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SUMMARY 

A p a r t  o f  t h e  t o t a l  h igh -dens i ty ,  b r a i d e d  s h i e l d  development work 
w a s  devoted  t o  e v a l u a t i n g  e l e c t r o m a g n e t i c  r a d i a t i o n  (EMR) b r a i d e d  
s h i e l d  s o l d e r  t e r m i n a t i o n s .  Because f i e l d  hand l ing  and e x c e s s i v e  
f l e x i n g  of  c a b l e s  lowers  t h e  e f f e c t i v e n e s s  of EMR s h i e l d i n g ,  f a t i g u e  
f a i l u r e  d a t a  is e s s e n t i a l  f o r  de t e rmin ing  t h e  l i f e  expectancy and 
f u t u r e  d e s i g n  of  c a b l e s .  

Cables were b e n t  v e r t i c a l l y  a c r o s s  a 0.375-inch-diameter ( 9 . 5  mm) 
mandrel  ( 0  t o  180 t o  0 d e g r e e s )  f o r  100 c y c l e s .  Wire breakage 
averaged  about  1 6  p e r c e n t  of  t h e  b r a i d .  The test w a s  r e p e a t e d  
u s i n g  a 0.50-inch-diameter (12 .7  rnm) mandrel  w i t h  breakage 
ave rag ing , abou t  1 2  p e r c e n t .  The impregna t ion  of t h e  b r a i d  w i t h  
c e l l u l o s e  n i t r a t e ,  where p r a c t i c a l ,  c r e a t e s  a more uniform stress 
d i s t r i b u t i o n  and t h e r e b y  i n c r e a s e s  t h e  c a b l e  f a t i g u e  l i f e .  

E f f o r t s  d i r e c t e d  toward deve lop ing  a t echn ique  f o r  n o n d e s t r u c t i v e l y  
e v a l u a t i n g  t h e  q u a l i t y  of t h e  s o l d e r e d  braid  t e r m i n a t i o n  proved 
promis ing .  I n i t i a l  n o n d e s t r u c t i v e  tes t  r e s u l t s  on s o l d e r  j o i n t s  
produced a f ami ly  of c u r v e s  which compared d i r e c t l y  t o  t h e  b reak ing  
s t r e n g t h  of t h e  j o i n t s  when p u l l  t e s t e d .  F u r t h e r  development 
w i l l  i n v o l v e  app ly ing  t h e  t echn ique  t o  braid-to-EMR hardware 
t e r m i n a t  i o n s .  



DISCUSSION 

SCOPE AND PURPOSE 

T h i s  work w a s  performed as p a r t  of an o v e r a l l  e f f o r t  t o  develop 
new and improved t e c h n i q u e s  f o r  t e r m i n a t i n g  e l e c t r o m a g n e t i c  
r a d i a t i o n  EMR s h i e l d i n g  t o  t h e  EMR hardware.  S h i e l d s  t e r m i n a t e d  
by p r e s e n t  methods can be  damaged when s u b j e c t e d  t o  e x c e s s i v e  
f i e l d  hand l ing  and usage.  

PRIOR WORK 

P r i o r  work on t h i s  endeavor w a s  devoted p r i m a r i l y  t o  b r a i d i n g  
h i g h  d e n s i t y  EMR s h i e l d i n g  and t o  t h e  n o n d e s t r u c t i v e  d e t e c t i o n  
of b r a i d  d e f e c t s  on c a b l e s  having such s h i e l d s .  Repor t s  concern ing  
t h i s  work are l i s t e d  i n  t h e  References  

ACTIVITY 

Bend T e s t  

A f a t i g u e  t e s t i n g  program w a s  developed which c l o s e l y  resembled 
t h e  mode of f a i l u r e  s een  on s i n g l e  b r a i d e d  p u l l o u t  c a b l e s  du r ing  
hand l ing  and usage .  Equipment p r e v i o u s l y  used  on a t w i s t  test2 
w a s  modi f ied  f o r  t h e  program. F i g u r e  1 shows t h e  bend tes t  
c o n f i g u r a t i o n .  

T e s t  c a b l e s  s imilar  t o  t h e  p u l l o u t  c a b l e  were f a b r i c a t e d ,  except  
t h a t  t h e  a c t u a l  connec to r s  w e r e  r e p l a c e d  wi th  b r a s s  p l u g s  having 
t h e  same dimensions .  ( B r a s s  p l u g s  a r e  bo th  less expens ive  and 
r e u s a b l e . )  F i g u r e  2 shows t h e  t e s t  c a b l e .  The i n d i v i d u a l  w i r e s  
w i t h i n  t h e  cable were no t  a t t a c h e d  t o  t h e  b r a s s  p lug  b u t  were 
a t t a c h e d  t o  a r i n g  and h e l d  i n  p l a c e  w i t h  aluminum-oxide-fi l led 
epoxy. 

Because of  c r o s s  conductance between s h i e l d  w i r e s ,  r e s i s t a n c e  
measurements could  n o t  d e t e c t  t h e  breakage of i n d i v i d u a l  w i r e s .  
The s o l u t i o n  t o  t h i s  problem w a s  t h e  u s e  of i n s u l a t e d  copper magnet 
w i r e  f o r  t h e  b ra ided  s h i e l d  and f o r  measur ing t h e  change i n  
p o t e n t i a l  ( c o n s t a n t  c u r r e n t )  as .  t h e  w i r e s  broke.  With t h i s  
method, i n d i v i d u a l  wires could  n o t  cross-conduct  and a change 
i n  p o t e n t i a l  w a s  d e t e c t e d  when 1 w i r e  o u t  of 216 broke .  The 
e l e c t r i c a l  schemat ic  of t h e  system is shown i n  F i g u r e  3 .  

I n i t i a l l y ,  10  specimens w e r e  t e s t e d ,  one a t  a t i m e ,  t o  de te rmine  
t h e  accuracy  of t h e  moni tor ing  equipment. Af ter  a g iven  number 



F i g u r e  1. Bend T e s t  C o n f i g u r a t i o n  

of f a t i g u e  c y c l e s ,  t h e  u n i t  under  t e s t  was s t r i p p e d  of  t h e  
neoprene i n s u l a t i o n  and v i s u a l l y  i n s p e c t e d  t o  v e r i f y  e lect r ical  
count  of  broken wires. One c y c l e  is a bend from 0 t o  180 and 
back t o  0 degrees ( F i g u r e  1 ) .  

T e s t i n g  w a s  conducted on 30 u n i t s  i n  g roups  of  1 5 .  Each u n i t  
underwent a t o t a l  of 100 c y c l e s .  The range  of d a t a  u s i n g  a 
0.375-inch-diameter (9.5 rnm) mandrel is shown i n  Table  1. 

The t e s t  w a s  r e p e a t e d  u s i n g  a 0.50-inch-diameter (12 .7  rnm) 
mandrel .  The range  of r e s u l t s  is a l s o  shown i n  Table  1. F i g u r e  4 
compares t h e  average  w i r e  breakage c y c l e s  of t h e  two tests.  

Although some random breakage occu r red ,  t h e  g e n e r a l  r u l e  w a s  
t h a t  b reakage  occu r red  a t  s p e c i f i c  p o i n t s  w i t h  a l l  wires i n  a 
g iven  carrier break ing  as i l l u s t r a t e d  i n  F i g u r e  5. 



Figure  2. T e s t  Cable 

Because b r a i d  f a i l u r e  occurred  where t h e  c a b l e  w a s  f l e x e d ,  it 
became apparent  t h a t  work d e a l i n g  wi th  improving t h e  b r a i d  t o  EMR 
hardware t e rmina t ions  should be r e d i r e c t e d  toward developing 
techniques  which would d i s t r i b u t e  t h e  stress concen t ra t ion  away 
from t h e  p o i n t  of bending. 

The e f f e c t s  of us ing  c e l l u l o s e  n i t r a t e  (impregnated i n t o  t h e  
b r a i d )  t o  create a more uniform stress d i s t r i b u t i o n  were s t u d i e d .  
Among t h e  10 u n i t s  bent  around t h e  0.375-inch (9 .5  mm) mandrel, 
t h e r e  appeared t o  be no s i g n i f i c a n t  d i f f e r e n c e .  The 10 u n i t s  
bent  around t h e  0.50-inch (12.7 mm) mandrel showed an average 
decrease  of approximately one-half i n  t h e  number of w i r e s  broken. 

Nondestruct ive Evalua t ion  Of Solder  J o i n t s  

Because much RF leakage occurs  around cracked s o l d e r  j o i n t s  a t  
t h e  shield-to-hardware junc t ion ,  t h i s  in te rconnec t ion  w a s  i n v e s t i -  
ga ted .  Other d e f e c t s  t h a t  adverse ly  a f f e c t  t h e  s t r e n g t h  of a 
s o l d e r  bond, such as gaps and uneven a r e a s  of c o n t a c t ,  could a l s o  
a f f e c t  EMR c h a r a c t e r i s t i c s .  

Work began wi th  a s tudy of t h e  s imples t  type  of s o l d e r  j o i n t ,  
overlapped buss  wires. I n i t i a l  e f f o r t s  were aimed at c o r r e l a t i n g  
some type  of NDT r e s u l t s  wi th  p u l l - t e s t  d a t a .  
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Figure  3. Bridge C i r c u i t  

When a j o i n t  is formed between two p i e c e s  of metal, t h e  con tac t ing  
s u r f a c e  w i l l  be  less than  100 pe rcen t  because of t h e  i r r e g u l a r i t i e s  
of t h e  two s u r f a c e s .  The r e s i s t a n c e  of such a j o i n t  would be 
expected t o  be p r o p o r t i o n a l  t o  t h e  area of t h e  con tac t ing  s u r f a c e .  
The c u r r e n t  d e n s i t y  i n  t h e  p o i n t s  of good con tac t  is higher  than  
i n  t h e  areas of poor c o n t a c t .  Th i s  r e s u l t s  i n  inc reased  hea t ing  
i n  t h e  j o i n t  which i n  t u r n  causes  t h e  r e s i s t a n c e  t o  i n c r e a s e  
because of t h e  p o s i t i v e  temperature c o e f f i c i e n t .  The i n c r e a s e  i n  
r e s i s t a n c e  w i t h  c u r r e n t  i$ higher  i n  bonds where t h e  area of good 
con tac t  is smal le r .  

I t  w a s  f e l t  t h a t  non l inea r  c o n s t r i c t i o n  r e s i s t a n c e  evalua ted  a t  
high c u r r e n t  d e n s i t i e s  would g i v e  b e t t e r  r e s u l t s  than  convent ional  
r e s i s t a n c e  measurements. I n  both  c a s e s ,  t h e  mass of s o l d e r  



Tab le  1. F a t i g u e  Cycles  Versus  Breakage 

Breakage On Breakage On 
0.375-Inch-Diameter 0.50-Inch-Diameter 

Cyc les  ( 9 . 5  mrn) Mandrel (12 .7  rnrn) Mandrel 

p r e s e n t  i n  a s o l d e r  j o i n t  would a f f e c t  t h e  c r o s s - s e c t i o n a l  area 
of conduc tor  a t  t h e  j o i n t .  T h i s  is  n o t  a s e r i o u s  d e t e r r e n t ,  
however, because  most p roduc t ion  s o l d e r  j o i n t s  do no t  have 
e x c e s s i v e  s o l d e r  p r e s e n t .  

The u s e  of c o n s t r i c t i o n  measurements f o r  e v a l u a t i n g  e l e c t r i c a l  
c o n t a c t s  is  wide ly  d i s c u s s e d  i n  t h e  l i t e r a t ~ r e . ~ ' ~ "  s e v e r a l  - 

methods of  measuring t h e s e  n o n l i n e a r  c h a r a c t e r i s t i c s  have been 
r e p o r t e d  on,  such a s  t h i r d  harmonic g e n e r a t i o n g  and measurement 
of a d c  component o b t a i n e d  from t h e  demodulation e f f e c t s  of t h e  
n o n l i n e a r i t y .  No r e f e r e n c e ,  however, ha s  r e p o r t e d  any t echn ique  
suppor t ed  by any k ind  of  d a t a .  

An e q u a l  number of good and bad s o l d e r  j o i n t s  were f a b r i c a t e d  by 
an expe r i enced  p roduc t ion  o p e r a t o r .  Each j o i n t  w a s  t o  have t h e  
same mass of  s o l d e r  showing. A l l  j o i n t s  were of over lapped  24- 
gage c o l d  drawn copper  w i r e  ( F i g u r e  6 ) .  Twenty of t h e s e  j o i n t s  
were s u b j e c t e d  t o  bo th  d e s t r u c t i v e  and n o n d e s t r u c t i v e  e v a l u a t i o n .  

I n i t i a l  e f f o r t  w a s  t o  pump t h e  bonds w i t h  an ac c o n s t a n t  c u r r e n t  
s o u r c e ,  ampl i fy  t h e  v o l t a g e  drop  a c r o s s  t h e  bond, and perform a 
real t i m e  power s p e c t r a l  d e n s i t y  a n a l y s i s  on t h i s  v o l t a g e .  Any 
n o n l i n e a r i t i e s  w i th  r e s p e c t  t o  c u r r e n t  shou ld  produce a measurable  
harmonic c o n t e n t .  According t o  Homes, t h i s  n o n l i n e a r  r e l a t i o n -  
s h i p  is  
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Figure  4 .  Average Wire Breakage Versus  180 Degree Bend Cycles  

AT SPECIFIC POINTS 

F i g u r e  5. F a t i g u e  Wire Breakage 
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F i g u r e  6. Overlapped S o l d e r  J o i n t  
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where 

R is c o n s t r i c t i o n  r e s i s t a n c e ,  u 

I is c u r r e n t ,  

T is t e m p e r a t u r e ,  

T is  room t empera tu re ,  and 
0 

L is a c o n s t a n t .  

T h i s  method of  measuring c o n s t r i c t i o n  r e s i s t a n c e  w a s  no t  s u c c e s s f u l  
because  t h e  thermal  r e sponse  t i m e  of t h e  bond w a s  much longe r  
t h a n  t h e  lowes t  o p e r a t i n g  p e r i o d  of a v a i l a b l e  a c  c u r r e n t  s o u r c e s .  

I 

The nex t  e f f o r t  w a s  t o  make d c  r e s i s t a n c e  measurements as a 
f u n c t i o n  of  c u r r e n t .  These data y i e l d e d  t h e  f ami ly  of  c u r v e s  
shown i n  F i g u r e  7 .  R e s i s t a n c e  measurements w e r e  t aken  i n  t h e  
Bendix Metrology Labora tory  u s i n g  a Leeds & Northrup Model 7556-1 
guarded n u l l i n g  p o t e n t i o m e t e r  and a p r e c i s i o n  c u r r e n t  s o u r c e  
des igned  and b u i l t  by t h e  Metrology Labora tory .  The accuracy  of 
t h i s  combinat ion f o r  measur ing r e s i s t a n c e  is c e r t i f i e d  t o  be  
t0.025 p e r c e n t .  

F i g u r e  7 shows t h a t  t h e  i n c r e a s e  i n  r e s i s t a n c e  w i t h  r e s p e c t  t o  
c u r r e n t  is  g r e a t e r  w i t h  t h e  bonds having lower b reak ing  s t r e n g t h .  
F i g u r e  8 shows t h e  d i f f e r e n c e  between t h e  r e s i s t a n c e  a c r o s s  t h e  
bond and t h e  r e s i s t a n c e  a c r o s s  an a d j a c e n t  p i e c e  of w i r e  on t h e  
Y a x i s  and t h e  p u l l  test  b reak ing  s t r e n g t h  on t h e  X a x i s  a t  a 
c u r r e n t  l e v e l  of 1 ampere. F i g u r e  9 shows t h e  same in fo rma t ion  
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a t  a c u r r e n t  l e v e l  of  15 amperes. The s p r e a d  i n  t h e  d i f f e r e n c e  
between t h e  two r e s i s t a n c e  v a l u e s  has  i n c r e a s e d  because of t h e  
p r e f e r e n t i a l  h e a t i n g  of t h e  weaker bonds.  

These r e s u l t s  are p r e l i m i n a r y  b u t  encouraging.  While t h e  graph 
of  r e s i s t a n c e  v e r s u s  p u l l  t es t  f o r c e  shows a d e f i n i t e  r e l a t i o n s h i p ,  
t h e  group of good j o i n t s  shows a s p r e a d  of about  30 micro-ohms 
w h i l e  t h e  d i f f e r e n c e  between t h e  mean v a l u e  of  good and poor  
bonds is about  50 micro-ohms. F o r t u n a t e l y ,  t h e  r e a l l y  bad bonds 
show d rama t i c  d i f f e r e n c e s .  
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Figure 9. Current Versus Pull Strength at 15 Amperes 



ACCOMPLISHMENTS 

Results of a bend testing program simulating the fatigue failure 
,-. of single braided pullout cables during handling and use will 

serve as guidelines for future design of cables having a similar 
configuration. It was found that the fatigue life of the braid 
on some cables can be increased by impregnation with cellulose 
nitrate. 

The investigations also led to a nondestructive tecgnique for 
evaluating the quality of solder joints. Although more testing 
and development work is necessary for application on braid 
terminations, the results are promising. 

FUTURE WORK 

Future work will be directed toward improving the resolution 
between good and poor solder bonds and using the techniques 
developed to evaluate braid terminations. 

Specifically, the work will include the investigation of thermo- 
electric effects and data reduction techniques to relate the 
slope of the constriction resistance characteristic to destructive 
testing. The investigation will attempt to relate nondestructive 
test data to the probability of breakage of the braid-to-ferrule 
bond under flexural tests and the consequent increase in leakage. 
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