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©  Insulated  wires  and  electric  cables. 
A  cable,  suitable  for  aircraft  wiring  purposes  comprises: 

at  least  one  metallic  conductor;  a  single  layer  of  an  aromatic 
polyimide  tape,  optionally  coated  with  a  bonding  layer  of  a 
fluorinated  ethylene-propylene  copolymer,  applied  to  the 
conductor  with  an  overlap;  and  an  extruded  outer  layer  based 
on  a  polymer  consisting  of  chains  of  aromatic  rings  linked  by . 
groups  selected  from  -0-,  -S-,  S02-,  -CO-,  and  -CR2-  (where 
R=H  or  alkyl  or  acyl),  of  which  polyether  ketone  (PEEK)  is 
preferred.  The  extruded  layer  is  preferably  oriented. 



T h i s   i n v e n t i o n   r e l a t e s   to  i n s u l a t e d   w i r e s   a n d  

e l e c t r i c   c a b l e s ,   a l l   of  w h i c h   a r e   h e r e i n a f t e r   i n c l u d e d   i n  

t h e   t e r m   ' c a b l e s ' .   The  c a b l e s   of  t h e   i n v e n t i o n   a r e  

p r i m a r i l y ,   b u t   n o t   e x c l u s i v e l y ,   s u i t a b l e   f o r   a i r c r a f t  

w i r i n g   and  o t h e r   e l e c t r o n i c s   p u r p o s e s .  

One  of  t he   more  s u c c e s s f u l   c a b l e s   a t   p r e s e n t   u s e d  

in  t h i s   m a r k e t   i s   t h e   A p p l i c a n t s '   "KPA150"  c a b l e .   In   t h i s  

c a b l e   two  t a p e s   of  a r o m a t i c   p o l y i m i d e   f o i l ,   e a c h   t h i n l y  

c o a t e d   on  b o t h   s i d e s   w i t h   f l u o r i n a t e d   e t h y l e n e - p r o p y l e n e  

c o p o l y m e r   as  a  b o n d i n g   a g e n t ,   a r e   l a p p e d   on  t he   c o n d u c t o r  

e a c h   o v e r l a p p i n g   by  67%  ( n o m i n a l l y )   so  t h a t   e a c h   t a p e   f o r m s  

t h r e e   c o m p l e t e   o v e r l a p p i n g   l a y e r s ,   and  a  p i g m e n t e d   l a c q u e r  

i s   a p p l i e d   to  g i v e   an  a b r a s i o n - r e s i s t a n t   c o a t i n g   t h a t   i s  

r e c e p t i v e   to  p r i n t i n g .  

T h i s   c a b l e   i s   s u i t a b l e   f o r   c o n t i n u o u s   s e r v i c e   a t  

150oC,   and  i s   g e n e r a l l y   s a t i s f a c t o r y ,   t h o u g h   t he   s l i g h t l y  

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

s e a l i n g   r o u n d   t h e  c a b l e   a t   t e r m i n a t i o n s   and  may  r e d u c e   t h e  

l e g i b i l i t y   of  m a r k i n g s ,   and  t he   f l u o r i n e   and  n i t r o g e n  

c o n t e n t s   may  i m p l y   some  t o x i c   h a z a r d   u n d e r   s e v e r e   f i r e  

c o n d i t i o n s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c a b l e   w h i c h  

( i )   has  a t   l e a s t   as  good  t e m p e r a t u r e   r a t i n g ;   ( i i )   has  a  

s m o o t h   s u r f a c e ;   ( i i i )   c o n t a i n s   no ,   or  a t   l e a s t   s u b s t a n t i a l l y  

l e s s ,   f l u o r i n e   and  s u b s t a n t i a l l y   l e s s   n i t r o g e n ;   ( i v )   i s  

e a s i e r   to  m a n u f a c t u r e   and  r e q u i r e s   s i m p l e r   p l a n t ;   a n d  



(v)  can   be  a t   l e a s t   as  low  in   w e i g h t   and  b u l k   a t   t h e   " K P A 1 5 0 "  

c a b l e   (an   i m p o r t a n t   c o n s i d e r a t i o n   as  t h e  w e i g h t   of  c a b l e s  

in   a  m o d e r n   a i r c r a f t   can   be  a  s i g n i f i c a n t   f r a c t i o n   of  t h e  

p a y l o a d ) .  

The  c a b l e   i n   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n  

c o m p r i s e s :   a t   l e a s t   one  m e t a l l i c   c o n d u c t o r ;   a  s i n g l e   l a y e r  

of  an  a r o m a t i c   p o l y i m i d e   t a p e   a p p l i e d   to  t h e   c o n d u c t o r   w i t h  

an  o v e r l a p ;   and  an  ex t ruded   ou te r   l a y e r   based  on  a  polymer  c o n s i s t i n g  

of  c h a i n s   of  a r o m a t i c   r i n g s   l i n k e d   by  g r o u p s   s e l e c t e d   f r o m  

- 0 - ,   - S - ,   - S 0 2 - ,   -CO- ,   and  -CR2-  (where  R=H or  a lky l   or  a c y l ) .  

I f   i t   i s   d e s i r e d   to  bond   t h e   l a y e r s   of  t a p e ,   t h e  

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

f l u o r i n a t e d   e t h y l e n e - p r o p y l e n e   c o p o l y m e r   can   be  u s e d ,   b u t  

t h i s   i s   n o t   e s s e n t i a l   and  t h e   u se   of  u n c o a t e d   t a p e   has   t h e  

a d v a n t a g e   of  c o m p l e t e l y   e l i m i n a t i n g   f l u o r i n e   c o m p o u n d s   f r o m  

the   c a b l e .  

P r e f e r a b l y   the   t a p e   i s   h e l i c a l l y   a p p l i e d   to  t h e  

c o n d u c t o r ,   p r e f e r a b l y   w i t h   an  o v e r l a p   of  a t   l e a s t   6 0 % .  

A l t e r n a t i v e l y ,   h o w e v e r ,   t h e   t a p e   c o u l d   be  a p p l i e d   l o n g i t u -  

d i n a l l y   or  as  a  f u r t h e r   a l t e r n a t i v e  c o u l d   be  a p p l i e d  

i n i t i a l l y   in   a  l o n g i t u d i n a l   d i r e c t i o n   and  c o n v e r t e d   to  a  

h e l i c a l   f o r m   by  t w i s t i n g   t h e  w r a p p e d  w i r e   ( b e f o r e   or  a f t e r  

a p p l y i n g   t he   o u t e r   l a y e r )   f o r  e x a m p l e   u s i n g   a  f l y e r - t y p e  

w i n d i n g   m a c h i n e   (as   c o n v e n t i o n a l l y   u s e d   f o r   t w i n n i n g   a n d  

b u n c h i n g ) .  

The  c o n d u c t o r  m a y   be  s o l i d   or  s t r a n d e d   and  i s  



p r e f e r a b l y   of  p l a i n ,   t i n n e d ,   n i c k e l - p l a t e d   or  s i l v e r -  

p l a t e d   c o p p e r .  

The  p r e f e r r e d   p o l y i m i d e   f o r   t he   t a p e   i s   t h a t   s o l d  

u n d e r   t he   t r a d e m a r k   K a p t o n ,   w h i c h   i s   b e l i e v e d   to  c o n s i s t  

e s s e n t i a l l y   of  t h e   p o l y m e r i c   p y r o m e l l i t a t e   of  p , p '   d i a m i n o  

d i p h e n y l   e t h e r .   P r e f e r a b l y   t h e   t a p e   i s   no  more  t h a n   0 . 0 4 m m  

t h i c k   and  any   c o a t i n g   t h e r e o n   no  more  t h a n   0 .005mm  t h i c k .  

More  e s p e c i a l l y   K a p t o n   010  t a p e ,   an  u n c o a t e d   t a p e   0 . 0 2 5 m m  

t h i c k   and  K a p t o n   616  t a p e ,   a  c o a t e d   t a p e   in   w h i c h   t h e  

p o l y i m i d e   i s   a b o u t   0 .025mm  t h i c k   and  t he   c o a t i n g   a b o u t  

0 .0025mm  t h i c k ,   a r e   p r e f e r r e d .  

S u i t a b l e   p o l y m e r s   f o r   t he   o u t e r   l a y e r   a r e  

d e s c r i b e d   in   B r i t i s h   P a t e n t   S p e c i f i c a t i o n s   9 7 1 , 2 2 7 ,  

1 , 0 1 6 ,  2 4 5 ,   1 , 0 1 9 , 2 6 6 ,   1 , 0 1 9 , 4 5 8 ,   1 , 0 7 8 , 2 3 4 ,   1 , 0 8 6 , 0 2 1 ,  

1 , 1 0 2 , 6 7 9 ,   1 , 1 5 3 , 0 3 5 ,   1 , 1 5 3 , 5 2 7 ,   1 , 1 6 4 , 8 1 7 ,   1 , 1 7 7 , 1 8 3 ,  

1 , 3 8 3 , 3 9 3 ,   1 , 3 8 7 , 3 0 3 ,   and  1 , 4 1 4 , 4 2 1 ,   1 , 4 1 4 , 4 2 2   a n d  

1 . 4 1 4 . 4 2 3   and  in   E u r o p e a n   P a t e n t   A p p l i c a t i o n   0 0 0 1 8 7 9 .  

L i n e a r   p o l y m e r s   a r e   u s u a l l y   p r e f e r r e d ,   b u t   some  can   b e  

c r o s s l i n k e d ,   and  t h i s   may  s o m e t i m e s   be  b e n e f i c i a l .   P o l y m e r s  

in  w h i c h   the   a r o m a t i c   g r o u p s   a r e   p r e d o m i n a t e l y   p h e n y l e n e  

and  the   l i n k i n g   g r o u p s   a r e   s e l e c t e d   f rom  - 0 - ,   -CO-  and  - S 0 2 -  

a r e   p r e f e r r e d ;   mos t   p r e f e r r e d   a r e   p o l y e t h e r   k e t o n e s   a n d  

p o l y e t h e r   s u l p h o n e s   in   w h i c h   ( i n   b o t h   c a s e s )   - 0 -   l i n k a g e s  

a r e   in   t he   m a j o r i t y ,   and  more  e s p e c i a l l y   p a r a p h e n y l e n e  

p o l y e t h e r   k e t o n e s   h a v i n g   a b o u t   t w i c e   as  many  - 0 -   l i n k a g e s  

as  -C0-   l i n k a g e s   (such  as  the  polymer  sold  by  ICI  as  "PEEK"). 

The  o u t e r   l a y e r   is   p r e f e r a b l y   e x t r u d e d ,   e i t h e r   a s  

a  s i n g l e   o p e r a t i o n   or  in   two  (o r   more )   s t e p s .   A l t e r n a t i v e l y  



i t   m i g h t   be  in   t a p e   fo rm  a p p l i e d   h e l i c a l l y   or  a p p l i e d  

l o n g i t u d i n a l l y   w i t h   or  w i t h o u t   s u b s e q u e n t   t w i s t i n g ;   f u r t h e r  

i t   m i g h t   be  a  c o m p o s i t e   l a y e r   a p p l i e d   p a r t l y   in   t a p e   f o r m  

and  p a r t l y   by  e x t r u s i o n   ( u n d e r ,   o v e r   or  b e t w e e n   t a p e s ) .  

When  t h e   o u t e r   l a y e r   i s   in   two  or  more  p a r t s   t h e y   may  be  o f  

i d e n t i c a l   c o m p o s i t i o n   or  t h e y   may  d i f f e r   w i t h i n   t h e   r a n g e  

of  p o l y m e r s   d e f i n e d   a b o v e .  

P r e f e r a b l y   t h e   o u t e r   l a y e r   i s   o r i e n t e d ,   s u i t a b l e  

t e c h i n i q u e s   f o r   e x t r u d e d   l a y e r s   b e i n g   d e s c r i b e d   i n   o u r  

B r i t i s h   P a t e n t   A p p l i c a t i o n   1 6 6 1 4 / 7 8   and  our   E u r o p e a n  

A p p l i c a t i o n   No.  7 9 3 0 1 5 4 4 . 7 .  

Two  or  more  w i r e s ,   i n s u l a t e d   as  d e s c r i b e d ,   may  b e  

a s s e m b l e d   t o g e t h e r   by  t w i s t i n g   or   o t h e r w i s e   to   f o r m   a  

m u l t i c o n d u c t o r   c a b l e ,   w i t h   or  w i t h o u t   a  s u i t a b l e   o v e r a l l  

s h e a t h ,   b r a i d   or  o t h e r   c o v e r i n g s .  

P r e f e r a b l y   the   c o m b i n e d   r a d i a l   t h i c k n e s s   of  t h e  

p o l y i m i d e   t a p e   l a y e r   and  t h e   o u t e r  l a y e r   i s   n o t   more  t h a n  

0 . 2 5 m m .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t y p i c a l   f o r m s  

of  t h e   i n v e n t i o n .  

E x a m p l e   1  

A  s i n g l e - c o n d u c t o r   l o w - t o x i c i t y   a i r f r a m e   c a b l e  

c o n s i s t s   of  a  c o n v e n t i o n a l l y   s t r a n d e d   c o n d u c t o r   made  up  o f  

19  s i l v e r   p l a t e d   a n n e a l e d   c o p p e r   c o n d u c t o r s   e a c h   0 . 2 0   mm 

in   d i a m e t e r   l a p p e d   w i t h   a  s i n g l e   t a p e   of  F E P - c o a t e d  

p o l y i m i d e   t a p e   ( K a p t o n   6 1 6 H f ) ,   9 . 6   mm  wide   and  a p p l i e d   w i t h  



67%  o v e r l a p   ( n o m i n a l   d i a m e t e r   o v e r   t a p e   1 . 1 8   mm),  h e a t -  

s e a l e d   and  t h e n   c o v e r e d   w i t h   0 . 1 5   mm  r a d i a l   t h i c k n e s s   o f  

a  p o l y p h e n y l e n e   e t h e r - k e t o n e   ( h a v i n g   a b o u t   two  e t h e r  

l i n k a g e s   f o r   e a c h   k e t o n e   l i n k a g e ) .   T h i s   c o v e r i n g   i s  

a p p l i e d   by  e x t r u s i o n   u s i n g   a  c o n v e n t i o n a l   t h e r m o p l a s t i c  

e x t r u d e  o p e r a t i n g   a t   4 0 0 ° C ,   and  r a i s e s   t h e  n o m i n a l   o v e r a l l  

d i a m e t e r   to   1 . 4 8   mm.  The  p o l y p h e n y l e n e   e t h e r - k e t o n e   can   b e  

c o l o u r e d   w i t h   s u i t a b l y - c h o s e n   p i g m e n t s ,   i f   d e s i r e d ;  

o t h e r   a d d i t i v e s   a r e   u n n e c e s s a r y .  

E x a m p l e s   2  and  3  

Two  and  t h r e e   r e s p e c t i v e l y   of  t h e   c o n d u c t o r s  

d e s c r i b e d   in   E x a m p l e   1  a r e   t w i s t e d   t o g e t h e r   w i t h   a  l a y -  

l e n g t h   of  20  t i m e s   p i t c h   d i a m e t e r ,   r i g h t   h a n d e d .  

E x a m p l e   4  

A  b r a i d e d   2 - c o r e   a i r c r a f t - w i r i n g   c a b l e   c o n s i s t s   o f  

t he   c a b l e   of  E x a m p l e   2  b r a i d e d   w i t h   0 . 1 0   mm  d i a m e t e r  

s i l v e r - p l a t e d   a n n e a l e d   c o p p e r   w i r e s ,   16  s p i n d l e s   8  e n d s ,  

19  mm  l a y   ( n o m i n a l   d i a m e t e r   o v e r   b r a i d   3 . 4 6   mm)  and  s h e a t h e d  

to  a  r a d i a l   t h i c k n e s s  o f   1 . 0   mm  w i t h   an  e t h y l e n e - a c r y l i c  

p o l y m e r   c o m p o s i t i o n   f o r m u l a t e d   as  f o l l o w s :  

P a r t s   by  w e i g h t  

Vamac  N - 1 2 3   m a s t e r b a t c h   4 7 . 5 0  

( b e l i e v e d   to   c o n s i s t   of  a b o u t  

80%  of  a  t e r p o l y m e r   of  e t h y l e n e ,  

m e t h y l   a c r y l a t e . a n d   a  c a r b o x y l i c  

monomer   t o g e t h e r ' w i t h   a b o u t   20% 

of  an  i n e r t   s i l i c a   f i l l e r )  



P r o c e s s   A i d s :  

A n t i o x i d a n t :  

C u r i n g   s y s t e m :  

E x a m p l e   5  

The  s i n g l e   c o r e   of  E x a m p l e   1  i s   b r a i d e d   a n d  

s h e a t h e d   s u b s t a n t i a l l y   as  d e s c r i b e d   in   E x a m p l e   3 .  

E x a m p l e   6 - 1 0  

T h e s e   a r e   i d e n t i c a l   w i t h   E x a m p l e s   1 -5   r e s p e c t i v e l y  



e x c e p t   t h a t   t h e   p o l y i m i d e   t a p e   i s   u n c o a t e d   ( K a p t o n   010  t a p e )  

and  n o t   h e a t   s e a l e d .  

E x a m p l e   1 1  

A  t h i r t y - c o r e   c a b l e   c o m p r i s e s   c o n d u c t o r s   a c c o r d i n g  

to  E x a m p l e   6  l a i d   up  4,  10  and  16  w i t h   t h e   l a y - l e n g t h   o f  

e a c h   l a y e r   20  t i m e s   t h e   r e s p e c t i v e   p i t c h   d i a m e t e r ,   w i t h   a  

s h e a t h   ( 1 . 2   mm  r a d i a l   t h i c k n e s s )   of  t h e   same  f o r m u l a t i o n  

s e t   ou t   in   E x a m p l e   4 .  

E x a m p l e   1 2  

T h i s   i s   s i m i l a r   to  E x a m p l e   11,   b u t   e a c h   c o r e   i s  

t h e   s c r e e n e d   and  s h e a t h e d   c o n d u c t o r   of  E x a m p l e   1 0 .  

The  c a b l e s   of  t h e   E x a m p l e s   a l l   h a v e   e x c e l l e n t  

r a d i a t i o n   and  w a t e r   r e s i s t a n c e ;   t h o s e   of   E x a m p l e s   1 - 5  

have   good  r e s i s t a n c e   to  n o t c h   p r o p a g a t i o n ,   w h e r e a s   t h e  

o t h e r s   have   t h e   m e r i t   of  a  s u b s t a n t i a l l y   z e r o   h a l o g e n   c o n t e n t .  



1.  An  i n s u l a t e d   w i r e   or  e l e c t r i c   c a b l e   c o m p r i s i n g :  

a t   l e a s t   one  m e t a l l i c   c o n d u c t o r ;   a  s i n g l e   l a y e r   of  a n  

a r o m a t i c   p o l y i m i d e   t a p e   a p p l i e d   to   t h e   c o n d u c t o r   w i t h   a n  

o v e r l a p ;   and  an  e x t r u d e d   ou t e r   l a y e r   based  on  a  p o l y m e r  

c o n s i s t i n g   of  c h a i n s   of  a r o m a t i c   r i n g s   l i n k e d   by  g r o u p s  

s e l e c t e d   f r o m   - 0 - ,   - S - ,   - S O 2 - ,   - C O -  a n d  - C R 2 -   (where  R=H  o r  

a l k y l   or  a c y l ) .  

2.  An  i n s u l a t e d   w i r e   or   c a b l e   as  c l a i m e d   i n  

C l a i m   1  in   w h i c h   t h e   l i n k i n g   g r o u p s   a r e   s e l e c t e d   f r o m  

- 0 - ,   -CO-  and  - S O 2 - .  

3.  An  i n s u l a t e d   w i r e   or  c a b l e   as  c l a i m e d   i n  

C la im   1  i n   w h i c h   t h e   p o l y m e r   i s   a  p o l y e t h e r   k e t o n e  

in  wh ich   t h e   l i n k i n g   g r o u p s   a r e   - 0 -   a n d - C O - ,   - 0 -   g r o u p s  

b e i n g   in   t h e   m a j o r i t y .  

4.  An  i n s u l a t e d   w i r e   or  c a b l e   as  c l a i m e d   in   a n y  

one  o f . C l a i m s   1 - 3   i n   w h i c h   t h e   a r o m a t i c   g r o u p s   i n   t h e  

p o l y m e r   a r e   p r e d o m i n a t e l y   p h e n y l e n e   g r o u p s .  
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