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©  A  heating  cable  and  a  method  of  making  it. 

  A  heating  cable  has  at  least  two  electric  conductors 
(9,10)  extending  longitudinally  of  each  other  in  spaced 
relation.  Each  of  the  conductors  (9,  10)  has  an  insulating 
coating  (11)  which  complete  covers  the  respective  conduc- 
tors (9,10)  except  for  apertures  (12)  in  the  conductors  (9,  10), 
which  are  spaced  longitudinally  thereof.  The  apertures  (12) 
are  arranged  alternately  in  the  conductors  (9,  10)  which  are 
surrounded  by  a  continuous  plastic  layer  (13)  or  relatively 
low  and  substantially  temperature-independent  resistivity. 
The  plastic  layer  (13)  is  in  contact  with  the  conductors  (9,10) 
through  the  apertures  (12),  and  an  electrically  insulating 
outer  layer  (14)  covers  the  plastic  layer  (13)  completely. 



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

of   m a k i n g   s u c h   c a b l e s .  

H e a t i n g   c a b l e s   h a v e   a l r e a d y   b e e n   s u g g e s t e d ,   w h i c h  

i n c l u d e   two  e l e c t r i c   c o n d u c t o r s   e x t e n d i n g   l o n g i t u d i n a l -  

ly   of  e a c h   o t h e r   in  s p a c e d   r e l a t i o n ,   e a c h   of  s a i d   c o n -  

d u c t o r s   h a v i n g   an  i n s u l a t i n g   c o a t i n g .   T h e s e   i n s u l a t e d  

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

c o v e r i n g   w h i c h   f o r m s   a  s u p p o r t   f o r   a  r e s i s t a n c e   w i r e  

w h i c h   i s   h e l i c a l l y   wound  a l o n g   t h e   e n t i r e   l e n g t h   of  t h e  

c a b l e   and   w h i c h   in  t u r n   is   s u r r o u n d e d   by  a  main   i n s u l a t -  

i n g   s h e a t h .   The  c a b l e   can  a l s o   be  r e i n f o r c e d   w i t h   a  s h i e l d -  

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

may  be  p r o v i d e d   w i t h   an  o u t e r   c o r r o s i o n   p r o o f i n g   l a y e r .  

In  t h i s   p r i o r   a r t   h e a t i n g   c a b l e   t h e   p o i n t s   of  c o n t a c t  

b e t w e e n   t h e   c o n d u c t o r s   and  t h e   r e s i s t a n c e   w i r e   a r e   a r -  

r a n g e d   a l t e r n a t e l y   a l o n g   t h e   l e n g t h   of  t h e   c a b l e .  

In   v i e w   o f  t h e   r e l a t i v e l y   low  e f f e c t   t h a t   a  h e a t i n g  

c a b l e   s h a l l   g e n e r a t e   pe r   l e n g t h   u n i t ,   a  v e r y   t h i n   a n d  

v e r y   d e n s e l y   wound  r e i s t a n c e   w i r e   i s   u s u a l l y   r e q u i r e d ,  

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

o f   c o n t a c t   w i l l   be  r e l a t i v e l y   l a r g e   or   u s u a l l y   a b o u t  

one  m e t e r .   T h i s   is  a  c o n s i d e r a b l e   d r a w b a c k   b e c a u s e   o n e  

i s   r e s t r i c t e d ,   when  t h e   c a b l e   i s   to   be  c u t ,   in  o n e ' s  

c h o i c e   of  p o i n t   of  c u t t i n g ,   i . e .   t h e   h e a t e d   l e n g t h   o f  

t h e   c a b l e   can  o n l y   be  s e l e c t e d   in  s t e p s   of  a b o u t   o n e  

m e t e r ,   and  t h e   p o i n t s   of  c o n t a c t   m u s t   be  m a r k e d   on  t h e  

o u t e r   s i d e   of  t h e   c a b l e .   B e c a u s e   of  t h e   t h i n   r e s i s t a n c e  

w i r e ,   t h e   h e a t i n g   c a b l e   has   a  r e d u c e d   f l e x i b i l i t y   a n d  

t h e   r i s k   f o r   r u p t u r e s   is   g r e a t   on  e x a g g e r a t e d   or  r e p e a t -  
ed  f l e x i n g   of  t h e   c a b l e .  

H e a t i n g   c a b l e s   c o n s i s t i n g   of  two  p a r a l l e l   b a r e - w i r e  

c o n d u c t o r s   w h i c h   a r e   e n c l o s e d   in  an  e l e c t r i c a l l y   s e m i -  

c o n d u c t i v e   c o m p o s i t i o n   of  t h e   PTC  t y p e ,   h a v e   a l s o   b e e n  



s u g g e s t e d   a l r e a d y ,   c f .   f o r   e x a m p l e   E u r o p e a n   a p p l i c a t i o n  
8 2 3 5 .   "PTC  t y p e "   h e r e   m e a n s   a  m a r k e d l y   p o s i t i v e   t e m p e r a -  
t u r e   c o e f f i c i e n t   f o r   t h e   r e s i s t i v i t y   of   t h e   c o m p o s i t i o n ,  
i . e .   t h e   r e s i s t i v i t y   i n c r e a s e s   r e l a t i v e l y   s l o w l y   up  t o  

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

v e r y   r a p i d l y .   In  a  h e a t i n g   c a b l e   of   t h i s   t y p e   t h e   c u r r e n t  

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

r i g h t   a n g l e s   to   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   c o n -  

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

h i g h   a  r e s i s t i v i t y   as  i s   r e a c h e d   o n l y   a b o v e   s a i d   c r i -  

t i c a l   t e m p e r a t u r e .   As  a  r e s u l t ,   t h e r e   w i l l   c e r t a i n l y  

be  o b t a i n e d   an  a u t o m a t i c   t e m p e r a t u r e   c o n t r o l   in  a  h e a t -  

i n g   c a b l e   and   t h e   c a b l e   c an   be  c u t   a t   an  o p t i o n a l  p o i n t ,  
b u t   in   p r a c t i c e   s u c h   a  h e a t i n g   c a b l e   i s   u n r e l i a b l e  o w i n g  

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

I n c r e a s e d   r e l i a b i l i t y   can   be  a t t a i n e d   a c c o r d i n g  

t o   U . S .   p a t e n t   s p e c i f i c a t i o n   4 , 3 3 0 , 7 0 3   by  i n t r o d u c i n g  

a t   l e a s t   one   f u r t h e r   l a y e r   in  a d d i t i o n   to   s a i d   PTC  l a y e r  

b e t w e e n   t h e   two  c o n d u c t o r s ,   and  s a i d   f u r t h e r   l a y e r   o r  

l a y e r s   s h a l l   c o n s i s t   of  a  m a t e r i a l   of  s u b s t a n t i a l l y   t e m -  

p e r a t u r e - i n d e p e n d e n t   r e s i s t i v i t y .   H o w e v e r ,   s u c h   a  c o n -  

s t r u c t i o n   of   t h e   h e a t i n g   c a b l e   n a t u r a l l y   i n v o l v e s   i n -  

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

of   t h e   c a b l e .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t h e r e f o r e   i s  

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

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

c a b l e s ,   and   a  m e t h o d   f o r   m a k i n g   s a i d   i m p r o v e d   h e a t i n g  

c a b l e .  

T h i s   i s   r e a l i z e d   in  t h a t   a  h e a t i n g   c a b l e   i n c l u d i n g  

a t   l e a s t  t w o   e l e c t r i c   c o n d u c t o r s   e x t e n d i n g   l o n g i t u d i n a l -  

l y   of   e a c h   o t h e r   in  s p a c e d   r e l a t i o n ,   e a c h   of  s a i d   e l e c -  

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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e   c h a r a c t e r i s t i c  

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

t i v e   c o n d u c t o r s   e x c e p t   f o r   a p e r t u r e s   in  s a i d   c o n d u c t o r s ,  

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



n a t e l y   in  t h e   c o n d u c t o r s ,   t h a t   t h e   c o n d u c t o r s   a r e   s u r -  

r o u n d e d   by  a  c o n t i n u o u s   p l a s t i c   l a y e r   of  r e l a t i v e l y   l o w  

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

in  t h e   a p e r t u r e s   so  t h a t   t h e   c u r r e n t   f l o w   t h r o u g h   t h e  

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

c o v e r s   s a i d   p l a s t i c   l a y e r .  

The  m e t h o d   of  m a k i n g   a  h e a t i n g   c a b l e   w h i c h   i n c l u d e s  

a t   l e a s t   two  e l e c t r i c   c o n d u c t o r s   e x t e n d i n g   l o n g i t u d i n a l l y  

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

h a v i n g   an  i n s u l a t i n g   c o a t i n g ,   is   c h a r a c t e r i s e d   a c c o r d i n g  

to   t h e   i n v e n t i o n   in  t h a t   a p e r t u r e s   in  t h e   i n s u l a t i n g  

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

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

and   t h e   d e s i r e d   e f f e c t   a t   s a i d   v o l t a g e ,   t h a t   t h e   c o n -  

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

by  e x t r u s i o n   of  a  p l a s t i c   of  r e l a t i v e l y   low  and  s u b s t a n -  

t i a l l y   t e m p e r a t u r e - i n d e p e n d e n t   r e s i s t i v i t y ,   and  t h a t  

an  e l e c t r i c a l l y   i n s u l a t i n g   o u t e r   l a y e r   i s   a p p l i e d   b y  

e x t r u s i o n   to   c o v e r   s a i d   p l a s t i c   l a y e r .  

As  has   b e e n   m e n t i o n e d   in  t h e   f o r e g o i n g ,   i t   is   c e r -  

t a i n l y   p r e v i o u s l y   known  to  make  c a b l e s   and  b r a i d e d   b a n d s  

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

d u c t o r s   b e t w e e n   w h i c h   a  g i v e n   r e s i s t a n c e   v a l u e   is   b u i l t  

up  v i a   t h e   e l e c t r i c a l l y   c o n d u c t i v e   p l a s t i c .   T h e s e   p r i o r  

a r t   c o n s t r u c t i o n s ,   h o w e v e r ,   p r e s u p p o s e   t h a t   t h e   p l a s t i c  

h a s   a  r e l a t i v e l y   h i g h   r e s i s t i v i t y .  

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

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

p l a s t i c   of  r e l a t i v e l y   low  and  s u b s t a n t i a l l y   t e m p e r a t u r e -  

i n d e p e n d e n t   r e s i s t i v i t y .   S t i l l ,   t h e   c o n s t r u c t i o n   is   s u c h  

t h a t   an  a d a p t a t i o n   to  any  e x t r a - l o w   and  low  v o l t a g e s  

in  say   t h e   r a n g e   of  1 2 - 4 4 0   V  is   p o s s i b l e .   For   e x a m p l e ,  

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

5%  can   be  u s e d .  



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

b e s i d e s   e l i m i n a t e s   s u b s t a n t i a l l y   a l l   d i s a d v a n t a g e s   i n h e -  

r e n t   in   t h e   c o n v e n t i o n a l   w i r e   wound  h e a t i n g   c a b l e .  

The  i n v e n t i o n   w i l l   be  more   f u l l y   d e s c r i b e d   h e r e i n b e -  

low  w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h :  

F i g .   1  i l l u s t r a t e s   a  w i r e   wound   h e a t i n g   c a b l e   a c c o r d -  

i n g   t o .  p r i o r   a r t   t e c h n i q u e ,   s t e p w i s e   s t r i p p e d ;  

F i g .   2  s h o w s   c r o s s - s e c t i o n a l   v i e w s   of  e m b o d i m e n t s ,  

g i v e n   by  way  of   e x a m p l e ,   of  t h e   h e a t i n g   c a b l e   a c c o r d i n g  

to   t h e   i n v e n t i o n ;  

F i g .   3  shows   s i d e v i e w s   of  e m b o d i m e n t s ,   g i v e n   b y  

way  of   e x a m p l e ,   of  a p e r t u r e s   made  in   t h e   h i g h - i n s u l a t -  

i n g   c o a t i n g   of   a  c o n d u c t o r ;   a n d  

F i g .   4  s h o w s   by  way  of   e x a m p l e   t h e   l o c a t i o n   of   a p e r -  

t u r e s .  

F i g .   1,  t o   w h i c h   a  f i r s t   r e f e r e n c e   i s   m a d e ,   i l l u -  

s t r a t e s   a  c o n v e n t i o n a l   h e a t i n g   c a b l e   1  h a v i n g   two  e l e c -  

t r i c   c o n d u c t o r s   2  w h i c h   a r e   i n s u l a t e d   by  means   of   a  h i g h -  

i n s u l a t i n g   c o a t i n g   3.  The  c o a t i n g s   and  t h e i r   i n s u l a t i o n s  

a r e   e m b e d d e d   in  a  c o v e r i n g   4  w h i c h   c o n s i s t s   of   s a y   s i l i c o n e  

r u b b e r   and   f o r m s   a  s u p p o r t   f o r   a  r e s i s t a n c e   w i r e   5  w h i c h  

i s   h e l i c a l l y   wound   a l o n g   t h e   e n t i r e   l e n g t h   of  t h e   c a b l e .  

The  r e s i s t a n c e   w i r e   5  is   s u r r o u n d e d   by  t h e   m a i n   i n s u l a t i o n  

6  of   t h e   c a b l e ,   w h i c h   in  t u r n   i s   p r e f e r a b l y   s u r r o u n d e d  

by  a  s h i e l d   or   r e i n f o r c e m e n t   7  of  say   g a l v a n i z e d   i r o n  

w i r e .   On  t h e   o u t s i d e ,   t h e   c a b l e  h a s   a  c o r r o s i o n   p r o o f i n g  

l a y e r   8  of   some  s u i t a b l e   p l a s t i c .  

I n s t e a d   of  a  t h i n ,   h e l i c a l l y   wound  r e s i s t a n c e   w i r e  

u s e   i s   made  a c c o r d i n g   to   t h e   i n v e n t i o n   of  an  e x t r u d a b l e  

t h e r m o p l a s t i c   of  r e l a t i v e l y   low  r e s i s t i v i t y .   F i g .   2  s h o w s  

some  e m b o d i m e n t s   of  t h e   h e a t i n g   c a b l e   a c c o r d i n g   to   t h e  

i n v e n t i o n   in  c r o s s - s e c t i o n .   As  i s   a p p a r e n t   f r o m   t h e s e  

e x a m p l e s ,   t h e   e l e c t r i c   c o n d u c t o r   may  be  a  s i n g l e   c o n d u c -  

t o r   9  or   a  c o n d u c t o r   10  c o m p o s e d   of  s e v e r a l   s t r a n d s .  

The  c o n d u c t o r s   9,  10  h a v e   a  h i g h - i n s u l a t i n g   c o a t i n g   1 1  

w h i c h   may  c o n s i s t   of   l a c q u e r ,   e n a m e l ,   y a r n ,   a  c h e m i c a l  

i n s u l a t i o n   or   a  p l a s t i c   i n s u l a t i o n .   The  c o a t i n g   11  c o v e r s  



t h e   r e s p e c t i v e   c o n d u c t o r s   c o m p l e t e l y   e x c e p t   f o r   a p e r t u r e s  
12  w h i c h   a r e   s p a c e d   a p a r t   a l o n g   t h e   c o n d u c t o r s   in  a n  

a l t e r n a t i n g   m a n n e r   t h e r e o n ,   as  i s   a p p a r e n t   f rom  F i g .   4 .  

As  shown  in  F i g .   3,  t h e   a p e r t u r e s   can  be  r e a l i z e d   b y  

a b r a s i o n   of  t h e   h i g h - i n s u l a t i n g   c o a t i n g   11,  by  a n n u l a r  

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

c o a t i n g   11.  By  r e a s o n   of  t h e   a p e r t u r e s   12  t h e   e l e c t r i -  

c a l l y   c o n d u c t i v e   p l a s t i c   l a y e r   13  t h u s   i s   c o n t a c t   w i t h  

t h e   c o n d u c t o r s   9  and  10  in  s a i d   a p e r t u r e s ,   f o r   w h i c h  

r e a s o n   t h e   c u r r e n t - f l o w   t h r o u g h   t h e   p l a s t i c   l a y e r   13  

w i l l   be  s u b s t a n t i a l l y   l o n g i t u d i n a l l y   d i r e c t e d .   An  e l e c -  

t r i c a l l y   i n s u l a t i n g   o u t e r   l a y e r   14  c o v e r s   t h e   p l a s t i c  

l a y e r   13  c o m p l e t e l y .  

The  p l a s t i c   l a y e r   13  may  c o n s i s t   of  a  p o l y e t h y l e n e  

p l a s t i c ,   in  w h i c h   c a s e   t e m p e r a t u r e s   of  up  to   a b o u t   900C  

can   be  a c h i e v e d   in  t h e   c a b l e ,   or  s i l i c o n e   p l a s t i c ,   i n  

w h i c h   c a s e   h i g h e r   t e m p e r a t u r e s   of  up  to   a b o u t   2700C  c a n  

be  a c h i e v e d   in  t h e   c a b l e .   An  e x a m p l e   of  a  u s a b l e   p l a s t i c  

is   a  s e m i - c o n d u c t i v e   q u a l i t y   of  an  e l a s t o m e r i c   t h e r m o -  

p l a s t i c   w i t h   t h e   d e s i g n a t i o n   X T 6 0 0 2 : 7 0 .   T h i s   p l a s t i c  

i s   a v a i l a b l e   f r o m   ASEA  KABEL  AB  and  more  p a r t i c u l a r l y  

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

and   has   a  v o l u m e   r e s i s t i v i t y   of  l e s s   t h a n   103  o h m . c m .  

A  t y p i c a l   t e m p e r a t u r e   c o e f f i c i e n t   i s . 2 . 5 - 3 . 0 %   in  t h e  

t e m p e r a t u r e   r a n g e   2 5 - 7 5 ° C .  

W i t h   a  p l a s t i c   of  t h e   k i n d   e x e m p l i f i e d   i t   i s   p o s -  
s i b l e   to   r e a c h   an  e f f e c t   of  5 -30   W/m  in  a  c a b l e   i n t e n d e d  

f o r   t h e   s u p p l y   v o l t a g e   220  V.  The  i n t e r v a l s   b e t w e e n   t h e  

a p e r t u r e s   may  be  r e d u c e d   to   a b o u t   1  dm,  and  c o m p a r e d  

w i t h   a  c o n v e n t i o n a l   w i r e   wound  h e a t i n g   c a b l e   a  r e d u c t i o n  

of  t h e   m a n u f a c t u r i n g   c o s t   by  a b o u t   50%  can   be  a t t a i n e d .  

As  t h e   c o n d u c t i v e   p l a s t i c   u t i l i z e d   i s   e x t r u d a b l e ,  

a  v e r y   r a t i o n a l   m a n u f a c t u r e   of  t h e   h e a t i n g   c a b l e   a c c o r d -  

i ng   to   t h e   i n v e n t i o n   i s   made  p o s s i b l e .   More  s p e c f i c a l -  

l y ,   a p e r t u r e s   may  a l t e r n a t e l y . b e   made  in  t h e   i n s u l a t -  

i ng   c o a t i n g s   of  t h e   c o n d u c t o r s   u t i l i z e d ,   a t   i n t e r v a l s  

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



d e s i r e d   e f f e c t   a t   t h i s   v o l t a g e .   The  a p e r t u r e s   can  b e  

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

e x t r u d i n g   n o z z l e   in  w h i c h   t h e   p l a s t i c   of   r e l a t i v e l y   l o w  

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

t h e   c o n d u c t o r s .   The  c o n d u c t i v e   p l a s t i c   w i l l   t h u s   m a k e  

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

a p e r t u r e s .   In  a  s u b s e q u e n t   e x t r u d i n g   s t e p   an  e l e c t r i c a l l y  

i n s u l a t i n g   o u t e r   l a y e r ,   f o r   e x a m p l e   of   p o l y v i n y l   c h l o -  

r i d e ,   c a n  b e   a p p l i e d   in  o r d e r   to   c o v e r   t h e   e l e c t r i c a l l y  

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

On  e x t r u s i o n   of   t h e   e l e c t r i c a l l y   c o n d u c t i v e   p l a s t i c  

m a t e r i a l   one   a l s o   c h o o s e s   t h e   c r o s s - s e c t i o n a l   a r e a   o f  

t h e   f i n i s h e d   p l a s t i c   l a y e r   w i t h   due   r e g a r d   to   t h e   d e s i r e d  

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

I t   w i l l   be  r e a l i z e d   t h a t   t h e   i n v e n t i o n   can   be  m o d i -  

f i e d   w i t h   r e s p e c t   t o   t h e   e m b o d i m e n t s   d e s c r i b e d   in  t h e  

f o r e g o i n g .   Thus   t h e   i n v e n t i o n   i s   a p p l i c a b l e   f o r   e x a m p l e  

to   e l e c t r i c   c a b l e s   h a v i n g   more   t h a n   two  c o n d u c t o r s .  



1.  A  h e a t i n g   c a b l e   i n c l u d i n g   a t   l e a s t   two  e l e c t r i c  

c o n d u c t o r s   (9,  10)  e x t e n d i n g   l o n g i t u d i n a l l y   of  e a c h   o t h e r  

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

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

in  t h a t   t h e   c o a t i n g   ( 1 1 )  c o m p l e t e l y   c o v e r s   t h e   r e s p e c t i v e  
c o n d u c t o r s   (9,   10)  e x c e p t   f o r   a p e r t u r e s   (12)  in  s a i d  

c o n d u c t o r s ,   w h i c h   a r e   s p a c e d   l o n g i t u d i n a l l y   of  and  a r -  

r a n g e d   a l t e r n a t e l y   in  s a i d   c o n d u c t o r s ,   t h a t   t h e   c o n d u c -  

t o r s   (9,   10)  a r e   s u r r o u n d e d   by  a  c o n t i n u o u s   p l a s t i c   l a y e r  

(13)  of  r e l a t i v e l y   low  and  s u b s t a n t i a l l y   t e m p e r a t u r e -  

i n d e p e n d e n t   r e s i s t i v i t y ,   s a i d   p l a s t i c   l a y e r   b e i n g   i n  

c o n t a c t   w i t h   t h e   c o n d u c t o r s   in  s a i d   a p e r t u r e s   so  t h a t  

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

t i a l l y   l o n g i t u d i n a l l y   d i r e c t e d ,   and  t h a t   an  e l e c t r i c a l l y  

i n s u l a t i n g   o u t e r   l a y e r   (14)  c o m p l e t e l y   c o v e r s   s a i d   p l a s -  

t i c   l a y e r .  

2.  A  h e a t i n g   c a b l e   as  c l a i m e d   in  c l a i m   1,  ch a -  

r  a c t  e  r  i  s e d   in  t h a t   t h e   p l a s t i c   l a y e r   c o n s i s t s  

of  a  p o l y e t h y l e n e   p l a s t i c   or  a  PVC  p l a s t i c .  

3.  A  h e a t i n g   c a b l e   as  c l a i m e d   in  c l a i m   1,  c  h  a -  

r  a c t  e  r  i  s e d   in  t h a t   t h e   p l a s t i c   l a y e r   c o n s i s t s  

of  a  s i l i c o n e   p l a s t i c .  

4.  A  h e a t i n g   c a b l e   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1 - 3 ,   c  h  a  r  a c t  e  r  i  s e d   in  t h a t   t h e   a p e r t u r e s  

a r e   s p a c e d   a p a r t   a  d i s t a n c e   of  a b o u t   1  dm.  

5.  A  h e a t i n g   c a b l e   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1 - 4 ,   c  h  a  r  a c t  e  r  i  s e d   in  t h a t   t h e   p l a s t i c  

l a y e r   of  r e l a t i v e l y   low  r e s i s t i v i t y   i s   so  d i m e n s i o n e d  

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

5 -30   W/m.  

6.  A  m e t h o d   of  m a k i n g   a  h e a t i n g   c a b l e   i n c l u d i n g  

a t   l e a s t   two  e l e c t r i c   c o n d u c t o r s   (9,  10)  e x t e n d i n g   l o n g i -  

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

c o n d u c t o r s   h a v i n g   an  i n s u l a t i n g   c o a t i n g   ( 1 1 ) ,   c  h  a  -  



r  a  c  t   e  r  i  s  e  d   in   t h a t   a p e r t u r e s   (12)  in  t h e   i n -  

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

d u c t o r s   (9,   10)  a t   i n t e r v a l s   c o r r e s p o n d i n g   to   t h e   i n t e n d -  

ed  s u p p l y   v o l t a g e   and   t h e   d e s i r e d   e f f e c t   a t   s a i d   v o l -  

t a g e ,   t h a t   t h e   c o n d u c t o r s   in  a  s u b s e q u e n t   s t e p   a r e   p r o -  
v i d e d   w i t h   a  s u r r o u n d i n g   c o n t i n u o u s   l a y e r   (13)  by  e x -  

t r u s i o n   of  a  p l a s t i c   of   r e l a t i v e l y   low  and   s u b s t a n t i a l l y  

t e m p e r a t u r e - i n d e p e n d e n t   r e s i s t i v i t y ,   a n d . t h a t   an  e l e c -  

t r i c a l l y   i n s u l a t i n g   o u t e r   l a y e r   (14)  i s   a p p l i e d   by  e x -  

t r u s i o n   to   c o v e r   s a i d   p l a s t i c   l a y e r .  
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