problem was t h a t ,  u n l i k e  s o l d e r ,  
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t h e  bond was nqt  v i s i b l e  €or  in spec t ion ,  p a r t i c u l a r l y  € o r  r i g i d  in t e rconnec t  systems. 
Some c o r r e l a t i o n  between t h e  bond characteristics and deformations i n  t h e  welded 
i~ i t e i~conne-c t  w a s  p o s s i b l e  wi th  t h e  s i l v e r  system ( r e f .  s 4 & 71, bu t  i n  g e n e r a l  
v i s u a l  i n s p e c t i o n  was no t  f e l t  t o  be s u f f i c i e n t l y  r e l i a b l e .  S ince  t h e  R.W. method 
relies on c u r r e n t  f low i n  t h e  bonding components t o  gene ra t e  s u f f i c i e n t  but  not  
excess ive  hea t  (which could degrade t h e  c e l l  j unc t ion ) ,  i n i t i a l  e f f o r t s  were based 
011 pre-weld measurements of r e s i s t a n c e s  between the e l e c t r o d e s ,  i n t e rconnec to r ,  
and ce l l  i n  o rde r  t o  e s t a b l i s h  go/no-go cond i t ions  of r e s i s t a n c e  t h a t  would impact 
t h e  weld process.  The hea t  genera ted  i n  the weld bond w a s  then  r e l a t e d  t o  charac- 
terist ics of t h e  weld pulse  such as c u r r e n t  and energy flow so  t h a t  cond i t ions  of  
over  (excess  mel t ing)  and under ( i n s u f f i c i e n t  h e a t )  welding could be es t imated  f o r  
each i n d i v i d u a l  weld (ref. s 11, 1 2 ,  13 & 14). 

These of course  are  secondary approaches t o  account ing f o r  a c t u a l  hea t  flow 
alr t h e  bond s u r f a c e ,  but  have proven t o  be reasonably  r e l i a b l e .  For example, i n  
one s tudy ,  t h e  a p p l i c a t i o n  of t h e s e  methods w a s  eva lua ted  a g a i n s t  weld p u l l  
s t r e n g t h s  and i t  w a s  determined t h a t  f o r  a moderately l a r g e  sample s i z e ,  it w a s  
p o s s i b l e  t o  i d e n t i f y  nea r ly  92.5% of t h e  bad welds (over  o r  under welds) ( r e f .  11). 
During t h i s  per iod  AEG Telefunken r epor t ed  t h a t  they had accumulated exper ience  
wi th  over one hundred thousand weld processes ,  a s i g n i f i c a n t  quan t i ty .  

I n  t h e  U.S. encouraging thermal cycle r e s u l t s  were r epor t ed  us ing  u l t r a s o n i c  
welding and s i l v e r  in te rconnec ts .  After 700 cyc le s  of a s imulated GEO environment 
no e l e c t r i c a l  degrada t ion  w a s  observed f o r  sample tes t  modules. However, i t  was 
noted t h a t  so ldered  samples performed as w e l l  ( r e f .  15). 

TECHNOLOGY EVOLUTION-QUALITY ASSURANCE CONCERNS (1975-1982) 

By 1975 t h e  European program was moving r a p i d l y  w i t h  a v a r i e t y  of new welded 
s o l a r  arrays being assembled f o r  missions.  I n  f a c t  5 space p r o j e c t s  were w e l l  
underway, and t h e  number of weld j o i n t s  t h a t  had been made w a s  es t imated  t o  be 
w e l l  over a m i l l i o n  ( r e f .  13) .  However, t h i s  w a s  no t  t o  imply t h a t  t h e  R.W. 
method w a s  completely reduced t o  p r a c t i c e  s i n c e  work on weld parameter op t imiza t ion  
and on inp rocess  c o n t r o l s  cont inued t o  be publ ished.  For example, work cont inued 
on determina t ion  of an  optimum range f o r  t h e  para l le l  gap weld pu l se  durat ion.  
This w a s  of i n t e r e s t  s i n c e  a number of s t u d i e s  had shown t h a t  good welds (based on 
p i i l l  s t r e n g t h s  and c e l l  electrical  e f f e c t s )  could be achieved f o r  a wide range of 
p u l s e  du ra t ions  as  long  as t h e  p u l s e  vo l t age  w a s  s imul taneous ly  a d j u s t e d  ( r e f .  s 
4 & 13). Along wi th  earlier r e s u l t s  ( r e f .  s 7 & 1 4 ) ,  t h e  new work i n d i c a t e d  an  
optimum dura t ion  of approximately 100 msec ( r e f .  13). Also t h i s  t i m e ,  AEG T e l e -  
funken proposed t h a t  t h e  weld pu l se  shape be changed from the  "s tandard" rectan-  
g u l a r  wave t o  a t r a p e z o i d a l  shape ( r e f .  13). 

In t h e  U.S., similar a c t i v i t i e s  w e r e  conducted a l though aga in  without  any 
s i g n i f i c a n t  f l i g h t  program a p p l i c a t i o n .  The use  of a combination of  preweld, i n  
weld, and post weld tests w a s  examined and found t o  be a reasonable  p r e d i c t o r  of 
weld s t r eng th .  I n  f a c t ,  one s tudy  showed a 93% c o r r e l a t i o n  could be made wi th  ac- 
c e p t a b l e  bond q u a l i t y  ( r e f .  1 7 ) ,  a va lue  s u r p r i s i n g l y  similar t o  European r e s u l t s  
publ ished somewhat earlier. 

The s i m i l a r i t y  of the U.S. and European e f f o r t s  and r e s u l t s  t o  t h i s  po in t  can 
be d rama t i ca l ly  shown by examining t h e  d a t a  presented f o r  independent weld optimi- 
z a t i o n s  done on similar in t e rconnec t  systems. 
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In 1970 AEG Telefunken  r e p o r t e d  t h a t  Ag ( 5  UM) p l a t e d  molybdenum (30 vM) c o u l d  
b e  b e s t  welded w i t h  t h e  f o l l o w i n g  c o n d i t i o n s  ( r e f .  7 ) :  

p r e s s u r e  = .75 + 2.5 kg 
d u r a t i o n  = 100 m s e c  
v o l t a g e  = .65V f r o n t ,  .7OV rear 

In 1974 Lockheed r e p o r t e d  t h a t  optimum c o n d i t i o n s  f o r  a similar i n t e r c o n n e c t  system 
were ( r e f .  14):  

p r e s s u r e  = .68 kg 
d u r a t i o n  = 100 msec 
v o l t a g e  = .64V f r o n t ,  .72V rear 

The r e s u l t s  are very  similar. I n  view of  t h e  many p o s s i b l e  s u b t l e  d i f f e r e n c e s  i n  
cel ls  and i n t e r c o n n e c t o r s  such  as c o n t a c t  t h i c k n e s s e s ,  s u r f a c e  smoothness,  and 
p l a t i n g  methods, t h e s e  r e s u l t s  i n d i c a t e  a s t r o n g  c o n s i s t e n c y  i n  t h e  R.W. weld 
process .  

A f t e r  1976, less welding work w a s  be ing  r e p o r t e d ,  b u t  t h e  concern  f o r  NDE 
methods w a s  s t i l l  ev ident .  C l e a r l y  t h e  problem of i n d i v i d u a l  weld i n t e g r i t y  has  
n o t  been solved.  Both U.S. and European e f f o r t s  r e p o r t  encouraging  r e s u l t s  i n  
u s i n g  I n f r a r e d  ( I R )  moni tor ing  t o  d e t e c t  t h e  tempera ture  of  t h e  weld. Although 
d e t e c t i o n  of h e a t  from p o r t i o n s  of  t h e  i n t e r c o n n e c t o r  and weld e l e c t r o d e s  can 
i n t e r f e r e  w i t h  a c t u a l  tempera ture  measurement a t  t h e  bond l i n e  ( r e f .  18), t h e  
method i s  f e l t  t o  b e  s u f f i c i e n t l y  u s e f u l  t h a t  i t  h a s  been i n c o r p o r a t e d  Fnto one 
m a n u f a c t u r e r ' s  weld process .  I n  p r a c t i c e  t h e  d e t e c t e d  thermal  s i g n a l  i s  used t o  
t e r m i n a t e  t h e  weld p u l s e  when a p r e s e t  I R  s e n s o r  o u t p u t  v a l u e  i s  measured, compen- 
s a t i n g  f o r  v a r i a t i o n s  i n  t h e  ce l l s  and i n t e r c o n n e c t o r s  ( r e f .  19). 

Competi t ive a l t e r n a t e s  cont inued  t o  show p r o g r e s s  on b o t h  c o n t i n e n t s .  The 
MBB p u l s e  weld method i s  combined w i t h  Ag mesh t o  p r o v i d e  C I C  a s s e m b l i e s  f o r  I n t e l -  
s a t  V ( r e f .  20). Hughes A i r c r a f t  determined t h a t  t h e  small bonds o b t a i n e d  w i t h  
u l t r a s o n i c  s p o t  welding methods w e r e  unacceptab le  and developed a r o t a r y  u l t r a s o n i c  
seam welder  t h a t  when used w i t h  Ag mesh can p r o v i d e  a s t r o n g  and h i g h l y  redundant  
i n t e r c o n n e c t  sys tem ( r e f .  3). Advanced methods s u c h  as laser welding c o n t i n u e  t o  
r e c e i v e  s u p p o r t  ( r e f a ' s  21 & 22).  

CONCLUSION 

A review of weld technology developments shows many s imilar i t ies  between t h e  
U.S. and European e f f o r t s .  The major d i f f e r e n c e  has been one of f l i g h t  hardware 
exper ience .  A t  t h e  same t i m e ,  w i t h  t h e  e x c e p t i o n  of  t h e  h i g h  tempera ture  H e l i o s  
m i s s i o n ,  t h e  envi ronmenta l  requi rements  of t h o s e  welded a r r a y s  f lown c o u l d  have 
been m e t  by u s e  of s o l d e r ,  somewhat m i t i g a t i n g  t h e s e  as f u l l  endorsements of weld 
c a p a b i l i t i e s .  I n  f a c t ,  i t  i s  t h e  i n f l u e n c e  of  a number of  secondary f a c t o r s ,  
shown i n  Table  1, r a t h e r  t h a n  b a s i c  d i f f e r e n c e s  i n  welding c a p a b i l i t i e s  t h a t  have 
determined t h e  use  of welding f o r  s p a c e  a p p l i c a t i o n s .  

E x t e n s i v e  work on weld o p t i m i z a t i o n ,  when combined w i t h  pre-weld and in-weld 
moni tor ing ,  h a s  l e a d  t o  a f a i r l y  r e l i a b l e  t e c h n i q u e  on b o t h  c o n t i n e n t s .  U l t i m a t e l y  
a tempera ture  d e t e c t i o n  sys tem might prove more v a l u a b l e  t h a n  t h e  weld p u l s e  moni- 
t o r i n g  methods commonly used s i n c e  i t  should  a v o i d  u n c e r t a i n i t i e s  involved  i n  the 
i n d i r e c t  measurement of  t h e  bond temperature .  
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Yhe s i n g l e  most s i g n i f i c a n t  inpediment t o  weld technology a c c e p t a n c e  i s  t h e  
l a c k  of a non d e s t r u c t i v e  i n s p e c t i o n  technique  t o  e v a l u a t e  a n  i n d i v i d u a l  bond. Re- 
c e n t  work on viewing of t h e  i n t e r n a l  weld s t r u c t u r e ,  u s i n g  I R  and  u l t r a s o n i c  tech-  
n i q u e s  ( r e f .  s 19 & 23) may p r o v i d e  a s o l u t i o n  t o  t h i s  l i m i t a t i o n  and l e a d  t o  f u l l  
c o n f i d e n c e  i n  t h e  welding process .  
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Table 1 

Fac tors  Inf luenc ing  Weld Development 

0 Pass iva ted  C e l l  Contact 

Aluminum C e l l  Contact 

Cell-Interconnector-Cover Assembly 

Redundant In te rconnec t ions  

Hel ios  Near-Sun Probe 

Pre-Weld, In-Weld Monitoring 

NDE Techniques f o r  Bond Evalua t ion  

0 

0 

0 

0 

0 

0 
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