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©  An  insulated  conductor  suitable  for  continuous  service  at 
high  temperatures  (e.g.  150-180°C)  and  which  under  fire  con- 
ditions  resists  short-circuiting  and  does  not  evolve  large 
amounts  of  visible  smoke  or  toxic  fumes  has  principal 
extruded  insulation  based  on  a  polymer  consisting  of  chains 
of  aromatic  rings  linked  by  groups  selected  from  -0-,  -S-, 
-S02-  (where  R=H  or  alkyl  or  acyl)  -NHCO-, 

£ 0 -  
-N 

CO-,  and  -CO.O-.  Secondary,  fire-surviving,  insulation  is  of 
resin-bonded  mineral-fibre  reinforced  mica  paper  tape.  This 

,  may  be  under  or  over  the  principal  insulation. 
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An insulated conductor suitable for continuous service at 
high  temperatures  (e.g.  150-180°C)  and  which  under  fire  con- 
ditions  resists  short-circuiting  and  does  not  evolve  large 
amounts  of  visible  smoke  or  toxic  fumes  has  principal 
extruded  insulation  based  on  a  polymer  consisting  of  chains 
of  aromatic  rings  linked  by  groups  selected  from  -0-,  -S-, 
-SO2-  (where  R=H  or  alkyl  or  acyl)  -NHCO-, 

and-CO.O-. Secondary, fire-survivinq, insulation is of 
resin-bonded  mineral-fibre  reinforced  mica  paper tape.  This 
may  be  under  or  over  the  principal insulation. 



T h i s   i n v e n t i o n   r e l a t e s   to   e l e c t r i c   c a b l e s   h a v i n g  

a t   l e a s t   two  c o n d u c t o r s   i n s u l a t e d   f r o m   one  a n o t h e r ,   a n d  

to  i n s u l a t e d   c o n d u c t o r s   f o r   u se   t h e r e i n .  

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

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   h i g h   t e m p e r a t u r e s   ( s a y  

up  to   a r o u n d   1 5 0 - 1 8 0 ° C ) ,   w h i c h   r e s i s t s   s h o r t - c i r c u i t i n g  

f o r   a . u s e f u l   l e n g t h   of  t i m e   ( s a y   a t   l e a s t   30  m i n u t e s )  

u n d e r   f i r e   c o n d i t i o n s ,   w h i c h   d o e s   n o t   e v o l v e   any   l a r g e  

q u a n t i t y   of  v i s i b l e   smoke  or  t o x i c   gas   i f   b u r n e d ,   and  w h i c h  

m a i n t a i n s   ( u n d e r   n o r m a l   s e r v i c e   c o n d i t i o n s )   good  m e c h a n i c a l  

and  e l e c t r i c a l   p r o p e r t i e s .  

G l a s s - f i b r e   r e i n f o r c e d  m i c a   p a p e r   t a p e   has  b e e n  

u s e d   to  i m p a r t   l i m i t e d   f i r e - s u r v i v a l   c h a r a c t e r i s t i c s   t o  

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

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

In   a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   anC 

e l e c t r i c   c a b l e ,   or  an  i n s u l a t e d   c o n d u c t o r   f o r   u s e   t h e r e i 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   and  s u r r o u n d i n g  

i n s u l a t i o n   c o m p r i s i n g   ( i )   ex t ruded   p r i n c i p a l   i n s u l a t i o n   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   b y  

g r o u p s   s e l e c t e d   f rom  - 0 - ,   - S - ,   - S O 2 - ,   -CO- ,   -CR2-   ( w h e r e  

R=H  or  a l k y l   or  a c y l )   - N H C O - ,  and  - C O . O - ,   a n d  

( i i )   s e c o n d a r y   i n s u l a t i o n   c o m p r i s i n g   a t   l e a s t   one  t a p e   o f  

a  r e s i n - b o n d e d   m i n e r a l - f i b r e   r e i n f o r c e d   mica  p a p e r .  

The  p r i n c i p a l   i n s u l a t i o n   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   as  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 ,   or  as  a  f u r t h e r   a l t e r n a t i v e   i t  

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   a n d  

s u b s e q u e n t l y   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   any   f u r t h e r   l a y e r ) ,  

f o r   e x a m p l e   by  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   ( a s ,  

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   and  b u n c h 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   a n d  

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 ) .   W h e n  

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 .  

The  s e c o n d a r y   i n s u l a t i o n   may  be  i n s i d e   t h e  

p r i n c i p a l i n s u l a t i o n   ( w h i c h   i s   in   m o s t   c a s e s   mos t   e f f e c t i v e  

in   p r o v i d i n g   f i r e   s u r v i v a l   c h a r a c t e r i s t i c s )   or  o u t s i d e   i t  

( w h i c h   t e n d s   to   be  b e t t e r   f r o m   t h e   p o i n t   of  v i ew   of  l o w  

c o m b u s t i b i l i t y   and  smoke   h a z a r d ) ,   or  may  be  p r e s e n t   in   b o t h  

t h e s e   p o s i t i o n s .   A l t e r n a t i v e l y   ( o r   in   a d d i t i o n )   i t   c o u l d  

be  i n t e r p o s e d   b e t w e e n   l a y e r s   of  p r i n c i p a l   i n s u l a t i o n .   T h e  

p r i n c i p a l   and  s e c o n d a r y   i n s u l a t i o n   may,  b u t   n e e d   n o t ,   b e  

b o n d e d   t o g e t h e r   a t   t h e   i n t e r f a c e .  

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

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

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

S u i t a b l e   p o l y m e r s   f o r   t h e   p r i n c i p a l   i n s u l a t i o n  

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   t h e   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 n t l y   p h e n y l e n e  

and  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 rom  - 0 - ,   -CO-  a n d  

- S 0 2 -   a r e   p r e f e r r e d ;   m o s 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  

and  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 h e   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   a s  - C O -   l i n k a g e s ,   s u c h   as  t h a t .  s o l d   by  ICI  as  " P E E K " .  

P r e f e r a b l y   t h e   p r i n c i p a l   i n s u l a t i o n   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 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   in   ou 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   a n d  

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 .  

The  p r e c i s e   s t r u c t u r e   of  t h e   mica   p a p e r   c o n s t i t u e n t  

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

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

p a c k e d   to  make  t h e   mica   p a p e r   s e l f - s u p p o r t i n g ;   on  t h e  

o t h e r   hand  l a r g e   f l a k e s   or  s p l i t t i n g s   of  m ica   do  n o t   f o r m  

an  a d e q u a t e   s u b s t i t u t e   f o r   mica   p a p e r .   Mica   p a p e r   p r e p a r e d  

f rom  p h l o g o p i t e   i s   p r e f e r r e d ,   b u t   m u s c o v i t e   mica   p a p e r   c a n  

be  u s e d .  

The  r e i n f o r c i n g   m i n e r a l   f i b r e s   a r e   p r e f e r a b l y  

g l a s s   f i b r e s ,   b u t   o t h e r   m i n e r a l   f i b r e s   of  h i g h   t e n s i l e  

s t r e n g t h   ( s u c h   as  a s b e s t o s   f i b r e s )   c o u l d   be  u s e d .   T h e y  

may  r u n   in   t h e   l o n g i t u d i n a l   d i r e c t i o n   of  t h e   t a p e   o n l y ,  



or  t h e y   may  r u n   in   more  t h a n   one  d i r e c t i o n   w i t h   or  w i t h o u t  

b e i n g   w o v e n   t o g e t h e r .  

Any  t y p e   of  b o n d i n g   r e s i n   t h a t   a d h e r e s   s a t i s f a c t o -  

r i l y   to   t h e   m ica   p a p e r   and  t h e   f i b r e s   and  has   a d e q u a t e  

f l e x i b i l i t y   and  m a i n t a i n s   e l e c t r i c a l   i n s u l a t i o n   u n d e r   f i r e  

c o n d i t i o n s   can   be  u s e d .   The  p r e f e r r e d   b o n d i n g   r e s i n   i s  

b a s e d   on  a  s i l i c o n e .   S i n c e   t h e   r e s i n   i s   i t s e l f   a  

c o m b u s t i b l e   m a t e r i a l ,   t h e   min imum  a m o u n t   of  r e s i n   c o m p a t i b l e  

w i t h   s a t i s f a c t o r y   b o n d i n g   s h o u l d   be  u s e d .   When  t h e   r e s i n  

is   h e a t - c u r a b l e ,   i t   may  u s e f u l l y   be  in   an  i n c o m p l e t e l y  

c u r e d   s t a t e   when   t h e   t a p e   i s   a p p l i e d .   The  r e i n f o r c e d   m i c a  

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

c o r e ,   b u t   l o n g i t u d i n a l   t a p i n g   c o u l d   be  u s e d   p r o v i d e d   e i t h e r  

t h a t   t h e   e d g e s   of   t h e   t a p e   a r e   o v e r l a p p e d   and  s e c u r e l y  

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

as  d e s c r i b e d   a b o v e .  

E x a m p l e   1  

A  c o r e   c o m p r i s e s   19  a n n e a l e d   c o p p e r   w i r e s   e a c h  

0 .15mm  in   d i a m e t e r   c o n v e n t i o n a l l y   s t r a n d e d   t o g e t h e r   and  l a p p e d  

w i t h   a  6mm  w i d e   mica   p a p e r   t a p e   a p p l i e d   w i t h   a  n o m i n a l   o v e r -  

l a p   of  50%.  The  t a p e   i s   s o l d   by  G e n e r a l   E l e c t r i c   Co.  u n d e r  

the   r e f e r e n c e   n u m b e r   7 7 9 3 5   and  c o m p r i s e s   mica   p a p e r   w i t h  

l o n g i t u d i n a l l y - e x t e n d i n g   g l a s s   f i b r e s   b o n d e d   to  i t   w i t h   a 

s i l i c o n e   r e s i n ;   i t s   n o m i n a l   o v e r a l l   t h i c k n e s s   i s   O . l m m .  

o v e r   t h e   t a p e   i s   e x t r u d e d   a  l a y e r   of  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   w i t h   a b o u t   two  e t h e r   l i n k a g e s   p e r   k e t o n e   l i n k a g e  

( s u i t a b l y   p i g m e n t e d   i f   d e s i r e d   b u t   w i t h o u t   o t h e r   a d d i t i v e s ) ,  

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 r   o p e r a t i n g   a t   a b o u t  



4 0 0 ° C .   The  r a d i a l   t h i c k n e s s   of  t h i s   l a y e r   i s   0 . 4 m m .  

The  c o r e   i s   c o m p l e t e d   by  an  e x t r u d e d   l a y e r ,   0.8mm  r a d i a l ,  

of  an  e t h y l e n e - a c r y l a t e   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 :  



E x a m p l e   2  

T h i s   i s   a  c o r e   s i m i l a r   to   E x a m p l e   1  e x c e p t   t h a t  

t h e   mica   t a p e   i s   t h a t   s o l d   u n d e r   t h e   d e s i g n a t i o n   ' I s o l a  

r e f e r e n c e   3 6 6 - 2 1 '   c o m p r i s i n g   m ica   p a p e r   and  a  woven  g l a s s  

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

d i m e n s i o n s   a r e   t h e   same  as  in   E x a m p l e   1 .  

E x a m p l e s   3 - 4  

T h e s e   a r e   c o r e s   i d e n t i c a l   w i t h   t h o s e   of  E x a m p l e s   1  

and  2  r e s p e c t i v e l y   e x c e p t   f o r   t he   o m i s s i o n   of  t he   o u t e r  

c o p o l y m e r   l a y e r .  

E x a m p l e s   5-6   - 

The  c o r e s   of  E x a m p l e s  3   and  4  r e s p e c t i v e l y   a r e  

b r a i d e d   w i t h   0.8mm  d i a m e t e r   t i n n e d   a n n e a l e d   c o p p e r   w i r e s  

a p p l i e d   16  s p i n d l e s / 5   e n d s / 7 m m   l a y   and  s h e a t h e d   w i t h   t h e  

e t h y l e n e / a c r y l a t e   c o p o l y m e r   c o m p o u n d   s e t   o u t   in  E x a m p l e   1 

a b o v e   to  form  a  c a b l e   4.4mm  d i a m e t e r   ( s h e a t h   0.8mm  r a d i a l ) .  

E x a m p l e s   7 - 8  

N i n e t e e n   of  t h e   c o r e s   of  E x a m p l e  3   and  E x a m p l e   4  

r e s p e c t i v e l y   a r e   l a i d   up  i n   a  c o n v e n t i o n a l   m a n n e r   ( 1 , 6 , 1 2 )  

w i t h   a  l a y   l e n g t h   f o r   e a c h   of  t h e   l a y e r s   e q u a l   to  25  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 .   The  c o r e   a s s e m b l y   ( w i t h   a  d i a m e t e r  

of  a b o u t   10mm)  i s   l a p p e d   w i t h   a  25mm  x  0 .025mm  M e l i n e x  

( p o l y e t h y l e n e   t e r e p h t h a l a t e )   t a p e   a p p l i e d   w i t h   20%  o v e r l a p  

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   of  1 .27mm  w i t h   t h e  

e t h y l e n e / a c r y l a t e   c o m p o s i t i o n   s e t   o u t   in   E x a m p l e   1;  f i n i s h e d  

d i a m e t e r   a b o u t   1 2 . 5 4 m m .  



E x a m p l e s   9 - 1 0  

T h e s e   a r e   s i m i l a r  . t o   E x a m p l e s   7  and  8  r e s p e c t i v e l y ,  

e x c e p t   t h a t  

( i )   b e t w e e n   t he   c o r e   a s s e m b l y   and  t h e   M e l i n e x   t a p e  

i s   i n t e r p o s e d   a  b r a i d   of  0 .15mm  d i a m e t e r   t i n n e d   a n n e a l e d  

c o p p e r   w i r e s   a p p l i e d   24  s p i n d l e s / 8   e n d s / 2 6 m m   l a y ;  

( i i )   b e t w e e n   t he   M e l i n e x   t a p e   and  the   s h e a t h   is   a  

h e a t - s e a l a b l e   c o a t e d   p o l y e s t e r   t a p e   ( s o l d   u n d e r   t he   t r a d e m a r k  

L a m i g l a s )   w i t h   t he   same  d i m e n s i o n s   and  l a y   as  t he   M e l i n e x  

t a p e ;   a n d  

( i i i )   t h e   r a d i a l   t h i c k n e s s   of  t he   s h e a t h   i s   l . l m m  

( g i v i n g   an  o v e r a l l   d i a m e t e r   o f  a b o u t   1 4 . 0 m m ) .  

E x a m p l e s   1 1 - 1 2  

T w i s t e d   p a i r s   of  t h e   c o r e s   of  E x a m p l e s  3   and  4  

r e s p e c t i v e l y   a r e   l a p p e d   w i t h   a  M e l i n e x   t a p e   l5mm  x  0 . 0 2 5 m m ,  

20%  o v e r l a p .   A  s c r e e n   of  t i n n e d   a n n e a l e d   c o p p e r   w i r e s   e a c h  

0 .10mm  in   d i a m e t e r   a p p l i e d   16  s p i n d l e s / 4   e n d s / l 5 m m   l a y   i s  

f o l l o w e d   by  a n o t h e r   M e l i n e x   t a p e   and  t h e n   a  L a m i g l a s   t a p e  

w i t h   t he   same  d i m e n s i o n s   and  o v e r l a p   as  t he   f i r s t   M e l i n e x  

t a p e .  

S e v e n   of  t he   r e s u l t a n t   p a i r s   a r e   l a i d   up  a t   25  t i m e s  

the   p i t c h   d i a m e t e r   and  l a p p e d   w i t h   a  f u r t h e r   M e l i n e x   t a p e ,  

t h i s   t i m e   30mm  x  0 . 025mm,   a p p l i e d   w i t h   20%  o v e r l a p .   An 

e x t r u d e d   e t h y l e n e / a c r y l a t e   s h e a t h ,   1.2mm  r a d i a l   t h i c k n e s s ,  

of  t h e   f o r m u l a t i o n   s e t   ou t   in   E x a m p l e ' 1 ,   c o m p l e t e s   a  c a b l e  

a b o u t   18 .0mm  in   d i a m e t e r .  



1.  An  e l e c t r i c   c a b l e ,   or  an  i n s u l a t e d   c o n d u c t o r  

f o r   u s e   t h e r e i n ,   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 n d   s u r r o u n d i n g   i n s u l a t i o n   c o m p r i s i n g   (1)  p r i n c i p a l  

i n s u l a t i o n  c o m p r i s i n g   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 0 2 - ,   - C O - ,   - C R 2 -   ( w h e r e   R=H  or  a l k y l   o r  

a c y l )   N H C O - ,  and   - C O . O - ,   and   (2)  s e c o n d a r y  

i n s u l a t i o n   c o m p r i s i n g   a t   l e a s t   one  t a p e   of  a  r e s i n - b o n d e d  

m i n e r a l   f i b r e   r e i n f o r c e d   m i c a   p a p e r .  

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  i n   w h i c h   t he   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 0 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 l a i m   1  i n   w h i c h   the   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   w h i c h   t he   l i n k i n g   g r o u p s   a r e   - 0 -   and   -CO- ,   - 0 -   g r o u p s  

b e i n g   i n   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   i n   a n y  

one  of  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   in   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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