
fcuropatserres  Paten  t a m t  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number 0  2 0 7   6 1 2  

A 2  

EUROPEAN  PATENT  APPLICATION 

(21)  Application  number:  86303803.0 

@  Date  of  filing:  19.05.86 

©  Int  CI.*:  H  01  B  13 /04  

(30)  Priority:  28.05.85  CA  482544 

©  Date  of  publication  of  application  : 
07.01.87  Bulletin  87/2 

©  Designated  Contracting  States: 
CH  DE  FR  GB  IT  LI  SE 

5)  Applicant:  NORTHERN  TELECOM  LIMITED 
600  de  la  Gauchetiere  Street  West 
Montreal  Quebec  H3B  4N7(CA) 

Inventor:  Garner,  John  Nicholas 
169  Liddell  Crescent 
Kingston  Ontario(CA) 

5)  Representative:  Crawford,  Andrew  Birkby  et  al, 
A.A.  THORNTON  &  CO.  Northumberland  House  303-306 
High  Holborn 
London  WC1V7LE(GB) 

(54)  Manufacture  of  telecommunications  cable  core  units. 
©  Forming  a  core  unit  from  telecommunications  conductor 
units  (10)  of  twisted  together  conductors  in  which  the  units  are 
first  changed  in  relative  positions  laterally  of  their  passline 
and  then  are  passed  between  two  rollers  (64,66)  to  form  them 
into  a  curved  array.  The  positions  of  the  units  in  the  array 
influence  their  final  positions  in  the  core  unit  as  they  move 
towards  a  core  unit  closure  device  (24).  Hence  as  the  positions 
in  the  array  change  because  of  the  positional  change  in  rela- 
tive  positions  of  the  units  upstream  from  the  array,  then  the 
units  change  in  relative  positions  in  the  core  unit  by  extending 
backwards  and  forwards  around  the  core  unit  axis. 

t  

s  

D 

D 
M 

u  

royaon  mming  company  Ltd. 



rwiurAUUKt   Ur  TELECOMMUNICATIONS  CABLE  CORE  U N 1 T S O 2 0 7 6 1 2  

This  I n v e n t i o n   r e l a t e s   to  the  m a n u f a c t u r e   o f  

t e l e c o m m u n i c a t i o n s   cab le   core  u n i t s .  

A  t e l e c o m m u n i c a t i o n s   cab le   is  c o n s t r u c t e d   with  a  c o r e  

c o m p r i s i n g   one  or  more  core  u n i t s ,   each  having  a  m u l t i p l i c i t y   o f  

t w i s t e d   u n i t s   of  c o n d u c t o r s ,   each  u n i t   c o n v e n t i o n a l l y   being  a  t w i s t e d  

pai r   of  c o n d u c t o r s .   A  core  may  be  formed  as  a  s i n g l e   core   un i t   o f  

tw i s t ed   p a i r s ,   e . g .   f i f t y   or  one  hundred  p a i r s ,   or  l a r g e r   c o r e s ,   i . e .  

jp  to  t h i r t y - s i x   hundred  t w i s t e d   p a i r s ,   each  compr ise   a  p l u r a l i t y   o f  

:ore  u n i t s .   The  t w i s t e d   pa i r s   are  s t r a n d e d   t o g e t h e r   to  form  a  c o r e  
m i t   with  the  c o n d u c t o r s   of  each  pa i r   t w i s t e d   t o g e t h e r   with  a 

• r e d e t e r m i n e d   lead  to  the  t w i s t ,   i . e .   the  d i s t a n c e   taken  a long  t h e  

»a1r  for  each  c o n d u c t o r   to  comple te   a  s i n g l e   r e v o l u t i o n   a long   i t s  

a th .   This  d i s t a n c e   is  normal ly   r e f e r r e d   to  as  the  " t w i s t   lay"  of  t h e  
air ."   There  are  d i f f e r e n t   t w i s t   lays   p rov ided   for  the  t w i s t e d   p a i r s  

n  a  core  un i t   with  a  pa i r   having  a  p a r t i c u l a r   t w i s t   lay  b e i n g  

d j a c e n t   to  o t h e r   p a i r s   of  d i f f e r e n t   t w i s t   l a y s .   Care  1s  t a k e n ,   so  

ar  as  1s  p r a c t i c a b l e ,   to  ensure   t h a t   pa i r s   of  equal  or  s i m i l a r   t w i s t  

ays  are  s e p a r a t e d   from  each  o t h e r .   The  reason  for  t h i s   a r r a n g e m e n t  

5  an  a t t e m p t   to  maximize  the  communica t ions   pe r fo rmance   of  the  c a b l e ,  

.g.  to  l e s s e n   p a i r - t o - p a i r   c a p a c i t a n c e   u n b a l a n c e ,   to  r e d u c e  

• o s s - t a l k   between  the  pa i r s   and  to  lower  the  c o e f f i c i e n t   of  d e v i a t i o n  
f  mutual  c a p a c i t a n c e   of  pa i r s   in  the  c a b l e .   To  reduce  t h e  

i r - t o - p a i r   c a p a c i t a n c e   unba lance   and  to  improve  c r o s s - t a l k ,  

g g e s t i o n s   have  been  made  to  move  the  c o n d u c t o r   p a i r s   r e l a t i v e   to  one 
o t h e r   as  they  p r o g r e s s   towards  a  s t r a n d i n g   machine  for  s t r a n d i n g  

em  in to   a  core   un i t   so  t h a t   in  the  f i n i s h e d   core  u n i t ,   the  c o n d u c t o r  

1rs  change  1n  r e l a t i v e   p o s i t i o n s   and  d i s t a n c e s   a p a r t .   In  a 

gges t ed   method  for  changing  the  r e l a t i v e   p o s i t i o n   of  c o n d u c t o r   p a i r s  
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as  they   move  towards   the  s t r a n d i n g   mach ine ,   the  c o n d u c t o r   p a i r s   e n t e r  

a  guide  a r r a n g e m e n t   which  c o m p r i s e s   a  system  of  h o r i z o n t a l   g u i d e s  

movable  h o r i z o n t a l l y   and  l o c a t e d   1n  v e r t i c a l l y   t i e r e d   f a s h i o n .   T h i s  

method  was  f i r s t   s u g g e s t e d   by  S.  Norblad  of  T e l e f o n a k t i e b o l a g e t   L.M. 

E r i c s s o n ,   in  a  paper  e n t i t l e d   " C a p a c i t a n c e   U n b a l a n c e  

T e l e c o m m u n i c a t i o n s   Networks"  read  be fo re   the  I n t e r n a t i o n a l   Wire  and  

Cable  Symposium  1n  1 9 7 1 .  

F u r t h e r   methods  of  chang ing   the  r e l a t i v e   p o s i t i o n s   of  t h e  

c o n d u c t o r   p a i r s   have  a l so   been  s u g g e i t t d .   Thtse  i n c l u d e   the  me thod  

and  accompany ing   a p p a r a t u s   which  is  d e s c r i b e d   and  c la imed  in  U .S .  

P a t e n t   A p p l i c a t i o n   Se r i a l   No.  6 3 7 , 5 9 4 ,   f i l e d   August  3,  1984  ( C a n a d i a n  

A p p l i c a t i o n   459,921  f i l e d   Ju ly   27,  1984) ,   and  e n t i t l e d   " M a n u f a c t u r e   o f  

T e l e c o m m u n i c a t i o n s   Cable  Core  Un i t s "   in  the  name  of  J .N.  Garne r .   I n  

t h a t   p a t e n t   a p p l i c a t i o n ,   a p p a r a t u s   is  d e s c r i b e d   for  forming  a  c o r e  

u n i t   in  which  a  p l u r a l i t y   of  p o s i t i o n   chang ing   means  are  p rov ided   f o r  

c o n d u c t o r   u n i t s ,   each  p o s i t i o n   chang ing   means  o p e r a t i n g   to  change  t h e  

p o s i t i o n   of  a  c o n d u c t o r   un i t   a c r o s s   the  f e e d p a t h   r e l a t i v e   to  o t h e r  

u n i t s .   In  t h i s   a p p a r a t u s ,   each  p o s i t i o n   changing  means  c o m p r i s e s   a 

guide   and  means  to  r e c i p r o c a l l y   move  the  guide  a c ro s s   the  f e e d p a t h .  

The  p o s i t i o n   changing   means  are  d i s p o s e d   in  s e r i e s   with  one  a n o t h e r  

a long  the  f e e d p a t h   with  t h e i r   r e c i p r o c a t i n g   means  o v e r l a p p i n g   one 

a n o t h e r   in  a  view  taken  a long  the  f e e d p a t h   and  the  a r r a n g e m e n t   o f  

p o s i t i o n   chang ing   means  is  such  t h a t   each  guide  is  a l i g n e d   f o r  

u n o b s t r u c t e d   passage   of  a  c o n d u c t o r   un i t   as  it   moves  along  t h e  

f e e d p a t h .  

Thus  a l t h o u g h   s u g g e s t i o n s   have  been  made  to  move  t h e  

c o n d u c t o r   p a i r s   r e l a t i v e   to  one  a n o t h e r   in  the  f i n i s h e d   core  u n i t ,   i t  

s t i l l   r emains   n e c e s s a r y   to  use  a  s t r a n d i n g   machine  to  p r o v i d e   a  c o r e  

u n i t   in  which  the  t w i s t e d   c o n d u c t o r   u n i t s   move  around  the  ax i s   of  t h e  
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core   u n i t   as  they  extend  along  I t s   l e n g t h .   This  type  of  a s sembly   o f  

core  u n i t   is  p r e f e r r e d ,   because   i t   p rov ides   a  more  p o s i t i v e  

a s semb ly   of  the  conduc to r   u n i t s   1n  a  core  unit   and  a l so   e n a b l e s   t h e  

f i n i s h e d   cab le   to  be  f l exed   e i t h e r   dur ing   spoo l ing   or  l a y i n g   I n t o  

o p e r a t i n g   p o s i t i o n   by  v i r t u e   of  the  f ac t   tha t   the  c o n d u c t o r   u n i t s  

ex tend   a n g u l a r l y   around  the  core   u n i t .  

While  s t r a n d i n g   machines   are  o b v i o u s l y   very  e f f i c i e n t   i n  

p r o d u c i n g   the  r e q u i r e d   core  u n i t   s t r u c t u r e ,   they  are  of  c o m p l e x  

c o n s t r u c t i o n .   A  core  uni t   t a k e - u p   reel   is  r e q u i r e d   which  needs  to  be 

r o t a t e d   not  only  around  i t s   own  a x i s ,   but  also  around  the  ax i s   of  t h e  

machine  so  as  to  s i m u l t a n e o u s l y   p rov ide   the  s t r a n d i n g   a c t i o n   of  t h e  

s t r a n d i n g   machine  and  a lso   t a k e - u p   the  core  unit   a f t e r   i t s   f o r m a t i o n .  

The  t a k e - u p   r e e l ,   e s p e c i a l l y   when  p a r t i a l l y   or  a lmost   c o m p l e t e l y  

loaded  wi th   core  u n i t ,   has  s u b s t a n t i a l   weight  and  thus  p r o v i d e s   a 

s u b s t a n t i a l   moment  of  i n e r t i a   as  i t   is  r o t a t e d   around  the  axis   of  t h e  

s t r a n d i n g   machine  to  provide   the  s t r a n d i n g   a c t i o n .   To  p rov ide   f o r  

such  a  r o t a t i o n a l   movement,  s t r a n d i n g   machines  are  very  h e a v i l y   b u i l t  

snd  are  e x p e n s i v e   to  m a n u f a c t u r e .   In  a d d i t i o n   to  t h i s ,   because   of  t h e  

l o c a t i o n   of  the  t a k e - u p   reel  and  the  need  for  1t  to  r o t a t e   about   two 

ixes ,   1t  1s  an  e x t r e m e l y   t e d i o u s   and  time  consuming  o p e r a t i o n   for  a 

: o m p l e t e l y   loaded  t ake -up   reel   to  be  removed  and  for  a  s u c c e e d i n g   and 

;mpty  reel   to  be  l o c a t e d   w i t h i n   the  s t r a n d i n g   m a c h i n e .  

It  is  an  o b j e c t   of  the  p r e s e n t   Inven t ion   to  p rov ide   a  me thod  

md  a p p a r a t u s   for  forming  a  core  un i t   which  avoids  the  use  of  a 

i t r a n d i n g   machine  while  caus ing   c o n d u c t o r   un i t s   to  extend  around  t h e  

:ore  un i t   at  an  angle   to  i t s   l e n g t h .   It  is  also  an  o b j e c t   of  t h e  

n v e n t i o n   to  p rov ide   a  method  and  a p p a r a t u s   which,  while   a v o i d i n g   t h e  

ise  of  a  s t r a n d i n g   machine ,   e n a b l e s   the  core  unit   so  formed  to  be 

ssembled  d i r e c t l y   onto  a  t a k e - u p   reel   which  is  r o t a t i n g   1n  one  
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d i r e c t i o n   only  or  a l t e r n a t i v e l y ,   e n a b l e s   the  comple t ed   c o r e  

moved  d i r e c t l y   1n  l i n e   or  1n  tandem  with  a p p a r a t u s   which  p r o v i d e s   t h e  

co re   u n i t   with  e i t h e r   a  s u r r o u n d i n g   shea th   or  s h i e l d   or  a  j a c k e t  

m a t e r i a l   or  b o t h .  

A c c o r d i n g l y ,   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 p p a r a t u s   f o r  

f o rming   a  core  un i t   from  t e l e c o m m u n i c a t i o n s   c o n d u c t o r   u n i t s   e a c h  

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

d o w n s t r e a m   d i r e c t i o n   along  a  p a s s l i n e   for  the  c o n d u c t o r   u n i t s ,   a 

p o s i t i o n   changing   means  fer   changing   the  p o s i t i o n s   of  l a t e r a l l y  

s p a c e d - a p a r t   c o n d u c t o r   u n i t !   a c r o s s   the  p a s s l i n e   and  r e l a t i v e   to  o t h e r  

c o n d u c t o r   u n i t ,   c o n d u c t o r   ynl t   a r r a y   forming  means  c o m p r i s i n g   a t  

l e a s t   two  r o l l e r s   having  r o t a t i o n a l   axes  one  downst ream  from  the  o t h e r  

wi th   opposed  p e r i p h e r a l   s u r f a c e s   of  the  r o l l e r s   s p a c e d - a p a r t   one  on 

each  s i de   of  the  p a s s l i n e ,   each  s u r f a c e   chang ing   In  d i a m e t e r   along  i t s  

l e n g t h   with  one  s u r f a c e   having  i t s   s m a l l e s t   d i a m e t e r   and  the  o t h e r   i t s  

l a r g e s t   d i a m e t e r   at  a  p o s i t i o n   i n t e r m e d i a t e   i t s   ax i a l   ends ,   t h e  

p o s i t i o n s   and  c o n f i g u r a t i o n s   of  the  s u r f a c e s   being  such  t h a t   t o g e t h e r  

t h e y   are  o p e r a b l e   to  p o s i t i o n   the  c o n d u c t o r   u n i t s   in  an  a r r a y   as  t h e  

c o n d u c t o r   u n i t s   move  t owards ,   pas t   and  then  beyond  the  r o l l e r s ,   t h e  

a r r a y   e x t e n d i n g   in  two  p lanes   1n  a  s e c t i o n   t aken   a c r o s s   the  p a s s l i n e ,  

the  r o l l e r s   e n a b l i n g   the  c o n d u c t o r   u n i t s   to  move  a c r o s s   the  a r r a y  

d e p e n d e n t   upon  the  p o s i t i o n a l   charge   caused  by  the  p o s i t i o n   c h a n g i n g  

means ;   and  core  un i t   forming  means  for  c aus ing   c o n v e r g e n c e   of  t h e  

c o n d u c t o r   u n i t s   in  the  a r r a y   to  b r ing   them  t o g e t h e r   with  the  r e l a t i v e  

p o s i t i o n s   of  the  conduc to r   u n i t s   changing   in  the  core  u n i t   as  t h e y  

e x t e n d   a long  the  core  u n i t ,   each  c o n d u c t o r   un i t   e x t e n d i n g   around  t h e  

co re   u n i t   axis   a l t e r n a t e l y   in  o p p o s i t e   d i r e c t i o n s   as  i n f l u e n c e d   by  i t s  

movement  a c r o s s   the  a r r a y .  

In  a  p r e f e r r e d   c o n s t r u c t i o n ,   the  p o s i t i o n   chang ing   means  i s  
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o p e r a b l e   for  c o n t i n u o u s   o p e r a t i o n   to  move  the  conduc to r   u n i  

the  p a s s l i n e   in  a  con t inuous   f a s h i o n .   In  a  f u r t h e r   p r e f e r r e d  

a r r a n g e m e n t ,   one  of  the  r o l l e r s   has  a  concave  p e r i p h e r a l   s u r f a c e   a n d  

the  o t h e r   a  convex  p e r i p h e r a l   s u r f a c e .  

The  I n v e n t i o n   a lso  p r o v i d e s   a  method  for  forming  a  core  u n i t  

from  t e l e c o m m u n i c a t i o n s   c o n d u c t o r   u n i t s   each  formed  of  t w i s t e d  

t o g e t h e r   i n s u l a t e d   c o n d u c t o r s ,   the  method  compr i ses   (a)  moving  a 

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

p a s s l i n e   w h i l e : -   moving  the  l a t e r a l l y   spaced  conduc to r   u n i t s   in to   a n  

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

e x t e n d i n g   in  two  p lanes   1n  a  s e c t i o n   a c r o s s   the  p a s s l i n e ,   and  mov ing  

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

p a s s l i n e   I n d e p e n d e n t l y   of  o the r   u n i t s   at  a  p o s i t i o n   ups t ream  from  t h e  

a r r a y   so  t h a t   each  conduc to r   un i t   moves  a l t e r n a t e l y   in  o p p o s i t e  

d i r e c t i o n s   ac ros s   the  a r ray   and  the  c o n d u c t o r   un i t s   move  l a t e r a l l y  

r e l a t i v e   to  one  ano the r   in  the  a r r a y ;   and  (b)  caus ing   the  c o n d u c t o r  

u n i t s   in  the  a r r ay   to  converge  as  they  c o n t i n u e   along  the  p a s s l i n e   s o  

as  to  b r ing   them  t o g e t h e r   to  form  the  core  un i t   with  the  r e l a t i v e  

p o s i t i o n s   of  the  conduc to r   u n i t s   changing   1n  the  core  uni t   a s  

i n f l u e n c e d   by  t h e i r   r e l a t i v e   p o s i t i o n s   in  the  a r ray   and  with  e a c h  

c o n d u c t o r   un i t   moving  around  the  core  un i t   axis   a l t e r n a t e l y   i n  

o p p o s i t e   d i r e c t i o n s   as  it   moves  along  the  core  uni t   and  as  i n f l u e n c e d  

by  i t s   movement  ac ross   the  a r r a y .  

By  the  use  of  the  a p p a r a t u s   and  the  method  a c c o r d i n g   to  t h e  

i n v e n t i o n ,   c o n d u c t o r   un i t s   are  caused  to  move  around  the  axis   of  t h e  

:ore  un i t   as  they  extend  along  I ts   l e n g t h .   While  the  c o n d u c t o r   u n i t s  

rfill  not  c o n t i n u o u s l y   move  around  the  core  un i t   axis  in  a  s i n g l e  

i i r e c t i o n ,   as  in  c o n v e n t i o n a l   c o n s t r u c t i o n s ,   n e v e r t h e l e s s   t h e  

i d v a n t a g e s   o b t a i n e d   by  a  c o n v e n t i o n a l   core  un i t   c o n s t r u c t i o n   wil l   be 
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o b t a i n e d   with  a  core   un i t   made  in  the  i n v e n t i v e   manner.   Movement  o f  

the  c o n d u c t o r   u n i t s   in  o p p o s i t e   d i r e c t i o n s   around  the  axis   of  the  c o r e  

un i t   formed  by  the  I n v e n t i v e   method  and  a p p a r a t u s   p rov ide   the  a n g u l a r  

o r i e n t a t i o n   r e l a t i v e   to  the  ax ia l   d i r e c t i o n   so  as  to  enab le   the  c o r e  

u n i t   and  the  f i n i s h e d   cable   to  be  f l exed   in  the  a c c e p t a b l e   f a s h i o n .  

In  the  core  un i t   made  by  the  method  a c c o r d i n g   to  the  i n v e n t i o n ,   1 f  

s u f f i c i e n t   l a t e r a l   movement  Is  p rov ided   for  each  of  the  c o n d u c t o r  

u n i t s   in  the  a r r a y ,   then  each  c o n d u c t o r   un i t   as  i t   ex tends   a x i a l l y  

may  a l so   move  around  the  core  un i t   axis   for  a lmost   a  c o m p l e t e  

r e v o l u t i o n   in  each  d i r e c t i o n .  

One  embodiment  of  the  i n v e n t i o n   will   now  be  d e s c r i b e d ,   by 

way  of  example ,   with  r e f e r e n c e   to  the  accompanying  d r a w i n g s ,   i n  

w h i c h : -  

Figure   1  is  a  s ide  e l e v a t l o n a l   view  of  a p p a r a t u s   for  f o r m i n g  

a  core   un i t   from  c o n d u c t o r   p a i r s ;  

F igure   2  is  a  s ide  e l e v a t i o n   of  a  p o s i t i o n   chang ing   means  

for   c o n d u c t o r   p a i r s   and  on  a  l a r g e r   s c a l e   than  shown  in  F igure   1 ;  

F igure   3  is  a  view  of  the  p o s i t i o n   changing   means  in  t h e  

d i r e c t i o n   of  arrow  III   in  Figure  2 ;  

F igure   4  is  a  c r o s s - s e c t i o n a l   view  of  the  p o s i t i o n   c h a n g i n g  

means  taken   a long  l i n e   IV-  IV  in  Figure  2  and  on  a  l a r g e r   s c a l e ;  

Figure   5  is  a  end  view  of  a  d e t a i l   in  the  same  d i r e c t i o n   a s  

F igure   3  and  on  a  l a r g e r   s c a l e ;  

Figure   6  is  a  c r o s s - s e c t i o n a l   view  taken  along  l i n e   VI-  VI  i n  

F igure   2 ;  

F igure   7  is  a  c r o s s - s e c t i o n a l   view  taken  along  l i n e   VI  I-  VI  I 

in  F igure   6  and  on  a  l a r g e r   s c a l e ;  

F igure   8  is  a  s ide  e l e v a t i o n a l   view  of  a  c o n d u c t o r   u n i t  

a r r a y   forming  means  and  core  un i t   means  and  shown  on  a  l a r g e r   s c a l e  
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Figure   9  1s  a  view  of  a  pa r t   of  the  a p p a r a t u s   1n  Figure   8 

and  1n  the  d i r e c t i o n   of  arrow  IX  in  F igure   8 ;  

F igure   10  is  a  view  of  the  a p p a r a t u s   taken  in  c r o s s - s e c t i o n  

5  of  the  c o n d u c t o r   u n i t s   along  the  l i n e   X-X  1n  Figure   8 ;  

F igu re s   11  and  12  are  c r o s s - s e c t i o n a l   views  r e s p e c t i v e l y  

t aken   a long   l i n e s   XI-XI  and  XII-XII  1n  F igure   8 ;  

F igure   13  is  a  c r o s s - s e c t i o n a l   view  through  the  c o n d u c t o r  

u n i t s   t aken   a long  the  l ine   X I I I - X I I I   in  F igure   1  to  show  i n  

10  d i a g r a m m a t i c   f a s h i o n ,   the  r e l a t i v e   p o s i t i o n s   of  conduc to r   u n i t s   f rom 

t i m e - t o - t i m e   as  they  i ssue   from  the  p o s i t i o n   changing  m e a n s ;  

F igu re s   14,  15  and  16  are  views  s i m i l a r   to  Figure  13  t a k e n  

a long  l i n e s   XIV-XIV,  XV-XV  and  XVI-XVI  1n  Figure   8  to  show  t h e  

r e l a t i v e   p o s i t i o n s   in  the  conduc to r   u n i t s   a f t e r   passage  th rough   t h e  

15  a r r a y   forming  means  and  a lso  dur ing  c o n v e r g e n c e   of  the  c o n d u c t o r   u n i t s  

du r ing   core   un i t   f o r m a t i o n ;  

Figure   17  is  a  d iagrammat ic   c r o s s - s e c t i o n a l   view  th rough   a 

f i n i s h e d   core   un i t   and  showing  the  p o s i t i o n a l   change  of  v a r i o u s  

c o n d u c t o r   u n i t s   w i t h i n   the  core  u n i t ;  

20  Figure   18  is  a  view  s i m i l a r   to  Figure  1  of  one  end  of  a 

m o d i f i c a t i o n   of  the  embodiment;  and 

Figure   19  is  a  view  s i m i l a r   to  Figure  1  of  a  s e c o n d  

e m b o d i m e n t .  

The  a p p a r a t u s   accord ing   to  the  i n v e n t i o n   is  p a r t i c u l a r l y  

■5  u se fu l   for   a  tandem  or  " i n - l i n e "   o p e r a t i o n   for  t w i s t i n g   I n d i v i d u a l l y  

i n s u l a t e d   c o n d u c t o r s   t o g e t h e r   into  c o n d u c t o r   pa i r s   and  then  f o r  

forming  t h e s e   c o n d u c t o r   pa i r s   into  a  core  u n i t .  

As  shown  1n  the  embodiment,  t w e n t y - f i v e   conduc to r   p a i r s   10 

( F i g u r e   1)  each  formed  from  two  t w i s t e d   t o g e t h e r   i n d i v i d u a l l y  



n s u l a t e d   c o n d u c t o r s ,   are  drawn  from  t w e n t y - f i v e   r e e l s   12  of  t h e  

onduc to r   pa i r s   in  c o n v e n t i o n a l   f a s h i o n .   A  core  un i t   14  is  formed 

t  the  downstream  end  of  the  a p p a r a t u s   by  pass ing   the  c o n d u c t o r   p a i r s  

hrough  a  c l o s ing   die  16  which  draws  the  c o n d u c t o r   p a i r s   t o g e t h e r   and 

b ind ing   head  18  at  which  p o s i t i o n   a  b ind ing   m a t e r i a l   is  c l o s e d  

round  the  drawn  t o g e t h e r   conduc to r   p a i r s   to  hold  them  t o g e t h e r   in  

o n v e n t i o n a l   manner.  The  c l o s i n g   die  forms  par t   of  a  core  u n i t  

orming  means  24  for  caus ing   d i v e r g e n c e   of  the  c o n d u c t o r   u n i t s   into  a 

ore  u n i t .  

Disposed  between  the  r e e l s   12  and  the  means  24  are  a 

>osi t ion   changing  means  assembly  20  and  a  c o n d u c t o r   un i t   a r r a y   f o r m i n g  

leans  22.  The  p o s i t i o n   changing  means  and  the  c o n d u c t o r   un i t   a r r a y  

rorming  means  ensure   t h a t   the  c o n d u c t o r   p a i r s   are  moved  r e l a t i v e   t o  

;ach  o ther   and  in  such  a  f a sh ion   t h a t   the  f i n i s h e d   core  un i t   has  

:onduc tor   pa i r s   e x t e n d i n g   around  i t s   axis   a l t e r n a t e l y   in  e a c h  

i i r e c t i o n   as  the  conduc to r   u n i t s   extend  along  the  l e n g t h   of  the  c o r e  

j n i t .  

The  p o s i t i o n   changing  means  assembly   20  and  a  guide  means  26 

tfhich  precedes   i t   are  of  the  c o n s t r u c t i o n   d e s c r i b e d   in  a  c o p e n d i n g  

U.S.  Patent   A p p l i c a t i o n   Ser ia l   No.  637,594  f i l e d   August  3,  1984 

(Canadian  A p p l i c a t i o n   459,921  f i l e d   July  27,  1984)  e n t i t l e d  

"Manufac ture   Of  Te lecommunica t ions   Cable  Core  UnitsM  in  the  name  o f  

J.N.  G a r n e r .  

The  guide  means  26  compr i ses   a  r o l l e r   28  which  is  f r e e l y  

r o t a t a b l y   mounted  upon  a  machine  frame  (not  shown)  and  the  r o l l e r   i s  

provided  with  a  p l u r a l i t y   of  a n n u l a r   grooves  (not  shown)  as  d e s c r i b e d  

in  the  a f o r e m e n t i o n e d   a p p l i c a t i o n .   As  can  be  seen  from  Figure  1,  t h e  

conduc to r   pa i rs   are  fed  from  the  r e e l s   12  and  th rough   the  guide  means .  

Each  conduc tor   pair   is  d i sposed   in  i t s   own  i n d i v i d u a l   groove  in  t h e  
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r o l l e r   28  so  as  to  m a i n t a i n   the  conduc to r   pa i r s   s e p a r a t e   from  one  

a n o t h e r   as  they  approach   the  p o s i t i o n   changing  means  assembly  2 0 .  

As  shown  by  F igures   2  and  3,  a  p l u r a l i t y   of  p o s i t i o n  

changing   means  30  are  p rovided   in  the  assembly  20  for  the  c o n d u c t o r  

p a i r s ,   one  p o s i t i o n   changing  means  for  each  p a i r .   The  p o s i t i o n  

changing   means  are  all   housed  wi th in   a  s t r a i g h t   s ided  frame  32.  The 

p o s i t i o n   changing  means  are  d i sposed   in  two  g roups ,   one  v e r t i c a l l y  

above  the  o t h e r ,   with  the  p o s i t i o n   changing  means  in  each  group  l y i n g  

in  s e r i e s   with  one  a n o t h e r   along  the  f eedpa th   for  the  c o n d u c t o r  

p a i r s .   Each  p o s i t i o n   changing  means  compr ises   a  guide  34  for  a 

: o n d u c t o r   pa i r .   This  gu ide ,   as  shown  by  Figure  4  has  a  guide  p a s s a g e  

36  t ha t   is  formed  with  two  side  wings  38  a t t a c h e d   with  r i v e t s   40  to  an 

endless   moving  means  for  the  guide ,   the  moving  means  compr i s i ng   a  f l a t  

J l a s t i c s   bel t   42  th rough  which  the  r i v e t s   40  pass .   The  e n d l e s s   moving 

leans  also  comprises   a  chain  44  which  ex tends   between  the  ends  of  t h e  

>elts  as  shown  in  Figure   7.  Each  end l e s s   moving  means  has  a 

l o r i z o n t a l   f l i g h t   45  formed  by  the  be l t   42  and  the  a s s o c i a t e d   g u i d e  

14,  the  bel t   mounted  around  two  pu l l eys   46  at  the  s ides   of  the  m a c h i n e  

rame  to  proceed  as  two  f l i g h t s   48  towards  a  sp rocke t   50  around  which  

he  chain  44  passes .   The  end le s s   moving  means  ove r l ap   one  a n o t h e r ,   a s  

hown  p a r t i c u l a r l y   in  Figure  3,  and  the  a r rangement   is  such  tha t   e a c h  

uide  is  a l igned   for  u n o b s t r u c t e d   passage  for  i ts   conduc to r   pa i r   a s  

he  pa i r   moves  along  the  f e e d p a t h .   This  c l e a r   passage  for  movement  i s  

ch ieved   by  d i s p o s i n g   the  h o r i z o n t a l   f l i g h t s   45  of  the  b e l t s   42  o f  

ach  group  of  p o s i t i o n   changing  means  at  d i f f e r e n t   v e r t i c a l   l e v e l s   as  

hown  by  Figure  3.  In  p r a c t i c e ,   with  the  lower  group,   the  h o r i z o n t a l  

l i g h t s   are  d i s p l a c e d   p r o g r e s s i v e l y   v e r t i c a l l y   upwards  from  one 

hanging  p o s i t i o n   to  the  next  in  the  downstream  d i r e c t i o n   of  t h e  

eedpa th   by  l o c a t i n g   the  pu l l eys   upwardly  from  each  p o s i t i o n   c h a n g i n g  



leans  to  the  next  on  suppor t s   55  (see  Figure  5).  In  c o n t r a s t   t h e  

l o r i z o n t a l   f l i g h t s   of  the  upper  group  are  d i s p l a c e d   v e r t i c a l l y  

iownwards  in  a  downstream  d i r e c t i o n   of  the  f e e d p a t h .   The  h o r i z o n t a l  

F l i gh t s   of  the  two  groups  oppose  each  o t h e r   ac ross   the  f e e d p a t h s   and 

ipproach  each  o the r   p r o g r e s s i v e l y   in  a  downstream  d i r e c t i o n .   The 

i d v a n t a g e s   for  t h i s   a r rangement   are  as  d i s c u s s e d   in  the  a f o r e m e n t i o n e d  

jppl  i c a t i o n .  

Each  of  the  end less   moving  means  is  movable  i n d e p e n d e n t l y   o f  

the  o t h e r s .   For  t h i s   r e a s o n ,   each  p o s i t i o n   changing  means  is  p r o v i d e d  

rfith  i t s   own  r e v e r s i b l e   s t e p p e r   motor  52  (see  Figures  2,  3  and  7 ) .  

Ml  of  the  s t e p p e r   motors  52  are  mounted  remote ly   from  the  h o r i z o n t a l  

f l i g h t s   by  being  a t t a c h e d   to  upper  and  lower  panels  54  of  the  m a c h i n e  

s t and .   Each  motor  is  d i r e c t l y   d r i v a b l y   connec ted   to  a  s p r o c k e t   50 

rthich  engages  with  i ts   r e s p e c t i v e   cha in   44  as  shown  by  Figure   7.  The 

dr ive   motors  may  be  dr iven  at  the  same  speed  as  each  o the r   w h e r e b y  

the  gu ides   34  move  along  t h e i r   h o r i z o n t a l   f l i g h t s   at  the  same  s p e e d  

but  out  of  phase  with  each  o t h e r .   However,  in  th is   embodiment  t h e  

d r ive   motors  are  dr iven  at  speeds  which  are  s l i g h t l y   d i f f e r e n t   f rom 

each  o the r   so  t h a t   the  p o s i t i o n a l   r e l a t i o n s h i p   of  all  of  the  guides   i s  

c o n t i n u o u s l y   changing  while  r educ ing   the  p o s s i b i l i t y   of  a  se t   p a t t e r n  

of  movement  of  the  guides  34.  

A  r e v e r s i n g   means  is  p rov ided   for  each  drive  motor  52  t o  

cause  i t s   b e l t   42  to  r e c i p r o c a t e .   As  shown  by  Figure  7,  and  more 

c l e a r l y   d e s c r i b e d   in  the  a f o r e m e n t i o n e d   a p p l i c a t i o n ,   the  r e v e r s i n g  

means  for  each  d i r e c t i o n   of  movement  of  a  be l t   42  compr i ses   a  m a g n e t  

c a r r i e d   in  one  leg  of  a  head  58  which  is  U-shaped  in  side  e l e v a t i o n  

(not   shown).   The  o ther   leg  c a r r i e s   a  magnet ic   f i e l d   r e c e i v i n g   means 

in  the  form  of  a  coil  (not  shown)  a f f e c t e d   by  i nduc tance   of  t h e  

magne t i c   f i e l d   c r e a t e d   by  the  magnet .   Each  coil   sends  s i g n a l s   in to   an 
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e l e c t r i c a l   c i r c u i t   (not  shown),  the  s t r e n g t h   of  the  s i g n a l s   d e p e n d e n t  

upon  the  s t r e n g t h   of  the  magnet ic   f i e l d   induced  in  the  co i l   and 

produced  by  the  magnet.   A  t r i g g e r   device   in  the  form  of  an  arm  60  i s  

secured   to  and  p r o j e c t s   s ideways  from  the  chain  44  so  as  to  be  a l i g n e d  

with  the  gap  in  the  head  58.  The  p o s i t i o n   of  the  arm  on  the  chain  i s  

d i c t a t e d   by  the  p o s i t i o n   r e q u i r e d   to  i n f l u e n c e   the  magne t ic   f i e l d ,  

i . e .   by  a  l o c a t i o n   wi th in   the  gap  when  the  guide  34  is  at  the  end  o f  

i t s   movement  on  the  h o r i z o n t a l   f l i g h t   of  i t s   be l t   in  the  a p p r o p r i a t e  

di  r e c t i o n .  

In  use  of  the  p o s i t i o n   changing  means,  the  c o n d u c t o r   p a i r s  

10  are  fed  to  t h e i r   i n d i v i d u a l   changing  means  20  in  the  manne r  

d e s c r i b e d   with  r e f e r e n c e   to  Figure  1.  Each  conduc to r   pa i r   is  p a s s e d  

through  a  r e s p e c t i v e   guide  34  and  proceeds   from  t h e r e   around  two  in  

s e r i e s   a r r angemen t   r o l l e r s   62  p r io r   to  pass ing   to  the  c o n d u c t o r   u n i t  

a r r a y   forming  means.  As  the  conduc to r   pa i r s   move  along  t h e i r  

f e e d p a t h s   in  spaced  p o s i t i o n s   through  the  p o s i t i o n   changing   means,  t h e  

i n d e p e n d e n t   motors  52  r o t a t e   at  t h e i r   own  speed,   p o s s i b l y   c o n t r o l l e d  

by  a  compute r ,   so  as  to  move  the  b e l t s   42  to  r e c i p r o c a t e   the  g u i d e s  

h o r i z o n t a l l y .   During  t h i s   movement,  each  of  the  c o n d u c t o r   p a i r s  

passes   both  over  and  under  h o r i z o n t a l   f l i g h t s   of  the  b e l t s   42  o f  

p o s i t i o n   changing  means  in  i t s   own  group,   as  shown  by  Figure  2.  In 

t h i s   f i g u r e ,   the  paths  of  only  six  conduc to r   pa i r s   10  are  shown  f o r  

c l a r i t y .   Movement  of  the  guides  34  i n d e p e n d e n t l y   of  o the r   g u i d e s  

c o n t i n u o u s l y   changes  the  r e l a t i v e   p o s i t i o n s   of  all  of  the  c o n d u c t o r  

p a i r s   as  they  pass  through  the  p o s i t i o n   changing  means.  Thus  as  

conduc to r   pa i r s   pass  around  the  a r rangement   r o l l e r   62,  t h e i r   p o s i t i o n s  

in  the  plane  of  c o n t a c t   with  the  r o l l e r s   are  dependent   upon  t h e  

p o s i t i o n s   of  the  pa i r s   at  any  p a r t i c u l a r   time  moving  through  t h e  

guides  34.  The  r e l a t i v e   l a t e r a l   movement  of  conduc to r   p a i r s   will   be 
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j i s c u s s e d   be low.  

While  the  p o s i t i o n   changing  means  is  useful   for  p r o d u c i n g  

p o s i t i o n a l   change  of  conduc to r   un i t s   in  the  f i n i s h e d   core   u n i t ,  

any  p r o g r e s s i o n   of  c o n d u c t o r   un i t s   around  the  axis  of  the  core  uni t   a s  

they  extend  along  i t s   l eng th   is  a  random  o c c u r r e n c e   and  takes   place  i n  

3  l o c a l i z e d   r eg ion .   In  the  a f o r e m e n t i o n e d   A p p l i c a t i o n   Se r i a l   No. 

637,594,   the  p r o g r e s s i o n   around  the  core  uni t   was  p rovided   by  a 

s t r a n d i n g   machine  in  c o n v e n t i o n a l   f a s h i o n .   In  the  a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   however,   the  s t r a n d i n g   machine  is  r e p l a c e d   by  t h e  

conduc tor   un i t   a r r ay   forming  means  22  which  s i m p l i f i e s   the  s t r u c t u r e  

Df  the  a p p a r a t u s   and  a lso   s i m p l i f i e s   the  r e e l i n g   of  cab le   core  and 

removal  of  f i l l e d   r e e l s   and  t h e i r   r e p l a c e m e n t .  

To  be  able  to  provide   for  any  movement  of  each  c o n d u c t o r  

uni t   around  the  core  un i t   axis   in  p r o g r e s s i v e   f a s h i o n ,   then  t h e  

conduc to r   uni t   a r ray   forming  means  must  produce  movement  of  e ach  

conduc to r   pair   not  only  in  one  plane  as  with  the  p o s i t i o n   c h a n g i n g  

means,  but  a lso  in  a  second  plane  in  a  c r o s s - s e c t i o n   taken  along  t h e  

p a s s l i n e .   To  achieve   t h i s   two  p lanar   movement  of  each  conduc to r   p a i r ,  

the  forming  means  22  o p e r a t e s   to  conver t   the  p lanar   a r r angemen t   of  t h e  

conduc to r   pa i r s   as  they  i s sue   from  the  r o l l e r s   62  into  a  two  p l a n a r  

a r r a y   72  in  a  s e c t i o n   taken  ac ross   the  f e e d p a t h .   Thus  any  l a t e r a l  

movement  of  any  conduc to r   pair   as  produced  by  the  p o s i t i o n   c h a n g i n g  

means,  will  be  t r a n s l a t e d   into  a  movement  ac ross   the  a r r a y   in  two 

di  r e c t i o n s .  

As  can  be  seen  from  Figure  1  and  more  c l e a r l y   from  Figures  8 

and  9,  the  a r r ay   forming  means  compr ises   two  r o l l e r s   64  and  66.  The 

r o l l e r   64  is  d i sposed   with  i t s   axis   of  r o t a t i o n   s l i g h t l y   upstream  f rom 

t h a t   of  r o l l e r   66  with  the  r o l l e r s   d i sposed   one  on  each  s ide   of  t h e  

p a s s l i n e .   The  outer   p e r i p h e r a l   s u r f a c e s   of  the  two  r o l l e r s   vary  i n  
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d i a m e t e r   along  t h e i r   ax ia l   l e n g t h s   as  shown  by  Figure  9.  In  the  c a s e  

of  r o l l e r   64,  i t s   ou te r   p e r i p h e r a l   s u r f a c e   68  is  of  concave  c u r v a t u r e  

whereas  the  s u r f a c e   70  of  r o l l e r   66  is  convex.  As  is  c l e a r l y   s e e n  

from  the  f i g u r e s ,   e s p e c i a l l y   F igures   9  and  10,  the  r o l l e r s   a r e  

d i s p o s e d   so  tha t   t h e i r   s u r f a c e s   while  opposing  one  a n o t h e r   do  not  i n  

f ac t   form  a  nip  between  them  for  the  conduc tor   pa i r s   to  be  moved  a l o n g  

the  p a s s l i n e .   In  c o n t r a s t ,   the  r o l l e r s   coact  so  t ha t   the  s u r f a c e   o f  

each  ro l l   urges  the  c o n d u c t o r   pa i r s   a g a i n s t   the  s u r f a c e   of  the  o t h e r  

ro l l   as  it   passes  between  them  so  as  to  form  a  curved  a r r ay   72  of  t h e  

c o n d u c t o r   pa i r s   as  they  i s sue   downstream  from  the  r o l l e r   66.  Th i s  

curved  a r r ay   is  in  c o n t r a s t   to  the  f l a t   a r ray   which  e x i t s   from  t h e  

r o l l e r s   62  and,  as  can  be  seen  from  Figure  14  p a r t i c u l a r l y ,   has  two 

ends  which  turn  upwardly.   The  spac ing   apar t   of  the  r o l l e r s   64  and  66 

in  the  manner  shown,  en su re s   t ha t   movement  of  the  c o n d u c t o r   pa i r s   c a n  

take  place  l a t e r a l l y   of  the  a r r ay   as  they  move  into  and  between  t h e  

r o l l e r s   so  tha t   the  conduc to r   pa i r s   may  be  moved  r e l a t i v e   to  e ach  

o t h e r .   In  a d d i t i o n   to  t h i s ,   with  the  r o l l e r s   curved  in  o p p o s i t e  

d i r e c t i o n s   as  d e s c r i b e d ,   the  c o a c t i o n   of  the  r o l l e r s   urges  t h e  

conduc to r   pa i r s   into  a  s p e c i f i c   p o s i t i o n   a g a i n s t   each  r o l l e r ,   t h a t  

p o s i t i o n   being  dependent   upon  the  p o s i t i o n   and  d i r e c t i o n   of  movement 

af  each  conduc to r   pair   as  i t   moves  into  con t ac t   with  the  r o l l e r   64.  

In  c o n t r a s t ,   if  the  r o l l e r s   had  a  r e l a t i o n s h i p   t end ing   more  towards  a 

lip  for  passage  of  the  conduc to r   p a i r s ,   then  movement  of  the  p a i r s  

t r a n s v e r s e l y   of  the  a r r ay   could  not  take  place  and  a l so   the re   might  be 

i  t endency   for  the  conduc to r   pa i r s   to  bunch  t o g e t h e r   in  between  t h e  

" o i l e r s   so  as  to  fol low  a  path  of  l e a s t   r e s i s t a n c e   as  they  move 

towards  the  c l o s ing   d i e s .  

The  a r ray   72  i s su ing   from  between  the  r o l l e r s   64  and  66  t h e n  

: o n t i n u e s   towards  the  core  unit   forming  means  24  for  the  c o n d u c t o r  
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a i r s .   As  shown  p a r t i c u l a r l y   by  Figure  11,  the  means  24  compr i ses   an  

pstream  p r o f i l e   die  74  with  o r i f i c e   75  and  a  f u r t h e r   p r o f i l e   die  o r  

ies  76  with  o r i f i c e   77,  thes*e  dies  74  and  76  which  are  for  t h e  

urpose  of  gu id ing   the  conduc to r   pa i r s   in  the  a r r a y   72  into  a  more 

losed  p o s i t i o n   in  which  they  are  a l i gned   with  the  c l o s i n g   die  16 

fhich  causes  f ina l   convergence  of  the  conduc to r   p a i r s   to  form  the  c o r e  

init  14.  As  may  be  seen  from  Figure  11,  the  two  p r o f i l e   die  o r i f i c e s  

5  and  77  are  somewhat  e l onga t ed   v e r t i c a l l y   so  as  to  form  more  of  an  

i l l i p t i c a l   or  oval  shape  as  d i s t i n c t   from  a  c i r c u l a r   o r i f i c e   s h a p e .  

In  order   to  bring  the  conduc to r   pa i rs   into  a l i gnmen t   with  the  c l o s i n g  

lie  o r i f i c e   78  so  as  to  f i l l   i t   wi thout   d i s t o r t i n g   some  pa i r s   more 

:han  o the r s   in  the  c los ing   die  o r i f i c e ,   it  is  e s s e n t i a l   t ha t   t h e  

j r o f i l e   die  o r i f i c e s   75  and  77  have  t h e i r   c e n t e r s   d i s p o s e d   u p w a r d l y  

From  the  c l o s i n g   die  o r i f i c e   78.  As  a  r e s u l t   of  t h i s ,   as  the  a r r a y   o f  

: onduc to r   pa i r s   moves  into  the  o r i f i c e   of  die  74,  the  up tu rned   s i d e  

po r t i ons   of  the  ar ray  engage  the  s ides   80  of  the  o r i f i c e   with  t h e  

cen te r   of  the  a r r ay   engaging  towards  the  bottom  r e g i o n s   of  t h e  

a r i f i c e .   The  conductor   pa i r s   at  the  upwardly  tu rned   side  edges  a r e  

then  d i r e c t e d   more  towards  the  upper  r eg ions   of  the  p r o f i l e   d i e  

o r i f i c e   77  as  these  r eg ions   are  lower  than  those  of  the  die  o r i f i c e  

75.  Hence  the  conductor   pa i r s   move  more  towards  the  upper  r eg ions   o f  

the  dies  as  they  p rogress   from  one  die  to  ano the r   u n t i l   upon  r e a c h i n g  

the  c l o s i n g   die  o r i f i c e   78,  the  conduc to r   pa i r s   engage  around  t h e  

whole  of  the  p e r i p h e r a l   s u r f a c e   of  the  c i r c u l a r   die  o r i f i c e   in  n a t u r a l  

a l i gnmen t   with  the  o r i f i c e   as  they  pass  into  i t .   The  b u n c h i n g  

t o g e t h e r   of  conduc tor   pa i r s   at  t h i s   s t a g e ,   of  c o u r s e ,   ensu res   t ha t   t h e  

die  78  is  f i l l e d   by  the  p a i r s .  

As  will   now  be  d e s c r i b e d ,   the  r e l a t i v e   movement  of  t h e  

conduc to r   pa i r s   in  the  p o s i t i o n   changing  means  and  the  fo rmat ion   o f  
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the  a r r a y   in  the  a r ray   forming  means  causes   the  c o n d u c t o r   p a i r s   t o  

fo l low  a  path  around  the  axis   of  the  core  unit   as  the  core  un i t   i s  

being  formed.  This  p r o g r e s s i o n   of  conduc to r   pa i r s   from  p o s i t i o n  

changing   means  and  into  the  f i n i s h e d   core  unit  will   be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  two  pa i r s   only .   The  a c t i o n   of  these  two  p a i r s   is  t y p i c a l  

of  al l   o t h e r   pa i r s   pa s s ing   through  the  a p p a r a t u s   and  in to   the  c o r e  

u n i t .  

Figure  13  shows,  as  do t s ,   the  p o s i t i o n s   of  a l l   of  t h e  

c o n d u c t o r   pa i r s   10  at  a  s p e c i f i c   time  as  they  emerge  from  the  p o s i t i o n  

changing   means  assembly  20.  At  tha t   t ime,   two  of  the  c o n d u c t o r   p a i r s  

10a  and  10b  are  in  p o s i t i o n s   82  and  84  r e s p e c t i v e l y   as  shown  by  F i g u r e  

13.  Both  conduc to r   pa i r s   10a  and  10b  are  moving  towards   the  l e f t   hand 

side  of  Figure   13  with  c o n d u c t o r   pa i r   10a  having  only  j u s t   commenced 

novement  in  t ha t   d i r e c t i o n   and  conduc to r   pair   10b  a lmost   at  the  end  o f  

i t s   movement  before   r e t u r n i n g   in  the  o p p o s i t e   d i r e c t i o n .  

At  some  l a t e r   t ime ,   and  with  the  conductor   p a i r s   moving  

l a t e r a l l y   at  d i f f e r e n t   s p e e d s ,   conduc to r   pair   10a  has  now  r e a c h e d  

p o s i t i o n   84  towards  the  end  of  i t s   movement  towards  the  l e f t .   At  t h i s  

s t age ,   c o n d u c t o r   pa i r   10b  has  completed  movement  towards   the  l e f t  

»nd  is  at  some  i n t e r m e d i a t e   p o s i t i o n   86  of  movement  towards  the  r i g h t .  

The  c o r r e s p o n d i n g   p o s i t i o n s   80,  82,  84  and  86  for  movement 

)f  the  two  conduc to r   pa i r s   ac ross   the  a r r ay   72  and  as  they  p a s s  

through  the  dies  74  and  76  are  shown  in  Figures  14,  15  and  16 .  

The  p o s i t i o n s   of  conduc to r   pa i r s   in  the  a r r ay   and  as  t h e y  

>ass  th rough   the  p r o f i l e   dies  74  and  76  have  some  con t ro l   over  t h e i r  

>os i t ion   in  the  f i n i s h e d   cable   core  u n i t .   The  f inal   p o s i t i o n   of  each  

•f  the  p a i r s   i s ,   of  c o u r s e ,   also  dependent   upon  the  p r e s s u r e   a p p l i e d  

o  them  in  a  l a t e r a l   d i r e c t i o n   by  o the r   pa i rs   as  they  approach  and 

n te r   the  c l o s i n g   die  18.  Hence,  not  only  is  each  pa i r   moved 



- o g r e s s i v e l y   in  one  d i r e c t i o n   and  then  in  the  o the r   around  the  a x i s  

F  the  core  un i t   as  it   extends  along  the  core  u n i t ,   but  a lso   i t s  

sd ia l   p o s i t i o n   in  the  core  un i t   is  a u t o m a t i c a l l y   d e t e r m i n e d .   This  i s  

l l u s t r a t e d   by  the  p o s i t i o n a l   movement  and  the  path  fo l lowed   by 

a n d u c t o r   p a i r s   10a  and  10b  as  they  turn  around  the  core  uni t   a x i s  

long  an  ax ia l   l ength   of  the  core  u n i t . '   In  Figure  17,  conduc to r   p a i r  

0a  f o l l o w s   the  path  88  around  the  core  uni t   between  the  two  p o s i t i o n s  

0  and  84  while   moving  r a d i a l l y   inwards  and  outwards  randomly  t h r o u g h  

he  core   u n i t .   As  with  all  o the r   conduc to r   p a i r s ,   p a i r s   10a  and  10b 

ove  a lmos t   c o m p l e t e l y   for  360°  around  the  core  uni t   axis   b e f o r e  

hanging   d i r e c t i o n .   As  p o s i t i o n s   80  and  84  in  F igures   13  and  14  a r e  

lmost   at  o p p o s i t e   ends  of  one  comple te   d i r e c t i o n   of  movement,  t h e n  

n  F igure   17,  pa i r   10a  s u b s t a n t i a l l y   comple tes   movement  in  one 

l i r e c t i o n   and  a lmost   one  complete   r e v o l u t i o n   around  the  core  u n i t  

i x i s .  

On  the  o ther   hand,  c o n d u c t o r   pair   10b  in  c o m p l e t i n g   one 

l i r e c t i o n   of  movement  and  then  commencing  to  move  in  the  o p p o s i t e  

l i r e c t i o n   between  p o s i t i o n s   82  and  86,  does  in  fac t   move  to  i t s   l i m i t  

a o s i t i o n   90  in  one  d i r e c t i o n   as  i t   moves  along  path  92  in  Figure  17 

between  the  c o r r e s p o n d i n g   p o s i t i o n s   82  and  86.  

As  may  be  seen,   i t   is  i m p o s s i b l e   for  any  c o n d u c t o r   pa i r   10 

to  form  a  comple te   r e v o l u t i o n   about   the  cable   core  axis   b e f o r e  

chang ing   d i r e c t i o n   of  movement  around  the  ax i s .   Passage  of  the  c l o s e d  

t o g e t h e r   c o n d u c t o r s   in  the  core  un i t   through  the  b inding  head  18 

e f f e c t s   wrapping  of  a  binder   tape  in  c o n v e n t i o n a l   manner  around  t h e  

core  un i t   and  holds  it   in  s u b s t a n t i a l l y   c i r c u l a r   c r o s s - s e c t i o n a l  

s h a p e .  

The  above  embodiment  shows  tha t   with  the  use  of  a p p a r a t u s  

and  a  method  a c c o r d i n g   to  the  i n v e n t i o n ,   conduc to r   p a i r s   in  a  f i n i s h e d  
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core  uni t   may  be  caused  to  fo l low  a  path  which  ex t ends   around  the  a x i s  

of  the  core  uni t   as  the  pa i r s   move  along  the  core  un i t   and  wi thou t   use  

of  a  s t r a n d i n g   machine.   It  fo l lows   tha t   the  core  un i t   is  p r o v i d e d  

with  the  degree  of  f l e x i b i l i t y   which  is  r e q u i r e d   to  enab le   it   to  bend 

and  wi thout   p l ac ing   undue  s t r a i n   on  the  c o n d u c t o r   p a i r s .  

As  can  be  seen  from  Figure  1,  a f t e r   movement  of  the  c o r e  

uni t   through  the  b ind ing   head,  it  is  r e e l e d   onto  a  reel   94.  Because  

the  a p p a r a t u s   causes   the  conduc to r   pa i r s   to  move  around  the  axis  o f  

the  core  uni t   as  d e s c r i b e d ,   t he re   is  no  reason  for  the  reel  94  to  be 

r o t a t e d   around  any  axis  a d d i t i o n a l   to  i t s   normal  r o t a t i o n a l   axis  96. 

Thus  the  reel  94  is  merely  r o t a t e d   around  i t s   own  axis   by  a  motor  98 

and  for  t h i s   purpose  may  be  merely  held  in  b e a r i n g s   at  i t s   ends  in  a 

fixed  p o s i t i o n   machine  frame.  It  fo l lows  t h e r e f o r e   t ha t   it  is  a 

simple  ma t t e r   to  remove  a  f i l l e d   reel  and  to  r e p l a c e   i t   with  an  empty 

"eel  for  a  f u r t h e r   r e e l i n g   o p e r a t i o n   in  a  sho r t   space  of  t ime.  In 

i d d i t i o n   to  t h i s ,   and  as  shown  by  the  m o d i f i c a t i o n   of  Figure  18,  t h e r e  

nay  be  two  or  more  r e e l s   d i sposed   s i d e - b y - s i d e   such  as  r e e l s   94  and 

100  and,  upon  the  reel  94  being  f i l l e d   with  core  u n i t ,   then  the  c o r e  

mi t   i s s u i n g   from  the  c l o s i n g   die  is  fed  onto  the  reel  100  w i t h o u t  

stopping  o p e r a t i o n .  

In  a  second  embodiment  shown  in  Figure  19,  the  r ee l s   a r e  

l i spensed   with  and  the  core  uni t   a f t e r   passage  th rough  the  b i n d i n g  

iead  18  is  then  passed  through  a p p a r a t u s   for  comp le t i ng   manufac tu re   o f  

he  cab le   with  the  core  uni t   forming  the  whole  cab le   core .   The  bound 

ore  un i t   is  fed  in to   a p p a r a t u s   102  for  f o ld ing   a  core  wrap  104  a r o u n d  

he  core  uni t   and  for  p l ac ing   a  metal  s h i e l d   or  shea th   106  onto  t h e  

ore  un i t   p r io r   to  e x t r u d i n g   a  j a c k e t   around  the  un i t   by  the  e x t r u s i o n  

ead  108.  The  a p p a r a t u s   for  p rov id ing   the  core  wrap,  shea th   and 

acket   are  of  c o n v e n t i o n a l   c o n s t r u c t i o n   and  do  not  r e q u i r e  
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d e s c r i   p t i o n .  

The  p o s s i b i l i t y   of  app ly ing   a  core  wrap,  shea th   and  j a c k e t  

in  tandem  with  core  un i t   f o r m a t i o n   a lso  makes  i t   p o s s i b l e   to  t a n d e m i z e  

the  above  o p e r a t i o n   with  the  t w i s t i n g   of  i n d i v i d u a l l y   i n s u l a t e d  

c o n d u c t o r s   in to   conduc to r   p a i r s   when  i n c o r p o r a t e d   with  a p p a r a t u s   a s  

d e s c r i b e d   in  U.S.  Patent   A p p l i c a t i o n   Ser ia l   No.  565,634  f i l e d   December 

27,  1983  (Canadian  A p p l i c a t i o n   444 ,295 ,   f i l e d   December  23,  1983)  and  

e n t i t l e d   "Forming  Cable  Core  Uni ts"   and  in  the  names  of  J,  B o u f f a r d ,  

A.  Dumoulin  and  M.  Seguin.   As  d e s c r i b e d   in  A p p l i c a t i o n   Se r i a l   No. 

565 ,634 ,   in  the  second  embodiment  of  Figure  19,  the  r e e l s   of  c o n d u c t o r  

p a i r s   are  r ep laced   by  a  p l u r a l i t y   of  t w i s t i n g   machines  110,  i . e .   one 

for  each  conduc tor   pa i r   10.  These  machines  110  may  be  of  c o n v e n t i o n a l  

c o n s t r u c t i o n   and  each  have  two  r e e l s   of  i n d i v i d u a l   i n s u l a t e d  

c o n d u c t o r .   The  two  c o n d u c t o r s   of  each  machine  are  t w i s t e d   t o g e t h e r   a s  

they  leave   the  machine.   The  t w i s t e d   pa i r s   then  pass  t h rough   a  t e n s i o n  

r educ ing   means  which  enab l e s   the  t w i s t i n g   machines  to  be  p laced   i n  

tandem  with  the  core  uni t   forming  means.  The  t e n s i o n   r e d u c i n g   means 

compr i s e s   two  c y l i n d e r s   112  and  114  which  are  r o t a t i n g   at  a  p e r i p h e r a l  

speed  g r e a t e r   (e .g .   b%  g r e a t e r )   than  the  draw  speed  of  the  c o n d u c t o r  

p a i r s   in to   the  c l o s i n g   die  78.  As  d e s c r i b e d   in  A p p l i c a t i o n   Se r i a l   No. 

5 6 5 , 6 3 4 ,   the  c y l i n d e r s   do  not  d r ive   the  conduc to r   p a i r s   a long  t h e i r  

f e e d p a t h .   I n s t e a d ,   the  a r eas   of  c o n t a c t   between  c y l i n d e r s   112  and  114 

and  c o n d u c t o r   pa i r s   are  mere ly   s u f f i c i e n t   to  a s s i s t   in  drawing  t h e  

pa i r s   through  the  a p p a r a t u s   with  some  s l i p p a g e   because  of  the  e x c e s s  

p e r i p h e r a l   speed  of  the  c y l i n d e r s .   The  degree  of  gr ip   of  t h e  

c o n d u c t o r   pa i rs   upon  the  c y l i n d e r s   and  which  thus  c o n t r o l s   the  amount  

of  a s s i s t a n c e   provided  by  the  c y l i n d e r s   in  drawing  the  c o n d u c t o r   p a i r s  

from  the  t w i s t i n g   machines ,   is  dependent   upon  the  degree  of  t e n s i o n   i n  

each  conduc to r   pair   downstream  from  the  c y l i n d e r s .  
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Hence,  when  there   is  a  small  t e n s i o n   in  any  pai r   d o w n s t r e a m  

from  the  c y l i n d e r s ,   the  c y l i n d e r s   p rovide   no  a s s i s t a n c e   in  drawing  t h e  

pa i r s   10  because  the  grip  upon  the  c y l i n d e r s   is  u n s u b s t a n t i a l .   I f  

downstream  t e n s i o n   i n c r e a s e s ,   t h e r e b y   i n c r e a s i n g   t h i s   g r i p ,   t h e  

c y l i n d e r s   provide  a  degree  of  a s s i s t a n c e   c o r r e s p o n d i n g   to  the  d e g r e e  

of  g r i p .   Of  cou r se ,   immed ia t e ly   t h i s   a s s i s t a n c e   is  g iven ,   t h e  

downstream  t e n s i o n   reduces  t h e r e b y   r educ ing   the  degree  of  gr ip   and  

thus  of  c y l i n d e r   a s s i s t a n c e .   The  c y l i n d e r s   thus  reduce  the  t e n s i o n s  

downstream  to  enable  the  conduc to r   pa i r s   to  be  formed,  at  low  t e n s i o n ,  

into  the  core  un i t .   The  o p e r a t i o n   of  the  t e n s i o n   reduc ing   means  which  

enables   the  t w i s t i n g   o p e r a t i o n   to  be  tandemized  with  the  core  u n i t  

forming  process   is  d e s c r i b e d   in  d e t a i l   in  A p p l i c a t i o n   Ser ia l   No. 

5 6 5 , 6 3 4 .  

It  is  c l e a r   t h e r e f o r e   tha t   the  i n v e n t i o n   provides   not  only  a 

:ore  un i t   having  conduc tor   pa i r s   e x t e n d i n g   around  i t s   c e n t e r   t o  

arovide  the  normal  f l e x i b i l i t y   for  a  core  u n i t ,   but  also  s i m p l i f i e s  

the  o p e r a t i o n   of  the  a p p a r a t u s ,   i . e .   it  enab les   r e e l s   to  be  r e p l a c e d  

simply  and  qu ick ly   or  it  enab les   the  core  uni t   to  be  formed  in  t andem 

vith  the  cab le   f i n i s h i n g   p r o c e s s e s .   C l e a r l y ,   g r e a t e r   core  and  c a b l e  

F l e x i b i l i t y   is  provided  if  each  c o n d u c t o r   pair   extends   around  the  c o r e  

w i t   axis   for  almost  a  complete   r e v o l u t i o n .   However,  it  is  p r e f e r r e d  

:hat  the  movement  around  the  core  axis   of  each  pair   subtends   an  a n g l e  

)f  at  l e a s t   180°  with  the  core  uni t   ax i s .   In  p a r t i c u l a r ,   e x t r e m e l y  

jood  f l e x i b i l i t y   is  ob ta ined   with  the  angle  at  l e a s t   270°.  In 

i d d i t i o n   to  t h i s ,   it  is  also  c l e a r   t ha t   each  conduc to r   pair   moves 

.hrough  the  core  unit   c o m p l e t e l y   i n d e p e n d e n t l y   of  o ther   c o n d u c t o r  

>airs  and  as  d i c t a t e d   by  the  use  of  the  p o s i t i o n   changing  means  i n  

d d i t i o n   to  the  ar ray  forming  means.  Each  conduc tor   pair   in  f a c t  

ol lows  a  path  around  the  core  uni t   through  inner  and  outer   r a d i a l  
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p o s i t i o n s   so  as  to  l i e   c lo se   to  any  o the r   conduc to r   pa i r   for  o n l y  

sho r t   d i s t a n c e s   of  the  core  u n i t .   Thus  the  a p p a r a t u s   p r o v i d e s  

improvements   in  the  e l e c t r i c a l   c h a r a c t e r i s t i c s   such  as  in  mu tua l  

c a p a c i t a n c e   or  lower ing   the  c o e f f i c i e n t   of  d e v i a t i o n   of  mu tua l  

c a p a c i t a n c e   between  the  p a i r s   and  l e s s e n i n g   ou te r   pa i r   c a p a c i t a n c e  

u n b a l a n c e .   The  i n d e p e n d e n t   movement  of  the  conduc to r   p a i r s   t h r o u g h o u t  

the  core  un i t   a lso  leads   to  a  r e d u c t i o n   in  c o s t .  
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CLAIMS  : 

1.  Apparatus  for  forming  a  core  un i t   from 

t e l e c o m m u n i c a t i o n s   conduc to r   u n i t s   each  formed  of  t w i s t e d   t o g e t h e r  

i n s u l a t e d   conduc to r s   c h a r a c t e r i z e d   in  t h a t   i t   comprises   in  a 

downstream  d i r e c t i o n   along  a  p a s s l i n e   for  the  conduc to r   u n i t s  

a  p o s i t i o n   changing  means  (20 ,30)   for  changing  the  p o s i t i o n s  

of  l a t e r a l l y   s p a c e d - a p a r t   c o n d u c t o r   un i t s   (10)  across   the  p a s s l i n e   and 

r e l a t i v e   to  o ther   conduc tor   u n i t s   ( 1 0 ) ;  

conduc to r   uni t   a r r ay   forming  means  (22)  compr i s ing   at  l e a s t  

two  r o l l e r s   (64,66)   having  r o t a t i o n a l   axes  one  downstream  from  t h e  

o ther   with  opposed  p e r i p h e r a l   s u r f a c e s   (68 ,70)   of  the  r o l l e r s   s p a c e d  

a p a r t   one  on  each  side  of  the  p a s s l i n e ,   each  su r f ace   changing  i n  

d i ame te r   along  i t s   length  with  one  s u r f a c e   (70)  having  i t s   s m a l l e s t  

d i a m e t e r   and  the  o ther   i t s   l a r g e s t   d i a m e t e r   (68)  at  a  p o s i t i o n  

i n t e r m e d i a t e   i t s   axial   ends,   the  p o s i t i o n s   and  c o n f i g u r a t i o n s   of  t h e  

s u r f a c e s   being  such  tha t   t o g e t h e r   they  are  operab le   to  p o s i t i o n   t h e  

conduc to r   un i t s   in  an  a r ray   as  the  c o n d u c t o r   uni ts   move  t owards ,   p a s t  

and  then  beyond  the  r o l l e r s ,   the  a r r a y   ex t end ing   in  two  planes  in  a 

s e c t i o n   taken  across   the  p a s s l i n e ,   the  r o l l e r s   enab l ing   the  c o n d u c t o r  

u n i t s   to  move  across   the  a r r ay   dependent   upon  the  p o s i t i o n a l   change  

caused  by  the  p o s i t i o n   changing  means;  and 

a  core  unit   forming  means  (24)  for  causing  convergence   o f  

the  conduc to r   un i t s   in  the  a r r ay   to  br ing  them  t o g e t h e r   with  t h e  

r e l a t i v e   p o s i t i o n s   of  the  c o n d u c t o r   un i t s   changing  in  the  core  uni t   as 

they  extend  along  the  core  u n i t ,   each  conduc to r   unit   ex tend ing   a round  

the  axis   of  the  core  unit   a l t e r n a t e l y   in  o p p o s i t e   d i r e c t i o n s   a s  

i n f l u e n c e d   by  i t s   movement  a c ros s   the  a r r a y .  
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2.  Apparatus   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  t h a t  

the  p o s i t i o n   changing  means  (20)  is  c o n t i n u o u s l y   o p e r a b l e   to  change  

p o s i t i o n   of  each  c o n d u c t o r   un i t   l a t e r a l l y   ac ross   the  f e e d p a t h .  

3.  Appara tus   a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  t ha t   i n  

side  e l e v a t i o n ,   one  of  the  r o l l e r s   (68)  has  a  concave  p e r i p h e r a l  

s u r f a c e   and  the  o the r   r o l l e r   (70)  has  a  convex  p e r i p h e r a l   s u r f a c e .  

4.  Apparatus   a c c o r d i n g   to  claim  3,  c h a r a c t e r i z e d   in  t h a t  

the  r o l l e r   (70)  with  the  convex  p e r i p h e r a l   su r f ace   is  d i s p o s e d  

downstream  from  the  r o l l e r   ( 6 8 ) .  

5.  Apparatus   a c c o r d i n g   to  claim  3,  c h a r a c t e r i z e d   in  t h a t  

the  r o l l e r s   are  o p e r a b l e   t o g e t h e r   to  provide  a  curved  a r r a y   o f  

conduc to r   u n i t s   with  s ides   of  the  a r r ay   ex tend ing   upwardly  from  an 

i n t e r m e d i a t e   reg ion   of  the  a r r a y   and  the  core  uni t   forming  means 

compr ises   a  c l o s i n g   die  means  (24)  having  an  upstream  die  (74)  with  an 

o r i f i c e   (75)  of  g r e a t e r   h e i g h t   than  width  and  a  s m a l l e r   die  (16)  w i t h  

an  o r i f i c e   (18)  of  s u b s t a n t i a l l y   c i r c u l a r   c o n f i g u r a t i o n ,   the  s m a l l e r  

die  o r i f i c e   having  a  c e n t e r   d i sposed   below  the  c e n t e r   of  the  u p s t r e a m  

die  o r i f i c e   whereby  the  ups t ream  die  o r i f i c e   is  o p e r a b l e   to  g u i d e  

conduc to r   un i t s   engaging   i t s   upper  s ide   reg ions   in to   engagement  w i t h  

the  upper  r eg ions   of  the  s m a l l e r   die  o r i f i c e .  

6.  A  method  for  forming  a  core  unit   from  t e l e c o m m u n i c a t i o n s  

conduc to r   u n i t s   each  formed  of  t w i s t e d   t o g e t h e r   i n s u l a t e d   c o n d u c t o r s ,  

the  method  c h a r a c t e r i z e d   i n : -  

(a)  moving  a  p l u r a l i t y   of  conduc to r   un i t s   (10)  in  l a t e r a l l y  
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spaced  r e l a t i o n s h i p   along  a  p a s s l i n e   w h i l e : -  

moving  the  l a t e r a l l y   spaced  conduc tor   u n i t s   into  an  a r r a y  

ac ro s s   the  p a s s l i n e ,   the  a r r a y   of  c o n t r o l l e d   c o n f i g u r a t i o n   e x t e n d i n g  

in  two  p lanes   in  a  s e c t i o n   taken  ac ross   the  p a s s l i n e ;   and 

moving  each  conduc to r   un i t   a l t e r n a t e l y   in  o p p o s i t e  

d i r e c t i o n s   ac ross   the  p a s s l i n e   i n d e p e n d e n t l y   of  o ther   u n i t s   at  a 

p o s i t i o n   ups t ream  from  the  a r r a y   so  tha t   each  conduc tor   uni t   moves 

a l t e r n a t e l y   in  oppos i t e   d i r e c t i o n s   ac ross   the  a r ray   and  the  c o n d u c t o r  

un i t s   move  l a t e r a l l y   r e l a t i v e   to  one  ano ther   in  the  a r r a y ;   and 

(b)  causing  the  conduc to r   un i t s   in  the  a r ray   to  c o n v e r g e  

as  they  c o n t i n u e   along  the  p a s s l i n e   so  as  to  bring  them  t o g e t h e r   t o  

form  the  core  uni t   with  the  r e l a t i v e   p o s i t i o n s   of  the  conduc to r   u n i t s  

changing  in  the  core  unit   as  i n f l u e n c e d   by  t h e i r   r e l a t i v e   p o s i t i o n s   i n  

the  a r r a y   and  with  each  conduc to r   un i t   moving  around  the  axis   of  t h e  

core  un i t   a l t e r n a t e l y   in  o p p o s i t e   d i r e c t i o n s   as  it   moves  along  t h e  

core  un i t   as  i n f l u e n c e d   by  i t s   movement  across   the  a r r a y .  

7.  A  method  acco rd ing   to  claim  6,  c h a r a c t e r i z e d   in  c h a n g i n g  

the  r e l a t i v e   p o s i t i o n s   of  the  c o n d u c t o r   un i t s   in  con t inuous   manner  

ups t ream  from  the  a r ray   whereby,  in  the  core  u n i t ,   the  r e l a t i v e  

p o s i t i o n s   of  the  conductor   un i t s   change  in  a  con t inuous   manne r .  

8.  A  method  acco rd ing   to  claim  7,  c h a r a c t e r i z e d   in  moving 

some  at  l e a s t   of  the  conductor   u n i t s   so  that   they  move  across   t h e  

a r r ay   a l t e r n a t e l y   in  one  d i r e c t i o n   and  then  in  the  o ther   a  s u f f i c i e n t  

d i s t a n c e   to  cause  said  conduc tor   u n i t s   to  move  a l t e r n a t e l y   around  t h e  

core  un i t   in  oppos i t e   d i r e c t i o n s   while   sub tending   an  angle  g r e a t e r  

than  270°  from  the  axis  of  the  core  uni t   for  each  d i r e c t i o n   o f  

movement  around  the  a x i s .  
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