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ABSTRACT 

As a r e s u l t   o f   t h e   m i s m a t c h   o f   t h e   e l o n g a t i o n  
c h a r a c t e r i s t i c s   o f   c o n d u c t o r s  and k e v l a r  
strength-members i n  undersea  e lec t romechan i -  
c a l   c a b l e s ,   t h e   N a v a l  Air Development  Center 
i n i t i a t e d  an i n v e s t i g a t i o n   o f   c o p p e r - c o a t e d  
k e v l a r .  The m e t a l l i z e d   k e v l a r  was developed 
t o  be  used  as  both  conductor and s t r e n g t h -  
member i n  e-m c a b l e s .   B o t h   k e v l a r  29 and 
k e v l a r  49  were  evaluated.   Three  c leaning 
me thods ,   two   e lec t ro less   coa t ings ,   and   t h ree  
t h i c k n e s s e s   o f   e l e c t r o d e p o s i t e d   c o p p e r   w e r e  
a p p l i e d   t o   e a c h   t y p e   o f   k e v l a r ,   r e s u l t i n g   i n  
t w e n t y   v a r i a t i o n s   o f   m a t e r i a l .   T e n s i l e   t e s t s  
and  dc  res is tance  measurements  were made t o  
d e t e r m i n e   t h e   b e s t   p r o c e s s   o f   m e t a l l i z a t i o n  
and b e s t   c a n d i d a t e   c o p p e r - c o a t e d   k e v l a r   y a r n  
f o r   u n d e r s e a   c a b l e s .   T h e   e f f o r t   r e s u l t e d  i n  
s t r o n g ,   c o n d u c t i v e   k e v l a r   a n d   i n d i c a t e d  
d i r e c t i o n   f o r   f u r t h e r   d e v e l o p m e n t   l e a d i n g   t o  
t h e   f a b r i c a t i o n   o f   m e t a l l i z e d   k e v l a r   c a b l e s .  

INTRODUCTION 

The  development o f   s m a l l   d i a m e t e r   k e v l a r  
e lec t romechan ica l   cab les   has  been a con- 
t i n u i n g   p r o c e s s   a t   t h e   N a v a l  Air Development 
Center   s ince  1973,  and k e v l a r  has r e p l a c e d  
s t e e l  as t h e   s t r e n g t h  member i n   s e v e r a l   s o n o -  
buoy  cables.  A recent   development   which 
shows p r o m i s e   o f   h a v i n g   a p p l i c a t i o n   i n   u n d e r -  
w a t e r   c a b l e s   i s   t h e   m e t a l l i z a t i o n   o f   k e v l a r .  
C o p p e r - c o a t e d   k e v l a r   h a s   t h e   p o t e n t i a l   t o  be 
bo th   conduc to r   and   s t reng th  member i n  
e lect romechanica l   cables;   however ,  i n   t h e  
p r o c e s s   o f   r e n d e r i n g   t h e   k e v l a r   c o n d u c t i v e ,  
t h e   t e n s i l e   s t r e n g t h  and f l e x i b i l i t y  o f  t h e  
kev la r   mus t   be   p rese rved .  An e f f o r t  was 
u n d e r t a k e n   t o   d e t e r m i n e   w h e t h e r   k e v l a r   f i b e r s  
c o u l d  be made e f f e c t i v e   c o n d u c t o r s   w h i l e  
r e t a i n i n g   t h e i r   s t r e n g t h ,  as a f i r s t   s t e p  
toward   deve lop ing  an e lec t romechan ica l   cab le  
u s i n g   m e t a l l i z e d   k e v l a r .  

BACKGROUND 

The a v a i l a b i l i t y   o f  d u P o n t   K e v l a r   f i b e r s  
has  brought   about  a r e v o l u t i o n a r y   c h a n g e   i n  
t h e   f i e l d   o f   m a r i n e   e l e c t r o m e c h a n i c a l   c a b l e s .  
By u s i n g   k e v l a r   i n s t e a d   o f   s t e e l  as t h e  
s t r e n g t h  member i n   c a b l e s ,   r e d u c t i o n s   i n   b o t h  

w e i g h t  and s i ze   have   been   ob ta ined   w i thou t  
s a c r i f i c i n g   s t r e n g t h ,   o r   c o n v e r s e l y ,   s t r o n g e r  
cables  have  been made i n   t h e  same s i z e . l  
A l t h o u g h   t h e   a d v a n t a g e s   o f   u s i n g   k e v l a r   i n  
p l a c e   o f   s t e e l   w e r e   s i g n i f i c a n t ,   t h e   t r a n -  
s i t i o n  was no t   a lways  a s i m p l e  one. K e v l a r  
was s u s c e p t i b l e   t o   h a n d l i n g   p r o b l e m s  and 
a b r a s i o n ,   a n d   e a r l y   c a b l e s   e x h i b i t e d   w i d e  
v a r i a t i o n   o f   b r e a k s t r e n g t h . * y 3   A w a r e n e s s   o f  
t h e   u n i q u e   c h a r a c t e r i s t i c s   o f   k e v l a r ,   c a r e   i n  
hand l i ng ,  and t h e   a v a i l a b i l i t y   o f   k e v l a r   w i t h  
v a r i o u s   o i l  and  waxed f i n i shes   have   improved  
t h e   c o n s i s t e n c y   o f   k e v l a r   c a b l e   p r o p e r t i e s  
and   have   ra i sed   t he   con f idence  wi th  wh ich  
they   a re   used .  

One p r o b l e m   w h i c h   a r o s e   v e r y   e a r l y   i n   t h e  
deve lopmen t   o f   sma l l   kev la r   mar ine   cab les  was 
t h e   i n c o m p a t i b i l i t y   o f  th? s t r e s s - s t r a i n  
c h a r a c t e r i s t i c s   o f   k e v l a r  a n d   t h o s e   o f   t h e  
~ o n d u c t o r . ~ ~ ~ , 5   K e v l a r   e x h i b i t s   e l a s t i c  
e longa t ion   o f  2 t o  4 p e r c e n t   t o   b r e a k ;  
whereas ,   copper   conduc to rs   reach   p las t i c  
d e f o r m a t i o n   a t   s m a l l   e l o n g a t i o n s  
( a p p r o x i m a t e l y  0.5 p e r c e n t ) .  I n  mar ine  
a p p l i c a t i o n s   i n   g e n e r a l ,   t h e   e l e c t r o m e c h a n i -  
c a l   c a b l e   i s   s u b j e c t e d   t o   b o t h  a s t a t i c   t e n -  
s i o n   l o a d   o f  20 t o  50 p e r c e n t   o f   u l t i m a t e  
s t r e n g t h  and a dynamic   l oad ing   caused   by  
ocean  waves .   Whi le   the   kev la r   s t re tches   and 
r e l a x e s   w i t h   t h e   d y n a m i c   l o a d i n g ,   t h e   c o n d u c -  
t o r ,   o n c e   s t r e t c h e d   b e y o n d   t h e   y i e l d   p o i n t ,  
will buck le .   Repeated   cyc l ing   can   cause 
s e v e r e   z - k i n k i n g  o f  the  conductor   and  even-  
t u a l   l o s s   o f   e l e c t r i c a l   c o n t i n u i t y .  

One s o l u t i o n   t o   t h e   i n c o m p a t i b i l i t y  o f  
t h e   s t r e n g t h  member and   conduc to r   e longa t ions  
i s   t o   h e l i c a l l y   s e r v e   t h e   c o n d u c t o r   w i r e s  
around a cen te r   ny lon   mono f i l amen t   co re ,  
b u i l d i n g   e l a s t i c   s t r u c t u r a l   e l o n g a t i o n   i n t o  
t h e   d e s i g n .   T h i s   c o n s t r u c t i o n   i s   b e i n g   u s e d  
i n  some s i n g l e   c o n d u c t o r / s e a w a t e r   r e t u r n  
cables  for   sonar   systems.  A d i f f e r e n t  
p o s s i b l e   a p p r o a c h   t o   t h i s   p r o b l e m   i s   t o   c o a t  
t h e   k e v l a r   f i b e r s   w i t h  a c o n d u c t i v e   m a t e r i a l ,  
mak ing   t he   conduc to r  an i n t e g r a l   p a r t   o f   t h e  
s t r e n g t h  member. M e t a l l i z e d   g r a p h i t e   h a d  
been made b y   e l e c t r o d e p o s i t i n g   c o p p e r   o r  
n i c k e l   o n t o   t h e   c o n d u c t i v e   g r a p h i t e ,   b u t  
s i n c e   k e v l a r  i s  n o n c o n d u c t i v e ,   t h e  same t e c h -  
n i q u e   h a d   n o t   b e e n   a p p l i e d   t o   k e v l a r .  
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Materials  Concepts,  Inc. (MCI), did some 
prel iminary  invest igat ion which ind ica ted  
that   metal l ized  kevlar   could be produced 
through a process  of  precoating and 
e l ec t rop la t ing .  The Naval Air Development 
Center had MCI produce  lengths of 
metall ized  kevlar  varying a  number of 
'parameters   in   the  metal l izat ion  process   to  
achieve a suitable  combination  for  eventual 
use  in  underwater  cables. The meta l l ized  
kevlar  samples were t e s t e d  by t h e  Naval Air 
Development Center   for   s t rength and conduc- 
t i v i t y .  

DISCUSSION 

The process   of   metal l izat ion of kevlar 
cons is ted  of t h ree  steps: c leaning  the 
kevlar  of i t s   f i n i s h   t o   a s s u r e  good bonding 
of the metal t o   t h e  f ibers ,  coat ing  the 
kevlar  with a conductive  undercoat by  an 
e l ec t ro l e s s ,   o r   au toca ty l i t i c   p rocess ,  and 
deposit ing a required  thickness of copper 
onto  the  conduct ive  f ibers  by  an electrodepo- 
s i t ion   p rocess .  The var iab les   tha t  needed t o  
be considered  to   evaluate   metal l ized  kevlar  
thoroughly  included: 

a.  Kevlar 29 vs.   kevlar 49 
b .  Denier of Fiber 
c .  Type of f i n i s h  on f i b e r  
d .  Method of cleaning 
e.  Type of precoat 
f .  Thickness of copper  coating 

The d i f fe rences  between kevlar 29  and 
kevlar  49,   as  they  affect   cables,   are  the 
greater  elongation and t h e  lower cos t  of 
kevlar 29. Both a re   v iab le   mater ia l s   for  
underwater  cables;   therefore,  i t  was con- 
sidered  important  to  use  both  in  this 
inves t iga t ion .  I n  o r d e r   t o   r e s t r i c t   t h e  
number  of va r i a t ions ,  a s e l ec t ion  of  1420 
denier  kevlar 49  and 1500 denier  kevlar 29 
was  made. These  deniers  are  widely  used  for 
cables  and each  contain 1000 f i laments ,  so 
comparisons  could be r e a d i l y  made. 

In order   to   se lec t   the   type  of f i n i s h  and 
cleaning method,  duPont was consulted.  Type 
965 kevlar 49  and type 964 kevlar 29  were 
selected  as  having a l i g h t   o i l   f i n i s h  which 
could be stripped away using  Trichloroethane. 
Cordage or h i g h  l u b r i c i t y   f i n i s h e s  were  con- 
s idered  more d i f f i c u l t  t o  remove or  adhere 
t o ,  and duPont indicated  that   Kevlar  without 
a f i n i s h  was only  suppl ied  re luctant ly  on 
special  request  because the danger of 
damaging t h e   f i b e r  t h r o u g h  handling was much 
higher.  Three  alternate  approaches were cho- 
sen for   the  c leaning  process .  One method was 
t o  use  Trichloroethane,  as recommended by 
duPont; the second was to   use a sodium 
hydroxide-trisodium  phosphate  cleaning  solu- 
t i o n   t h a t  MCI normally  used t o  prepare 
graphi te   f ibers   for   coa t ing   ( re fer red  
he rea f t e r  as the  "standard"  cleaning  method); 
and f ina l ly ,   no t   t o   c l ean   t he   kev la r   a t   a l l ,  

which i f   i t  showed any  promise, would e l imi-  
na t e  a s t e p  from the  metal l izat ion  process .  

Two types of undercoats were  used - 
nickel and  copper. I t  was an t i c ipa t ed   t ha t  
the  nickel  undercoat  could be applied more 
r ap id ly  and adhere  better  than  copper, b u t  
that   the  copper  undercoat  might  result  i n  a 
be t te r   conduct iv i ty   per   weight   ra t io .  The 
i n i t i a l ,   o r  phase I ,  samples were t o  be 
electrocoated  with a 1.0 micrometer  thickness 
of copper,  i.e.,  each of t he  1300  0.0119 mm- 
diameter  f i laments i n  an end  of 1420 denier 
kevlar 49 or  0.013 mm-diameter f i laments   in  
an  end of 1500 denier  kevlar 29 would  have a 
coating  of 0.001-mm t h i c k n e ~ s . ~ ~ ~  Af ter   the  
twelve   var ie t ies  of the  phase I samples, 
l i s t e d  i n  Table I ,  were t e s t e d ,   t h e  most pro- 
mising  combinations were se lec ted   for  
e lec t rocoa t ing  w i t h  thickness of copper of 
0 . 5 p m ,  l.Opm, and  1.5pm. 

Phase I Samples 

Each of the i n i t i a l  samples  were 150 f t .  
in  length and were provided t o   t h e  Naval Air 
Development Center   for   tes t ing.  MCI reported 
d i f f icu l t ies   in   coa t ing   the   kevlar  29 which 
were not  experienced  with  kevlar  49.  After 
the  copper-undercoated  samples  of  kevlar 29 
(Type  964) had  been made and did  not  appear 
t o  be of good qua l i ty ,  MCI consulted d u P o n t  
who now recommended kevlar 29 (Type 962)  as a 
"no f in i sh"   yarn .  The nickel-undercoated 
kevlar 29 samples  were made with  the  type 962 
yarn and  seemed t o  be much improved. The 
kevlar 29 samples  with  the  copper  undercoat 
were  not  repeated w i t h  the   type  962 yarn.  
Table I summarizes the  twelve  phase I 
sampl es . 

TABLE I: INITIAL  SAMPLES OF METALLIZED K N U R  

W E  OF KEVLAR 
AND flNlSH 

K N l A R  49 
(TYPE 965) 

1420 DENIER 

K E "  29 
(TYPE 964) 

1500 DENIER 

KEVL4R 29 
(lYPE 962) 

1500 DENIER 

CLEANING 
METHOD 

STANDARD 

NONE 

TRICHLORO- 
ETHANE 

STANDARD 
NONE 

TRICHLORO- 
ETHANE 

STANDARD 
NONE 

TRICHLORO- 
ETHANE 

UNDERCOAT 

NICKEL 
COPPER 
NICKEL 
COPPER 
NICKEL 
COPPER 

COPPER 

NICKEL 

THICKNESS 
OF COPPER 

1 .O M!CRON 

1.0 MICRON 

1.0 MICRON 
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T e n s i l e   t e s t s  were made on an Instron  ten- 
s i l e  machine  with  pneumatic  grips.  These 
gr ips  were  used previously  in   tes t ing  kevlar  
cables  and were  found t o  resu l t   in  midspan 
breaks  where sp l i t   cy l inde r   g r ip s  d i d  not.3 
For yarn  samples, a t w i s t  was required.  
Using  a  Twist  Multiplier (TM), t he   tw i s t  in 
turns  per  inch was ca lcu la ted  from6 

Turns/in = ___ 73 X TM 
den i e r  

For an optimum twi s t   mu l t ip l i e r  of TM = 1 . 1 ,  
t h e   t u r n s / i n   f o r   t h e  1420 denier  should be 
2.13 and f o r   t h e  1500 denier shou ld  be 2.07. 
B o t h  yarns ,   therefore ,  were twisted  approxi- 
mately 2 tu rns / inch  for the  12-inch  gage 
length   t es ted .  A l t h o u g h  a 50% per  minute 
e longat ion  ra te  commensurate  with  duPont's 
yarn  tes t ing t o  ASTM D2256  was i n i t i a l l y  con- 
s ide red ,  a  slower  pull r a t e  was required t o  
obtain  d .c .   res is tance measurements of t he  
samples  as  they  were  tested. A p u l l   r a t e  of 
0.5 inches/minute was used and d.c. 
resistance  noted  as  load  increased. 

A t yp ica l   r e su l t  of t h e   t e n s i l e   t e s t s   i s  
shown in  f igure 1. As the  load  increased  the 
elongation became l inear   with  tension  unt i l  
break  occurred between 3 and 4 percent 
elongation. The d . c .   r e s i s t a n c e   i n i t i a l l y  
decreased  rapidly  as  the  sample came under 
tension and  was a t  a minimum between  10 and 
30 lbs .  As tension  increased  further,   the dc 
r e s i s t ance  began t o  increase  slowly. The 
increase of r e s i s t ance   a t   t he   po in t  of sample 
break was too  rapid t o  measure. The sample 
mechanical  integrity and e l e c t r i c a l  con- 
t i n u i t y  were essent ia l ly   interdependent .  
When the  metallized  kevlar  sample  broke,  the 
sample became instantaneously an open c i r -  
c u i t .  That t he  dc resis tance  did no t  
increase by an excessive amount  under  high 
loads  (for  example, a t  50% or 80% of u l t imate  
t e n s i l e   s t r e n g t h )  was encouraging  for  the 
eventual u t i l i t y  of metall ized  kevlar  in 
cable   appl ica t ions .  

Along with  the  metallized  kevlar  samples, 
a quant i ty  of the  untreated  kevlar  yarn was 
t e s t ed .  The average  breakstrength of t he  
1420 denier  kevlar 49 yarn was 70.9 l b s .  
(from 11 breaks  with minimum 64.0 lb s .  and 
maximum 75.0 lb s . ) ,   t he  1500 denier  kevlar 29 
(Type 964) yarn was 73.7 lbs. (from 1 1  breaks 
with minimum 70.5 lb s .  and maximum 77.0 
l b s . ) ,  and the  1500 denier  kevlar 29 (Type 
962)  yarn was 69.3 lbs.  (from 10 breaks  with 
minimum 65.5 lb s .  and  maximum 71.5 l b s . ) .  
The average  breakstrengths of the  metal l ized 
samples ( w i t h  10 t o  15 t e s t s  per  sample)  are 
shown in f i g u r e  2 as a percent of t he  raw 
kevlar  yarn  average  breakstrengths.  Overall,  
the   metal l ized  kevlar  49 samples had higher 
s t r eng ths  than the  kevlar  29 samples, b u t  
based on breakstrengths  alone,  i t  would be 
d i f f i cu l t   t o   de t e rmine  a best   cleaning 
method. The standard method appears  to be 

FIGURE 1: PlPlCAL ELONGATION AND  RESISTANCE 
CHANGE WITH LOAD ON METALUZED KNLAR 
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best   for   kevlar  49 with  the  nickel  undercoat, 
b u t  no cleaning shows some advantage  for 
kevlar 49 and kevlar 29 with  copper  under- 
coats .  The t r ich loroe thane   c leaning   i s   the  
poorest method for  kevlar 49 with  nickel 
undercoat and for   kevlar  29 with  copper 
undercoat. 

a r e  shown in   f igure  3 .  The measurements 
r e f l e c t   t h e  minimum values  of  resistance,  
usually  under 20 l b s .  tension.  The kevlar 
29 with  copper  undercoat shows t h a t  good 
adherence of the  copper t o  the  type 964 
kevlar 29 was n o t  obtained. Of the  remaining 
samples,   the most no tab le   t rend   i s   for   the  
r e s i s t ance  of t h e  samples  without  any 
cleaning t o  be low. For the  kevlar  29 with 
nickel  undercoat, no  cleaning gave the  best  
r e s u l t s .  

The average dc r e s i s t ance  of t h e  samples 

FIGURE 2 
COMPARISON OF THE STRENGTH OF I N l W  SAMPLES 

%€%hi@ No- T%&lP- 
E z z 3  OfZzBl 

RRcMToFRAwKNuRmmmRmmi 

670 



C o n s i d e r i n g   b o t h   s t r e n g t h  and r e s i s t a n c e  
m e a s u r e m e n t s ,   a n d   f u r t h e r   c o n s i d e r i n g   t h e  
a d v a n t a g e   o f   s i m p l i f y i n g   t h e   m e t a l l i z a t i o n  
p r o c e s s   w i t h   t h e   l i k e l i h o o d   o f   e v e n t u a l   c o s t  
r e d u c t i o n ,   t h e   p r e f e r r e d   a p p r o a c h  was n o t   t o  
c l e a n   t h e   k e v l a r   b e f o r e   a p p l y i n g   t h e   m e t a l l i c  
undercoat .   Undoubted ly ,   there   a re  many areas 
f o r   m a n u f a c t u r i n g   t e c h n i q u e s  and choices  o f  
m a t e r i a l s   t o  be v a r i e d   t o   o b t a i n   o p t i m u m  o r  
m o s t   c o s t   e f f e c t i v e   m e t h o d s   o f   p r o d u c i n g  
m e t a l l i z e d   k e v l a r ,   b u t   t h e   p r e s e n t   s t u d y  was 
d i r e c t e d   t o w a r d   o b t a i n i n g  a i r s e f u l   p r o d u c t  
w i t h  a v e r y   l i m i t e d   e f f o r t .  The i n i t i a l  
r e s u l t s   d e m o n s t r a t e d  a 1420 d e n i e r   k e v l a r  49 
w i t h   o v e r  90 p e r c e n t   o f   t h e   s t r e n g t h   o f   r a w  
k e v l a r  and a dc r e s i s t a n c e   o f   l e s s   t h a n  
0 . 4 n / f t .  

Phase I 1  Samples 

The  second q u a n t i t y   o f   m e t a l l i z e d   k e v l a r  
was d e s i g n e d   t o   e v a l u a t e   t h e   p r o p e r t i e s  o f  
v a r i o u s   t h i c k n e s s e s  o f  copper   deposi ted on 
t h e   k e v l a r .   A l t h o u g h   t h e   v a r i a b l e   o f  
c l e a n i n g   t h e   k e v l a r   p r i o r   t o   c o a t i n g  was e l i -  
m ina ted ,  i t  was c o n s i d e r e d   i m p o r t a n t   t o   c a r r y  
b o t h   k e v l a r  49  and k e v l a r   2 9   w i t h   t h e   n i c k e l  
and  copper   undercoats   th rough  th is   phase.  
The th i cknesses   o f   copper   depos i ted  on each 
500 f t .  long  sample  were 0 .5pm,  l . O p m ,  and 
1.5+mm. The t w e l v e   v a r i a t i o n s   a r e   l i s t e d   i n  
Tab le  11. These  samples  were  subjected t o  
s e p a r a t e   t e n s i l e  and c o n d u c t i v i t y   t e s t i n g .  

COMPARISON OF RESISTANCES OF INITIAL  SAMPLES 
FIGURE 3: 
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KEMAR 49 KNLAR 29 

b r e a k s t r e n g t h .   B o t h   k e v l a r  49  samples  were 
a l s o   v e r y   s t r o n g   w i t h  l . O , u m  of   copper ,  w i th  
t h e   n i c k e l - u n d e r c o a t e d   k e v l a r  49 i n c r e a s e d   i n  
s t r e n g t h   t o  97% o f   t h e   y a r n   b r e a k s t r e n g t h  and 
the   copper -undercoa ted   samp le   dec reased   to  
89%. A t  t h e  1 . 5 p m  copper   t h i ckness ,   bo th  
k e v l a r  49  samples  have somewhat decreased 
s t r e n g t h .  The k e v l a r  29 samples   a t  l .Opm 
and   1 .5pm  copper   t h i ckness   a re   l ower   i n  
b r e a k s t r e n g t h   b u t   c o n s i s t e n t  i n  t h e  76% t o  
81%  range. 

The t e n s i l e   t e s t s   p e r f o r m e d  on phase I 1  
s a m p l e s   w e r e   i d e n t i c a l   t o   t h o s e  i n  phase I ,  
i.e., t h e   y a r n  was t w i s t e d   a t  2 t u r n s   p e r  
i n c h   a n d   p u l l e d   w i t h  a 12 - inch   gage   l eng th  
o v e r   p n e u m a t i c   g r i p s   a t  0.5 i n c h e s h i n u t e .  
Twenty- f ive  spec imens  o f   each  sample  were 
t e s t e d   t o   b r e a k .   F i g u r e  4 shows the   ave rage  
b r e a k s t r e n g t h s   o f   t h e   m e t a l l i z e d   k e v l a r  
samples as a p e r c e n t a g e   o f   t h e   r a w   k e v l a r  
s t r e n g t h .   T h r e e   o f   t h e   f o u r   t y p e s   o f   k e v l a r -  
u n d e r c o a t   c o m b i n a t i o n s   w i t h  0 . 5 p m  o f   c o p p e r  
a v e r a g e d   o v e r   9 0 %   o f   t h e   k e v l a r  FIGURE 4: W E  EFFECT  OF  COPPER  COAT  THICKNESS 

ON  THE AVERAGE 6REMSTRENGTH OF KEVIAR YARN 

TABLE II: FINAL SAMPLES OF METALUZED K ~ R  M-T W-T W%'#&T 
__ _. - - - - - -. . . . . . . . 

TYPE OF KNLAR 
M m O D  AND flNlSH 

CLEANING 

KEMAR 49 
(TYPE 965) 
1420 DENIER 

NONE 

KEMAR 29 
(TYPE 962) 
1500 DENIER 

NONE 

F i g u r e . 5  shows t h e   r e s u l t s  o f  dc 
res is tance  measurements  on phase I 1  samples. 
The 0 . 5 p m  copper  coverage was s p o t t y   i n  
p laces  and the   bes t   cove rage  was a t t a i n e d  
w i t h   t h e  1 . 5 p m  t h i c k n e s s   c o a t i n g .  The 

UNDERCOAT THICKNESS 
OF COPPER 

NICKEL 0.5 MICRON 
1 .o 
1.5 

COPPER 0.5 MICRON 
1 .o 
1.5 

NICKEL 0.5 MICRON 
1 .o 
1.5 

COPPER 0.5 MICRON 
1 .o 
1.5 



average dc r e s i s t ance   fo r   t he  l.O,um coating 
was 0 .6n l f t .  and for   the  1 .5pm  coat ing was 
l e s s   t h a n   0 . 2 n / f t .  From the  perspect ive of 
dc resistance  only,   the  1.5pm-coated  samples 
were the  best  and the  most cons i s t en t ,  and 
t h e   0 . 5 ~ ~ - c o a t e d  samples the  worst and l e a s t  
cons i s t en t .  The phase I 1  t e s t  samples  were 6 
f t .   l engths ,   t ens ioned  b u t  not  twisted. When 
three   6 - f t .   l en tghs  of the  l .0pm-coated 
kevlar 49 (copper  over  nickel)  were  twisted 
toge ther  and t e s t ed ,  a dc r e s i s t ance  of 0 . 1 6  
f i / f t .  was measured,  whereas  the  untwisted 
samples o f  s ing le  end averaged  0.60fi/f t . ,  
which s h o u l d   y i e l d   0 . 2 0 n l f t .   f o r  3 ends. 
Just as   twist ing  or   braiding of kevlar   f ibers  
a l low  a l l   the   f ibers   to   share   the   load ,  
twis t ing   the   meta l l ized   f ibers  improve the  
conductivity of the  bundle of f i b e r s .  

Further Evaluation 

Considering  the number of parameters 
involved  in  the  metall ization of k e v l a r ,   t h i s  
i n i t i a l   s t u d y  has indicated a  number of 
d i r ec t ions   fo r   fu tu re  work. Some addi t iona l  
observations  should be mentioned.  Although 
MCI eventually was successful  in  coating 
kevlar 29 with "no f in i sh" ,   kevlar  49 was 
r epor t ed   t o  be easier  to  undercoat  with 
copper  than  kevlar  29. I t  was a l s o   e a s i e r   t o  
coat  kevlar 49 with  copper  than  with  nickel 
and eas ie r   to   coa t   kevlar  29 with  nickel  than 
with  copper. The 1.5pm-coated  kevlar 
samples  were s t i f f e r  than  the 0.5 and 1.0km- 
coated  samples b u t  c e r t a i n l y  were f l e x i b l e  
enough t o  be used i n  cables.  The 0.5pm- 
coated  kwlar   sagples  showed  a large  propor- 
t ion  o f  yellow  kevlar  color  indicating 
incomplete  metallic  coverage.,  Copper-coated 
kevlar was a l so  found t o  be solderable  using 
conventional  techniques. 

FIGURE 5: THE  EFFECT OF COPPER  COAT THICKNESS 
ON THE DC RESISTANCE OF METALLIZED KfiGR-- 

NI%?&&T W%T Nl%#!dT W ! d T  

The copper  content of a l .0pm-coated 
1420 denier  kevlar 49 should be equiva len t   to  
an AWG 31 copper  wire  with  approximately 
0 . 1 3 3 f l l f t .  dc resistance  or  about 22 percent 
of t h e  measured r e s i s t ance ,  b u t  t h e  copper 
content of a 1 .5p-coa ted  1420 denier  kevlar 
49 should be equiva len t   to  a copper  wire  bet- 
ween AWG 29  and 30 with  approximately 0 . 1 ~ 2 -  
/ f t .   o r  about 50 percent o f  t h e  measured 
r e s i s t ance .  I t  i s   appa ren t   t ha t  some e f f o r t  
i s   s t i l l   r e q u i r e d  t o  opt imize  the  metal l iza-  
t ion   p rocess ,   espec ia l ly   to   ob ta in  a con- 
s i s t e n t l y  complete  coverage of each f i b e r   i n  
the  kevlar  yarn.   This  study,  requiring,  as 
i t  did,  many va r i ab le s   t o  be examined,  did 
not  concentrate on quali ty  control  measures 
which  can undoubtedly be u t i l i zed   to   ach ieve  
an improved end product. 

The development of  an undersea  cable from 
metall ized  kevlar  will   not be without 
problems. I t  i s   no t  known whether  the  copper 
coating  will   withstand  abrasion,  act   as a 
l ub r i ca t ing   o r   p ro t ec t ive   su r f ace   t o  the 
kevlar ,   or  be an i r r i t a n t   f a c i l i t a t i n g   k e v l a r  
f a i lu re .   Ce r t a in ly ,   t he re   a r e  a  number of 
prospect ive  appl icat ions of copper-coated 
kevlar - as  the  strength-member-conductor of 
a sea-water  cable,  as  the one-way e l e c t r i c a l  
l i nk   t o  an LED-source fo r   s igna l s  up a f i b e r  
op t i c   l i nk ,  and as  strong,  light-weight  con- 
ductive members in  multiple  conductor  array 
cables .  The proposed  continuation  of  this 
e f fo r t ,   t he re fo re ,   w i l l   concen t r a t e  on pro- 
ducing a quantity  of a single  promising  type 
of  metall ized  kevlar  with  well-controlled 
s t rength  and conductivity,   fabricating  insu- 
la ted   cab les  from the   me ta l l i zed   kev la r ,  and 
t e s t ing   t hese   cab le s  under  cycle  loading. 
For this   purpose,   kevlar  49 wi th   e i ther  a 
copper  or  nickel  undercoat  appears  to be t h e  
most  promising  candidate. A copper  thickness 
between  1.0 and 1.5  microns  willbe  sought t o  
optimize  strength and conduct iv i ty .  With 
f u r t h e r  work, the process  of  metall ization 
should be capable  of  being improved s i g n i f i -  
can t ly ,  making undersea  cables  of  metallized 
kevlar   pract icable .  

RESULTS 

Twenty va r i a t ions  of metal l ized  kevlar  
were f ab r i ca t ed  and t e s t ed .  The parameters 
varied  including  type of kevlar,  method of 
cleaning, type o f  undercoating, and thickness 
of  copper  deposited on the  kevlar  yarn.  

The precoat  cleaning  of  kevlar was found 
t o  be of no advantage and sometimes  detrimen- 
t a l   t o   t he   me ta l l i za t ion   p rocess .  

Kevlar 49 (type  965) was better s u i t e d   t o  
the metal l izat ion  process   than  kevlar  29 
( type  964 or   type  962) .  

No s ign i f i can t   d i f f e rence  between nickel 
undercoating and copper  undercoating was 
determined. 
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The  uniformity  of  copper  electrodeposited 
on the  kevlar  was better at the 1.0 and 1.5 
micron  thicknesses than at 0.5 micron. 

Metallized  kevlar  samples  were  found  to 
be capable  of  retaining  more  than 85 percent 
of  the  strength o f  the  untreated  kevlar  while 
achieving low dc  resistances. 

CONCLUSIONS 

Kevlar can be coated  with  copper  through 
a  metallization  process  that has the  capabi- 
lity  of  producing  strong,  low-resistance 
metal 1 ized kevlar  yarn. 

The  results of this  investigation have 
laid the  groundwork  for and indicated  the 
direction for the  optimization of metallized 
kevlar for electromechanical cables. 

Further effort is required to implement 
optimum  application  of  conductive  coating  to 
kevlar and to  fabricate  cables  from  the 
metal 1 ized kevlar  for  dynamic testing. 

RECOMMENDATIONS 

The process of metallizing  kevlar  yarn 
should be improved to  yield  a  well-controlled 
strong  conductive  yarn in quantity. The 
resultant  metallized  kevlar  should be fabri- 
cated into insulated cables and tested under 
dynamic  conditions  of  cyclic loading to eva- 
luate  their  practicapability  for  use as 
undersea  electromechanical  cables. 
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