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(S4)  Continuously  transposed  conductor. 
A  continuously  and  uniformly  transposed  electrical  cable 

for  use  in  inducting  apparatus  such  as  reactors  or  transfor- 
mers  and  method  of  making  the  same  which  consists  of  wind- 
ing  simultaneously  a  plurality  of  wire  strands  (square,  round 
or  otherwise  of  cross-sectional  shape)  around  a  mandrel  that 
is  in  a  fixed  position  on  the  winding  machine  and  continu- 
ously  withdrawing  the  wound  cable  from  the  mandrel  as  the 
strands  are  wound  therearound.  The  wound  cable  is  devoid  of 
a  core  strand  and  thus  all  strands  in  the  cable  are  equally 
transposed  throughout  the  length  of  the  cable.  The  wound 
cable  may  be  compacted  (by  roll  forming)  to  improve  the 
space  factor  by  shaping  the  cable  to  a  flat  strip,  or  square  or 
rectangular  cross-sectional  shape  as  may  be  required  for 
particular  applications. 



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

e l e c t r i c a l   t r a n s f o r m e r s ,   r e a c t o r s   and  t h e   l i k e ,   and  more   p a r t i -  

: u l a r l y   t o   low  l o s s ,   f l a t   or  r e c t a n g u l a r   s h a p e d   c a b l e d   c o n d u c t o r  

o r   u s e   in  s u c h   e q u i p m e n t   and  a  m e t h o d   of   m a k i n g   t h e   s a m e .  

In  any  h i g h   c u r r e n t   or  h i g h   f r e q u e n c y   i n d u c t i o n  

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

s k i n   e f f e c t s   and  p r o x i m i t y   e f f e c t s ,   and  i t   i s   k n o w n  

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

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

or  may  n o t   be  i n s u l a t e d   f rom  e a c h   o t h e r   and  w h i c h   may  b e  

t r a n s p o s e d   r e l a t i v e   to   e a c h   o t h e r .   For  maximum  e f f i c i e n c y   t h e  

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

c o n d u c t o r s   a r e   l i n k e d   by  t h e   same  q u a n t i t y   of  m a g n e t i c   f l u x   s o  

as  to   e n s u r e   t h a t   e a c h   s u b c o n d u c t o r   w i l l   have   t h e   same  e f f e c t i v e  

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

t he   t o t a l   c u r r e n t .  

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

i n d u c t i o n   e q u i p m e n t   i s   d e s c r i b e d   in   C a n a d i a n   P a t e n t   7 6 8 , 7 7 5 ,  

i s s u e d   to   W e s t i n g h o u s e   E l e c t r i c   C o r p .   on  O c t o b e r   3 , . 1 9 6 7 ,   a n d  

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

w i d t h   t o   t h i c k n e s s   r a t i o   o f   a b o u t   3 : 1 ,   a r r a n g e d   in   two  c o l u m n s .  

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

t r a n s p o s i t i o n s   a r e   made  a t   d i s c r e t e   p o i n t s   o n l y ,   a  c o m p l e t e  

t r a n s p o s i t i o n   of  a l l   s u b c o n d u c t o r s   in   a  c o n d u c t o r   c o n t a i n i n g  

a  l a r g e   n u m b e r   of   s u b c o n d u c t o r s ,   t a k e s   a  l ong   l e n g t h   of   c a b l e  

to  a c h i e v e .   In  i n d u c t i o n   a p p a r a t u s   w h e r e   the   m a g n e t i c   f i e l d  

c h a n g e s   r a p i d l y ,   f o r   e x a m p l e   in  t h e   end  r e g i o n   o r   a  s m a l l  

d i a m e t e r   a i r   c o r e   r e a c t o r ,   i t   i s   d i f f i c u l t   i f   no t   i m p o s s i t l e  



to  a c h i e v e   s u f f i c i e n t   t r a n s p o s i t i o n s   t o   e n s u r e   t h a t   t h e  

c u r r e n t s   a r e   s h a r e d   e q u a l l y   by  t h e  s u b c o n d u c t o r s .   E d d y  

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

cube   o f   t h e   s u b c o n d u c t o r   d i m e n s i o n   n o r m a l   to   t h e   i n c i d e n t  

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

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

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

d i f f e r e n t   r e g i o n s   o f   t h e   a p p a r a t u s .   For  e x a m p l e ,   in   l a r g e   a i r  

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

i s   a x i a l   w h e r e a s   t h e   f i e l d   n e a r   t h e   end  p l a n e   o f   t h e   r e a c t o r  

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

be  p e r p e n d i c u l a r   t o   t h e   a x i s   of  t h e   r e a c t o r ,   t h i s . w i l l   e n s u r e  

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

b u t   i t   w i l l   a l s o   e n s u r e   e d d y   l o s s e s   w i l l   be  v e r y   l a r g e   in  t h e  

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

of  t h e   c o n d u c t o r   f o r   s u c h   a p p a r a t u s   w o u l d   be  t o  h a v e   s u b c o n d u c -  

t o r s   t h a t   a r e   s q u a r e   or  r o u n d .  

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

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

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

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

The  u s e   o f   s q u a r e   or   r o u n d   s u b c o n d u c t o r s   f a c i l i t a t e s   b e n d i n g   o f  

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

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

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

known  in   t h e  a r t   as   a  " L i t z "   c a b l e   ( s u c h   as  t h a t   s o l d   by  New 

E n g l a n d   E l e c t r i c   W i r e   C o r p .   L i s b o n   N . H . ,   w h i c h  i n   i t s   b a s i c  

f o r m ,   i s   e s s e n t i a l l y   a  s t a n d a r d   1  x  7  c a b l e   c o n s t r u c t i o n   w h i c h  

may  be  r o l l   p r e s s e d   t o   a  r e c t a n g u l a r   f i n a l   c r o s s   s e c t i o n a l  



s h a p e .   The  d i s a d v a n t a g e   of  t h i s   c o n s t r u c t i o n  i s   t h a t   t h e  

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

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

t r a n s p o s e d ,   d o e s   n o t . c h a n g e   i t s   p o s i t i o n ,   i . e .   i s   n o t   t r a n s -  

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

t h e   c u r r e n t ,   and  t h e   c a b l e   t h e r e f o r e   has   a  p o o r   p a c k i n g   f a c t o r .  

I t   i s ,  t h e r e f o r e ,   an  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  

to   p r o v i d e   an  i m p r o v e d ,  c o n d u c t o r   c a b l e   in  w h i c h   a l l . t h e   s u b -  

c o n d u c t o r s   in   t h e   c o n s t r u c t i o n   a r e   c o n t i n u o u s l y   and  e q u a l l y  

t r a n s p o s e d   and   w h i c h  h a s   an  i m p r o v e d   p a c k i n g   f a c t o r .  

A n o t h e r   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   i s   t o  

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

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

p r i n c i p a l   a s p e c t   of  t h i s   i n v e n t i o n  t h e r e  i s  p r o v i d e d   a  m e t h o d  

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

c a b l e ,   c o m p r i s i n g :  

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

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

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

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

t a n e o u s l y   w i t h   w i n d i n g  t h e   c o n d u c t o r s .   on  t h e   m a n d r e l ,  

c o n t i n u o u s l y   w i t h d r a w i n g   t h e   wound   c a b l e   f rom  t h e . m a n d r e l .  

A l s o ,   t h e r e  i s   p r o v i d e d   in   a c c o r d a n c e   w i t h   t h e  

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

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

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



The  i n v e n t i o n   i s   i l l u s t r a t e d   by  way  of   e x a m p l e  

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

F i g u r e   1  i s   an  i s o m e t r i c   v i e w   of   one  f o r m   o f  

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

F i g u r e   2  i s   an  i s o m e t r i c   v i e w   o f  a n o t h e r  

t r a n s p o s e d   c a b l e   o f   t h e   p r i o r   a r t ;  

F i g u r e   3  i s   an  i s o m e t r i c   v i e w   of   a  c o n t i n u o u s l y  

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

F i g u r e   4  i s   an  i s o m e t r i c   v i e w   of   a n o t h e r  

e m b o d i m e n t   of   t h e   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 ;  

F i g u r e   5  i s   a  d i a g r a m m a t i c   s k e t c h   of  an  a p p a r a t u s  

a r r a n g e d   to   p r o d u c e   t h e   c a b l e   o f   F i g u r e   3;  a n d  

F i g u r e   6  i s   a  d i a g r a m m a t i c   s k e t c h   of   an  a l t e r n a t i v  

a p p a r a t u s   a r r a n g e d   t o   p r o d u c e   t h e   c a b l e   of   F i g u r e   3 .  

F i g u r e   1  i l l u s t r a t e s   a  t r a n s p o s e d   c a b l e   o f  

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

g u l a r   s u b c o n d u c t o r s   o r   s t r a n d s   1,  e a c h   h a v i n g   a  w i d t h   t o  

t h i c k n e s s   r a t i o   o f   a b o u t   3 : 1 ,   a r r a n g e d   in   two  c o l u m n s   o r  

l a y e r s   w i t h   a  s t r a n d   a t   t h e   e n d  o f   one   o f   t h e   l a y e r s  

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

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

by  m e a n s   of  a  f i r s t   d i s c r e t e   b e n d   w h i c h   moves   t h e   s t r a n d   t o  

t h e   a d j a c e n t   l a y e r   and   a  s e c o n d   d i s c r e t e   b e n d   w h i c h   m o v e s  

e a c h   of   t h e   s t r a n d s   i n   t h e  n e w l y  v a c a t e d   l a y e r ,   one   s t r a n d  

p o s i t i o n   in   t h e   s ame   l a y e r   to   f i l l   t h e   l a y e r .   I t   w i l l ,   o f  

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

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

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

and   i s   r e l a t i v e l y   b u l k y .  



Some  of  t h e   p r o b l e m s   of  t h e   c a b l e   of  F i g u r e   1  a r e  

e l i m i n a t e d   w i t h   t h e   c a b l e   of  F i g u r e   2  w h i c h   r e p r e s e n t s   t h e  

s i m p l e s t   and  l e a s t   c o m p l i c a t e d   f o r m   of   a  " L i t z "   c a b l e ,   in  w h i c h  

a  p l u r a l i t y   of   s u b c o n d u c t o r s   or   s t r a n d s   a r e   c o n t i n u o u s l y   t r a n s -  

p o s e d   a b o u t   a  c o r e   c o n d u c t o r   or   s t r a n d   3.  Core   3  may  be  a n  

e l e c t r i c a l   c o n d u c t o r   o r   may  s i m p l y   be  an  i n e r t   c o r e   s u c h   as  a  

r o p e   c o r e .   The  s t r a n d s   2  may  be  s i n g l e   c o n d u c t o r s   or  may  t h e m -  

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

l a i d   or   o t h e r w i s e   t r a n s p o s e d ,   and  t h e   r e s u l t   i s   a  u n i f o r m l y  

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

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

c o r e   3.  L i t z   c a b l e   may  be  r o l l   f o r m e d   t o   a  r e c t a n g u l a r   s h a p e   o r  

f l a t t e n e d   and  may  h a v e   m u l t i l a y e r s   of  u n i l a i d   c o n d u c t o r s .  

F i g u r e   3  i l l u s t r a t e s   a  c a b l e   4  of  t h e   p r e s e n t  

i n v e n t i o n   in   i t s   s i m p l e s t   f o r m   and  w h i c h   c o n s i s t s   of  a  p l u r a l i t y  

of  c i r c u l a r   i n s u l a t e d   or   u n i n s u l a t e d   s u b c o n d u c t o r s   5  c a b l e d  

t o g e t h e r   w i t h o u t   a  c o r e   c o n d u c t o r   or   t h e   l i k e ,   so  t h a t   e a c h  

and  e v e r y   s u b c o n d u c t o r   5  i s   u n i f o r m l y   and  c o n t i n u o u s l y   t r a n s p o s e d  

a l o n g   t h e   l e n g t h   of   t h e   c a b l e .   I t   w i l l ,   of  c o u r s e ,   be  a p p r e c i -  

a t e d   t h a t   e a c h   s u b c o n d u c t o r   5  may  be  a  s i n g l e   s t r a n d   or   a  n u m b e r  

of  b u n c h   l a i d   or   c a b l e d   s u b - s u b c o n d u c t o r s   w h i c h   may  in  t u r n   b e  

c a b l e d .   The  c a b l e   4  may  be  r o l l   f o r m e d   to   a c h i e v e   c o m p a c t i o n  

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

The  c a b l e   4  o f   F i g u r e   3  i s   m a n u f a c t u r e d   u s i n g   a  

m e t h o d  a n d   a p p a r a t u s   as  i l l u s t r a t e d   s c h e m a t i c a l l y   in  F i g u r e   5 .  

R e f e r r i n g   now  to   F i g u r e   5  t h e r e   i s   i l l u s t r a t e d   a  p l u r a l i t y   o f  

c a b l e   s p o o l s   10,  e a c h   c a r r y i n g   a  s u p p l y   of  i n s u l a t e d   or  u n -  

i n s u l a t e d   c o n d u c t o r   w i r e   s t r a n d s ,   r o t a t a b l y   m o u n t e d   a d j a c e n t  

t h e   p e r i p h e r y   of  a  c i r c u l a r   b a s e   member   11  w h i c h   in  t u r n   i s  

m o u n t e d   on  an  a x l e   12  d r i v e n   f o r   a x i a l   r o t a t i o n   by  means  o f  



d r i v e   m e a n s   19.   W i r e s   f r o m   s p o o l s   10  a r e   d r a w n   t h r o u g h  

r e s p e c t i v e   g u i d e   h o l e s   13  in   a  f e e d   s t r a n d   g u i d e   14  m o u n t e d  

on  a x l e   12  f o r   r o t a t i o n   t h e r e w i t h .   The  w i r e s ,   as  t h e y   a r e  

d r a w n   f r o m   t h e   s p o o l s   a r e   wound   a r o u n d   a  m a n d r e l   15  w h i c h  

e x t e n d s   a x i a l l y   f r o m   a x l e   12  and   i s   s t a t i o n a r y   r e l a t i v e   t h e r e t o .  

The  w i r e s   a r e   d r a w n   f r o m   t h e   s p o o l s   by  means   o f   any  s u i t a b l e  

c a b l e   g r i p p i n g   and   d r a w i n g   d e v i c e   s h o w n   s c h e m a t i c a l l y   a t   1 6 .  

The  c a b l e d   c o n d u c t o r s   a r e   c o n t i n u o u s l y   d r a w n   o f f   m a n d r e l   15  

as  t h e y   a r e   w o u n d   t h e r e a r o u n d   and   d o w n s t r e a m   f r o m   t h e   m a n d r e l  

t h e   c a b l e   may  be  p r e s s  r o l l e d   a t   17  t o   c o m p r e s s   and   s h a p e   t h e  

c a b l e   i n t o   a  r e c t a n g u l a r ,   s q u a r e   o r   s h e e t ,   i . e .   t h i n   s t r i p  

c r o s s - s e c t i o n a l   s h a p e   as  r e q u i r e d .   The  c a b l e   may  a l s o   b e  

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

1 8 .   A  b a r r i e r   s t r i p   20 ,   f r o m   s p o o l   21 ,   may  be  i n t r o d u c e d   b e t w e e n  

t h e   m a n d r e l   15  and   t h e   c o n d u c t o r s .   The  c o n d u c t o r s   and   b a r r i e r  

s t r i p   a r e   p u l l e d   o f f   t h e   m a n d r e l   s i m u l t a n e o u s l y   so  t h a t ,   a f t e r  

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

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

o t h e r .   As  i n d i c a t e d   a b o v e ,   t h e   s u b c o n d u c t o r s   may  be  i n s u l a t e d  

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

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

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

t h e  s t r a n d s   may  r e q u i r e   i n s u l a t i o n   so  as  to   k e e p   e d d y   c u r r e n t s  

s m a l l .   I t   w i l l   be  o b s e r v e d   t h a t   i f   a  b a r r i e r   s t r i p   i s  

i n t r o d u c e d ,   as   d e s c r i b e d   a b o v e ,   d u r i n g   m a n u f a c t u r e ,   i t   i s   o n l y  

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

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

A  s l i g h t l y   more   c o m p l e x   e m b o d i m e n t   o f   t h e   i n v e n t i o n  

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

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



ind  t h e n   b u n c h e d ,   c a b l e d   or  o t h e r w i s e   t r a n s p o s e d   to  fo rm  a  

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

c u r r e n t   u n i f o r m l y .  

A n o t h e r   m o r e   c o m p l e x   e m b o d i m e n t   of  t he   i n v e n t i o n  

is  i l l u s t r a t e d   in  F i g u r e   4.  In  t h i s   e m b o d i m e n t ,   a  s e c o n d   l a y e r  

of  s u b c o n d u c t o r s   45  ( w h i c h   may  be  e i t h e r   s i m p l e   c o n d u c t o r s   o r  

nay  c o n s i s t   of  s u b - s u b c o n d u c t o r s )   i s   wound  in  t h e   same  d i r e c -  

t i o n   o v e r   t h e . t o p   of  t h e   f i r s t   l a y e r   46  a f t e r   t h i s   l a y e r   h a s  

b e e n   r o l l   f o r m e d   i n t o   a  c o m p a c t   r e c t a n g u l a r   s h a p e   so  as   t o   f o r m  

a  u n i d i r e c t i o n a l l y   l a i d ,   or  u n i l a i d ,   c a b l e .   The  s e c o n d   l a y e r  

is   a l s o  r o l l   f o r m e d   in   o r d e r   t o   c o m p a c t   t h e   c a b l e   and  to   m a k e  

i t s   c r o s s - s e c t i o n   r e c t a n g u l a r .  

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

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

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

r e f e r e n c e   t o   F i g u r e   5  b e c o m e s   d i f f i c u l t   and  t h e   c o n t i n u o u s l y  

t r a n s p o s e d   c a b l e   may  be  m a n u f a c t u r e d   as  shown  in  F i g u r e   6.  I n  

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

a r r a y   of   r e e l s   61  r o t a t a b l y   m o u n t e d   on  a  f i x e d   f r a m e   t h r o u g h   a  

s t r a n d   g u i d e   62  o n t o   a  r o t a t i n g   m a n d r e l   63  by  a  t a k e   up  r e e l  

67.  A  b a r r i e r   s t r i p   64  f o r m e d   i n t o   a  c y l i n d e r   a t   65  may  b e  

i n t r o d u c e d   b e t w e e n   t h e   m a n d r e l   63  and  t h e   c o n d u c t o r   a s  

d e s c r i b e d   a b o v e .   The  c o n d u c t o r   and  b a r r i e r   s t r i p   a r e   s l i d   o v e r  

the   r o t a t i n g   m a n d r e l   c o n t i n u o u s l y   and  t h e n   r o l l   f o r m e d   a t  6 6  

to  a c h i e v e   c o m p a c t i o n   and   to   fo rm  t h e   c o n d u c t o r   i n t o   a  

r e c t a n g u l a r   or  s h e e t   f o r m .   In  t h i s   e m b o d i m e n t  t h e   r o l l   f o r m i n g  

m e c h a n i s m   66  m u s t   be  r o t a t e d   a t   t h e   same  s p e e d   as  t h e   m a n d r e l  

63  as  m u s t   t h e   t a p i n g   m a c h i n e   ( i f   p r o v i d e d )   and  t h e   t a k e - u p  

r e e l   67.  An  a l t e r n a t i v e   m e t h o d   of  a c h i e v i n g   c o m p a c t i o n   i s   t o  

use   s u b c o n d u c t o r s   w h i c h   a r e   a l r e a d y   s q u a r e   in  c r o s s - s e c t i o n   o r  



to   u s e   r o u n d   s u b c o n d u c t o r s   b u t   to   r o l l   f o rm  them  (68)  i n t o   a  

r e c t a n g u l a r   s h e e t   p r i o r   to   w i n d i n g   them  on  t he   r o t a t i n g  

m a n d r e l   ( 6 3 ) .  

C a b l e s   m a n u f a c t u r e d   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   o f f e r   s e v e r a l   a d v a n t a g e s   o v e r   t h e   t r a n s p o s e d   c a b l e s  

of   t h e   p r i o r   a r t .   Fo r   e x a m p l e :  

(a)  A l l   s u b c o n d u c t o r s   o f   t h e   new  c a b l e   a r e   i d e n t i c a l l y ,  

c o n t i n u o u s l y ,   and  u n i f o r m l y   t r a n s p o s e d .   C o n v e n t i o n a l   t r a n s p o s e d  

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

(b)  S i n c e   a l l   s t r a n d s   a r e   t r a n s p o s e d   in  an  i d e n t i c a l  

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

p r o j e c t i o n s   or   b u l g e s   w h i c h   w o u l d   make   i t   d i f f i c u l t   to   w i n d .  

(c)  The  l e n g t h   a l o n g   t h e   c a b l e   w h i c h   i s   r e q u i r e d   t o  

make  a  c o m p l e t e   t r a n s p o s i t i o n   of   a l l   s u b c o n d u c t o r s   can   b e  

made  v e r y   s h o r t   by  i n c r e a s i n g   t h e   p i t c h   when  w i n d i n g   t h e   s u b -  

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

t r a n s p o s i t i o n   c an   be  made  much  s h o r t e r   t h a n   i s   p o s s i b l e   i n  

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

(d)  The  c o n t i n u o u s l y   t r a n s p o s e d   c a b l e   of   t h e   p r e s e n t  

i n v e n t i o n   c an   be  made  e i t h e r   f r o m   r e c t a n g u l a r   s u b c o n d u c t o r s  

or   r o u n d   s u b c o n d u c t o r s .   I f   r o u n d   s u b c o n d u c t o r s   a r e   u s e d ,   t h e  

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

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

s u b c o n d u c t o r s .  

(e)  S i n c e   t h e   s u b c o n d u c t o r s   e v e n   a f t e r   r o l l   f o r m i n g   h a v e  

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

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

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

p i e c e   o f   a p p a r a t u s   in   w h i c h   t h e   c a b l e   i s   u s e d .   For   e x a m p l e ,  



t h e   m a g n e t i c   f i e l d   of   an  a i r   c o r e   r e a c t o r   i s   m a i n l y   a x i a l   n e a r  

t h e   m i d - p l a n e   and  n e a r l y   r a d i a l   in  t h e   e n d - p l a n e   of   t h e   r e a c t o r .  

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

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

i n c i d e n t   f i e l d ,   i t   i s   d i f f i c u l t   t o   a c h i e v e   low  e d d y   l o s s e s   i n  

an  a i r   c o r e   r e a c t o r   i f   r e c t a n g u l a r   s u b c o n d u c t o r s   a r e   u s e d .   I f  

t h e   s u b c o n d u c t o r s   a r e   a r r a n g e d   so  t h a t   t h e i r   t h i n   s i d e   i s   n o r m a .  

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

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

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

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

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

i s   r a d i a l .   S i n c e   t h e   s u b c o n d u c t o r s   in   t h e   p r e s e n t   c a b l e   a r e  

n e a r l y   s q u a r e ,   t h e i r   s h a p e   i s   n e a r l y   o p t i m u m   in  a l l   r e g i o n s   o f  

t h e   a i r   c o r e   r e a c t o r .  

( f )   S i n c e   t h e   p r e s e n t   c a b l e   can   be  m a n u f a c t u r e d   f r o m  

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

r e q u i r e d   in   o r d e r   to   a c h i e v e   a  v e r y   l a r g e   v a r i e t y   of   c a b l e  

c r o s s - s e c t i o n s .  

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

b e i n g   wound   w i t h   e i t h e r   s i d e   n o r m a l   t o   t h e   c o i l   a x i s   w h i c h  

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

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

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

t r a n s p o s e d   c a b l e   w i t h   i t s   l a r g e   s i d e . n o r m a l   t o   t h e   c o i l   a x i s .  

(h)  The  s u b c o n d u c t o r s   may  t h e m s e l v e s   be  c o m p o s e d   o f  

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

c o n d u c t o r s .  

( i )   The  c o n t i n u o u s l y   t r a n s p o s e d   c a b l e   may  be  t a p p e d   a t  



any  p o i n t .   T h i s   i s   n o t   e a s i l y   d o n e   w i t h   many  o t h e r   t y p e s   o f  

t r a n s p o s e d   c a b l e .  

In  o r d e r   t o   i l l u s t r a t e   t h e   a d v a n t a g e s   of  t h e  

p r e s e n t   i n v e n t i o n   in   p r a c t i c e ,   in  b o t h   low  and  h i g h   f r e q u e n c y  

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

E x a m p l e   1 

C o m p a r i s o n   of   C o n t i n u o u s l y   T r a n s p o s e d   C a b l e   and  R e c t a n g u l a r  
D i s c r e t e   T r a n s p o s e d   C a b l e   in   42  MVA,  VAR  C o m p e n s a t i o n   R e a c t o r  

The  o v e r a l l   d i m e n s i o n s   of   t h i s   c o i l   w i l l   be  t h e  

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

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

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

R e c t a n g u l a r   t r a n s p o s e d   c a b l e   c o n s i s t e d   o f   s u b -  

c o n d u c t o r s   o f   r e c t a n g u l a r   s e c t i o n .   The  w i d t h   to   t h i c k n e s s  

r a t i o s   o f   t h e   s u b c o n d u c t o r s   w e r e   in   t h e   r a n g e   o f   2 :1   or  3 : 1 .  

Eddy  l o s s   i s   p r o p o r t i o n a l   to   t h e   c u b e   of  t h e   d i m e n s i o n   w h i c h  

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

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

t h e i r   s m a l l e s t   d i m e n s i o n   s e e s   t h e   i n c i d e n t   f i e l d   in   one   p a r t  

of   t h e   w i n d i n g   ( n o r m a l l y   t h e   m i d d l e   p o r t i o n )   b u t   t h e   l a r g e r  

d i m e n s i o n   w i l l   s e e   t h e   l a r g e s t   p o r t i o n   of  t h e   f i e l d   in   a n o t h e r  

p a r t   o f   t h e   w i n d i n g   ( t h e   end   p o r t i o n )   and  t h e   e d d y   l o s s   w i l l  

be  s i g n i f i c a n t l y   h i g h e r .   In  t h e   c a s e   of   t h e   c o n t i n u o u s l y  

t r a n s p o s e d   c a b l e   t h e   s u b c o n d u c t o r s   c an   be  r o u n d   o r   s q u a r e  

and  h e n c e   t h e   e d d y   l o s s   w i l l   be  t h e   same  in  a l l   p a r t s   of   t h e  

w i n d i n g .  

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

of   .05  by  .10   w i t h   a  c r o s s - s e c t i o n a l   a r e a   of  . 0 0 5   i n . 2 .   T h e  

e q u i v a l e n t   a r e a   of   r o u n d   s u b c o n d u c t o r s   f rom  c o n t i n u o u s l y  

t r a n s p o s e d   s h e e t   w o u l d   be  .08  i n .   in   d i a m e t e r .   The  n e t   s a v i n g  



in  e d d y   l o s s   i s   c a l c u l a t e d   to  be  10%,  i . e .   t h e   r o u n d   s u b c o n d u c -  

t o r   w o u l d   h a v e   10%  l o w e r   e d d y   l o s s .   H o w e v e r   i t   m u s t   be  e m p h a s i z e d  

t h e   r e c t a n g u l a r   s u b c o n d u c t o r s   of   .05  x  .1  i n .   a r e   a b o u t   t h e  

s m a l l e s t   t h a t   e x i s t i n g   t r a n s p o s i n g   m a c h i n e s   can   h a n d l e .   I n  

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

on  t h e   o r d e r   of  .05  i n .   in  d i a m e t e r   w e r e   u t i l i z e d   w i t h   n o  

d i f f i c u l t y .   The  e d d y   l o s s   w a s ,   t h e r e f o r e ,   39%  of   t h a t   f o r  

.08  i n .   d i a m e t e r   r o u n d   and  29%  o f   t h e   r e c t a n g u l a r   s u b c o n d u c t o r  

( . 0 5   x  . 1 0 ) .   The  c o n t i n u o u s l y   t r a n s p o s e d   c a b l e   w i l l   h a v e   m o r e  

s u b c o n d u c t o r s .  

E x a m p l e   2 

C o m p a r i s o n   o f   C o n t i n u o u s l y   T r a n s p o s e d   C a b l e   and  R e c t a n g u l a r  
D i s c r e t e   T r a n s p o s e d   C a b l e   in   an  A i r  C o r e   C o m m u t a t i o n   R e a c t o r  
r a t e d   1 0 - µ H ,   300  a m p e r e s   r . m . s .  

The  r i n g i n g   f r e q u e n c y   i s   4  kHz  and  t h e   Q  a t   t h e  

f r e q u e n c y   m u s t   be  a p p r o x i m a t e l y   2 5 0 .   In  o r d e r   t o   m e e t   t h e   Q -  

r e q u i r e m e n t s   and  t h e   rms  c u r r e n t   r e q u i r e m e n t s ,   i t   c a n   be  s h o w n  

t h a t   a p p r o x i m a t e l y   2800  s t r a n d s   of   #30  AWG  i n s u l a t e d   c o p p e r   i n  

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

w i l l   c o m p r i s e   80  #30  c o n d u c t o r s   in   b u n c h   l a y ,   t h e n   34  s u b c o n d u c t o i  



w i l l   be  r e q u i r e d .  

U s i n g   t h e   c a b l e   c o n s t r u c t i o n   d e s c r i b e d   h e r e i n ,   34 

s u b c o n d u c t o r s   e a c h   c o m p r i s i n g   80  #30  b u n c h e d   c o p p e r   s t r a n d s  

may  be  u s e d   to   p r o d u c e   a  f l a t   c a b l e   a b o u t   two  i n c h e s   w i d e   a n d  

0 . 2   i n c h e s   t h i c k .   T h i s   c a b l e   w i l l  b e   p e r f e c t l y   t r a n s p o s e d   a n d  

h a v e   a  p a c k i n g   f a c t o r   o f   a b o u t   0 . 6 .   In  t h e   a l t e r n a t i v e   i t   i s  

p o s s i b l e   to   u s e   17  s u b c o n d u c t o r s   e a c h   c o m p r i s i n g   80  b u n c h e d  

#30  c o p p e r   s t r a n d s   t o   p r o d u c e   a  1  i n c h   by  0 . 2   i n c h   f l a t   c a b l e  

h a v i n g   a  p a c k i n g   f a c t o r   o f   0 . 6 .   Two  o f  t h e s e   c a b l e s   can   b e  

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

t h e m s e l v e s   to   c a r r y   e q u a l   c u r r e n t s .  

I f   r e g u l a r   " L i t z " - w i r e   i s  t o  b e   m a d e ,   t h e r e   a r e  

s e v e r a l   o p t i o n s .   I f   o n l y   one   c a b l i n g  o p e r a t i o n   i s   p e r m i t t e d ,  

t h e n   i n   o r d e r   t o   g u a r a n t e e   p e r f e c t   t r a n s p o s i t i o n ,   a  t y p e   4  L i t z  

c o n s t r u c t i o n   m u s t   be  u s e d   w h i c h   c o n s i s t s   o f   34  s u b c o n d u c t o r s  

c a b l e d   a r o u n d   a  c e n t r a l   n o n - c o n d u c t i n g   c o r e .   The  d i a m e t e r   o f  

t h i s   c a b l e   w i l l   be  a p p r o x i m a t e l y   1 . 2  i n c h e s  a n d   t h e   p a c k i n g  

f a c t o r   a p p r o x i m a t e l y   0 . 1 9 ,   o n l y   1 /3   o f   t h a t   f o r   t h e   c o n t i n u o u s l y  

t r a n s p o s e d   s h e e t .   A  17  s u b c o n d u c t o r   c a b l e   w o u l d   h a v e   a  p a c k i n g  

f a c t o r   o f   o n l y   0 . 2 6 ,   l e s s   t h a n   1 /2   t h a t   of  t h e   c o n t i n u o u s l y  

t r a n s p o s e d   c a b l e .  

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

s h e e t  i s   a p p r o x i m a t e l y   20%  l i g h t e r  a n d   2 5 %  s m a l l e r   i n  d i a m e t e r  

and  h e i g h t   f o r   t h e   s ame   Q  f a c t o r .  

When  m a k i n g   c a b l e   f o r   h i g h - f r e q u e n c y   u s e ,   i t   i s  

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

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

two  o p e r a t i o n s   ( b u n c h i n g   and   c a b l i n g )   and  t o   p r o v i d e   a t   t h e  

same  t i m e   a  v e r y   g o o d   p a c k i n g   f a c t o r   ( g r e a t e r   t h a n   0 . 5 ) .   W i t h  



c o n v e n t i o n a   L i t z ,   t h e   o n l y   way  to  p e r f e c t l y   t r a n s p o s e   a  l a r g e  

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

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

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

s u b c o n d u c t o r s   t h e   p o o r e r   t h e   p a c k i n g   f a c t o r .  



1.  A  m e t h o d   of   m a k i n g   a  c o n t i n u o u s l y   and  u n i f o r m l y  

t r a n s p o s e d   e l e c t r i c a l   c a b l e ,   c h a r a c t e r i z e d   in  w i n d i n g   a  

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

m a n d r e l   so  as  to   be  i n   p a r a l l e l   s i d e - b y - s i d e   r e l a t i o n  

t h e r e a r o u n d   a t   a  s e l e c t e d   a c u t e   a n g l e   t h e r e t o   so  as  t o  

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

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

t h e   wound   c a b l e   f r o m   s u c h   m a n d r e l .  

2.  A  m e t h o d   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 z e d  

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

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

r e l a t i v e   t o   s a i d   m a n d r e l .  

3.  A  m e t h o d   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 z e d  

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

s i d e - b y - s i d e   r e l a t i o n ,   a r e   wound   o n t o   an  a x i a l l y   r o t a t i n g  

m a n d r e l   f r o m   f e e d   m e a n s   s t a t i o n a r y   r e l a t i v e   to   s a i d   m a n d r e l .  

4.  A  m e t h o d   as  c l a i m e d   i n   any   of   t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i z e d   in   t h a t   t h e   wound   c a b l e   i s   r o l l   f o r m e d  

to   s e l e c t e d   c r o s s - s e c t i o n a l   s h a p e   as   i t   i s   w i t h d r a w n   f r o m  

t h e   m a n d r e l   and  a t   a  p o s i t i o n   d o w n s t r e a m   f rom  t h e   m a n d r e l .  

5.  A  m e t h o d   as  c l a i m e d   in   C l a i m s   1,  2  or   3 

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

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

t h a t   t h e  c o n d u c t o r s   a r e   wound   o n t o   s u c h   b a r r i e r   s t r i p   m e a n s  

on  t h e   m a n d r e l .  



6.  A  m e t h o d   as  c l a i m e d   in  a n y  o f   t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i z e d   in  t h a t   t h e   wound  c a b l e   i s   w r a p p e d  

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

7.  A  m e t h o d   as  c l a i m e d   in  C l a i m   3  c h a r a c t e r i z e d  

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

d e v i c e   l o c a t e d   b e t w e e n   t h e   f e e d   m e a n s   and  t h e   m a n d r e l .  

8.  An  e l e c t r i c a l   c a b l e   m a n u f a c t u r e d   in   a c c o r d a n c e  

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

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

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

l e n g t h   of   t h e   c a b l e .  

9.  A  c a b l e   as  c l a i m e d   in   C l a i m   8  c h a r a c t e r i z e d   i n  

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

10.  A  c a b l e   as  c l a i m e d   in   C l a i m   8,  c h a r a c t e r i z e d  

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

c o n d u c t o r s .  

11.   A  c a b l e   as  c l a i m e d   in   C l a i m   10,  c h a r a c t e r i z e d  

in   t h a t   t h e   s u b c o n d u c t o r s   a r e   b u n c h e d ,   c a b l e d   or   t r a n s p o s e d .  

-12.  A  c a b l e   as  c l a i m e d   i n   C l a i m s   8,  9  or   1 0 ,  

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

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

f i r s t   g r o u p   of   c o n d u c t o r s .  

13.  A  c a b l e   as  d e f i n e d   in   any  of  t h e   p r e c e d i n g  

C l a i m s   8  to   12,   c h a r a c t e r i z e d   in  t h a t   t h e r e   a r e   a t   l e a s t   t w o  

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

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



14.  A  c a b l e   as  c l a i m e d   in  any  of  t h e   p r e c e d i n g  

C l a i m s   8  t o   13,   c h a r a c t e r i z e d   in  t h a t   t h e   c a b l e   i s   r o l l  

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

15.   A  c a b l e   as  c l a i m e d   in  any  of   t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in   t h a t   t h e   c o n d u c t o r s   r o l l e d   o n t o  

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

16.   A  c a b l e   as   c l a i m e d   in  any  of   t h e   p r e c e d i n g  

C l a i m s   1  t o   14,  c h a r a c t e r i z e d   in  t h a t   e a c h   of   s a i d   c o n d u c t o r s  

i s   s q u a r e   in   c r o s s - s e c t i o n a l   s h a p e .  

17.   An  i n d u c t i v e   d e v i c e   c o m p r i s i n g   two  or   m o r e  

c o n c e n t r i c   c y l i n d r i c a l   c o i l s   wound  f r o m   one  or   more   c a b l e s  

as  d e f i n e d   in   any  o f   t h e   p r e c e d i n g   C l a i m s   8  t o - 1 3 .  
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