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N  

©  Manufacture  of  telecommunications  cable  core  units. 

Changing  relative  positions  of  conductor  pairs  (10)  along 
a  telecommunications  cable  core  (56)  by  passing  the  pairs  as 
they  approach  a  core  unit  forming  means  (34),  in  an  array 
through  a  flow  of  air  which  causes  relative  sideways 
movement  of  the  pairs  and  continual  change  in  their 
positions.  The  array  may  be  arcuate,  conveniently  circular, 
and  the  airflow  moves  outwardly  from  within  the  array. 
Alternatively,  the  array  is  primarily  planar  with  the  airflow 
moving  from  one  side  of  the  array. 



This  i n v e n t i o n   r e l a t e s   to  the  manufacture   o f  

t e l e c o m m u n i c a t i o n s   cable  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   cable   is  c o n s t r u c t e d   with  a  c o r e  

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

pa i r   of  c o n d u c t o r s .   A  core  may  be  formed  as  a  s ing le   core  uni t   o f  

t w i s t e d   p a i r s ,   e .g .   50  or  100  p a i r s ,   or  l a r g e r   cores ,   i . e .   up  to  3 , 6 0 0  

t w i s t e d   p a i r s ,   comprises   a  p l u r a l i t y   of  core  u n i t s .   The  tw i s t ed   p a i r s  

are  s t r anded   t o g e t h e r   to  form  a  core  uni t   with  the  conductors   of  each  

pai r   tw i s t ed   t o g e t h e r   with  a  p rede te rmined   lead  to  the  t w i s t ,   i . e .   t h e  

d i s t a n c e   taken  along  the  pair   for  each  conductor   to  complete  a  s i n g l e  

r e v o l u t i o n   along  i ts   path.   This  d i s t a n c e   will  be  r e f e r r ed   to  in  t h i s  

s p e c i f i c a t i o n   as  the  " twi s t   lay"  of  a  p a i r .   There  are  d i f f e r e n t   t w i s t  

lays  provided  for  the  tw i s t ed   pairs   in  a  core  unit   with  a  pair   having  a 

p a r t i c u l a r   twis t   lay  being  a d j a c e n t   to  o ther   pai rs   o f  d i f f e r e n t   t w i s t  

l ay s .   Care  is  t aken ,   so  far  as  is  p r a c t i c a b l e ,   to  ensure  tha t   p a i r s   o f  

equal  or  s i m i l a r   tw i s t   lays  are  s e p a r a t e d   from  each  o ther .   The  r e a s o n  

for  th i s   ar rangement   is  to  a t tempt   to  maximize  the  communica t ions  

performance  of  the  cab le ,   e .g .   to  l e s sen   p a i r - t o - p a i r   and 

p a i r - t o - g r o u n d   c a p a c i t a n c e   unba lance ,   to  reduce  c r o s s t a l k   be tween  

pai rs   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   of  mutual  c a p a c i t a n c e  

between  p a i r s .  

In  a  conven t iona l   core  u n i t ,   the  twis ted   conductor   p a i r s  

r e t a i n   t h e i r   p o s i t i o n s   r e l a t i v e   to  o ther   p a i r s ,   within  c e r t a i n   l i m i t s .  

However,  it  is  recognized  t ha t   the  p a i r - t o - p a i r   capac i t ance   u n b a l a n c e  

and  c r o s s t a l k   between  pa i r s   is  dependent  to  a  large  degree  upon  t h e  

d i s t a n c e   of  the  two  pairs   from  one  a n o t h e r .   To  reduce  the  p a i r - t o - p a i r  



c a p a c i t a n c e   unbalance  and  to  reduce  c r o s s t a l k ,   s u g g e s t i o n s   have  been 

made  to  move  the  conductor   pa i r s   r e l a t i v e   to  one  ano ther   as  t h e y  

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   them  into  a  c o r e  

un i t   so  t h a t   in  the  f i n i s h e d   core  u n i t ,   the  conductor   pa i r s   change  i n  

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  sugges ted   method  f o r  

chang ing   the  r e l a t i v e   p o s i t i o n s   of  c o n d u c t o r   pa i r s   as  they  move  t o w a r d s  

the  s t r a n d i n g   machine,  the  conduc to r   p a i r s   en te r   a  guide  a r r a n g e m e n t  

which  compr i se s   a  system  of  h o r i z o n t a l   guides  movable  h o r i z o n t a l l y   and 

l o c a t e d   in  v e r t i c a l l y   t i e r e d   f a s h i o n .   The  pa i r s   are  d i s t r i b u t e d  

t h r o u g h o u t   the  t i e r s   and  r e l a t i v e   h o r i z o n t a l   movement  of  the  g u i d e s  

changes  the  r e l a t i v e   p o s i t i o n s   of  the  p a i r s   as  they  move  downs t r eam.  

This  method  was  f i r s t   sugges ted   by  Sigurd  Norblad  o f  

T e l e f o n a k t i e b o l a g e t   LM  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  

Unbalance  Telecommunicat ions   Networks"  read  before   the  I n t e r n a t i o n a l  

Wire  and  Cable  Symposium  in  1971.  The  method  involves   the  use  o f  

s ideways   phys ica l   forces  upon  conduc to r   pa i r s   and  th i s   could  render   i t  

u n s u i t a b l e   for  use  on  conductors   i n s u l a t e d   with  pulp  which  is  s e n s i t i v e  

to  the  degree   of  sur face   p r e s s u r e s   which  are  i nhe ren t   with  such  f o r c e s .  

The  present   i n v e n t i o n   concerns   a  method  and  a p p a r a t u s  

for  making  core  uni ts   involv ing   changing  the  r e l a t i v e   p o s i t i o n s   o f  

c o n d u c t o r   un i t s   before  they  are  brought   t o g e t h e r   to  form  a  core  u n i t  

and  in  which  the  high  degree  of  s u r f a c e   p r e s s u r e s   of  p rev ious   a p p a r a t u s  

is  a v o i d e d .  

Accordingly ,   the  p r e s e n t   i n v e n t i o n   provides   an  a p p a r a t u s  

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 tor   u n i t s ,   e ach  

formed  from  twis ted   t oge the r   i n s u l a t e d   c o n d u c t o r s ,   and  in  which  t h e  

r e l a t i v e   p o s i t i o n s   of  the  conduc tor   u n i t s   are  changed  along  the  c o r e  

u n i t ,   the  appa ra tu s   compris ing  in  o r d e r ,   downstream  along  a  f e e d p a t h  

for  the  u n i t s : -  



means  to  guide  conductor   un i t s   in  the  form  of  an  a r r a y  

in  a  c r o s s - s e c t i o n   t r a n s v e r s e   to  the  f e e d p a t h ;  

means  to  i n t r o d u c e   a  flow  of  a i r   through  the  a r ray   at  an 

a i r f l o w   s t a t i o n   spaced  downstream  from  the  a r ray   guide  means  so  as  t o  

cause  r e l a t i v e   sideways  movement  of  the  conduc to r   uni ts   and  c o n t i n u a l  

change  in  t h e i r   p o s i t i o n s   in  the  ar ray  r e l a t i v e   to  t h e i r   p o s i t i o n s   a t  

the  a r ray   guide  means;  and 

a  core  uni t   forming  and  t ake -up   means  to  draw  t h e  

conduc to r   un i t s   t o g e t h e r   to  form  a  core  u n i t .  

In  the  appa ra tu s   according  to  the  i n v e n t i o n ,   the  a r r a y  

guide  means  may  be  provided  to  p rovide ,   for  i n s t a n c e ,   an  a r ray   o f  

a r c u a t e   or  s u b s t a n t i a l l y   p lanar   c o n f i g u r a t i o n .   When  an  a r cua te   a r r a y  

is  to  be  formed,  the  a i r   i n t r o d u c i n g   means  p r e f e r a b l y   is  l oca ted   t o  

i n t r o d u c e   the  a i r f l o w   from  a  p o s i t i o n   at  or  towards  a  c en t e r   o f  

c u r v a t u r e   of  the  a r r a y .  

R e l a t i v e   movement  of  conduc tor   un i t s   a f f e c t s   t h e i r  

r e l a t i v e   p o s i t i o n s   in  a  completed  core  u n i t .   To  f u r t h e r   r andomize  

t h e i r   p o s i t i o n s   and  change  in  p o s i t i o n s ,   it  is  advantageous   to  p r o v i d e  

a  means  for  d i r e c t i n g   a  f u r t h e r   flow  of  a i r   across   the  conduc tor   u n i t s ,  

t h i s   f u r t h e r   means  d i sposed   between  the  a i r   i n t r o d u c i n g   means  and  t h e  

core  uni t   forming  and  t ake-up   means.  This  f u r t h e r   means  should  o p e r a t e  

to  d i r e c t   a i r   in  a  d i r e c t i o n   g e n e r a l l y   oppos i t e   from  tha t   of  the  a i r  

i n t r o d u c i n g   means.  Thus,  when  the  conduc tor   un i t s   are  in  a r c u a t e  

a r r a y ,   the  f u r t h e r   a i r f l o w   d i r e c t i n g   means  acts   to  move  conductor   u n i t s  

towards  one  another   and  to  c o l l a p s e   the  a r r a y .  

The  appa ra tu s   may  also  have  a  t en s ion   reducing  means  t o  

reduce  t ens ion   in  conduc tor   uni ts   below  t h a t   upstream  of  the  t e n s i o n  

reducing   means  to  enable   a i r f l ow   through  the  a r ray   to  move  t h e  

conduc to r   uni ts   and  change  t h e i r   r e l a t i v e   p o s i t i o n s .  



The  i nven t ion   also  i n c l u d e s   a  method  of  forming  a  c o r e  

uni t   from  t e l e c o m m u n i c a t i o n s   conduc to r   un i t s   each  compr i s ing   t w i s t e d  

t o g e t h e r   i n s u l a t e d   conductors   and  in  which  the  r e l a t i v e   p o s i t i o n s   o f  

the  conduc to r   un i t s   are  changed  along  the  core  un i t ,   the  method 

c o m p r i s i n g : -  

pass ing  the  s e p a r a t e   conduc to r   uni ts   along  the  f e e d p a t h  

and  guid ing   the  un i t s   through  guide  means  in  an  array  in  a 

c r o s s - s e c t i o n   t r a n s v e r s e   to  the  f e e d p a t h   before  the  conduc to r   u n i t s  

pass  through  an  a i r f l o w   s t a t i o n ;  

passing  the  conductor   un i t s   through  the  a i r f l o w   s t a t i o n  

in  t h e i r   a r r ay   and  s u b j e c t i n g   them  to  the  i n f luence   of  a  flow  of  a i r  

through  the  a r ray   at  the  s t a t i o n ,   the  flow  of  air   e f f e c t i n g   r e l a t i v e  

sideways  movement  of  the  conduc tor   u n i t s   and  cons tan t   change  in  t h e i r  

p o s i t i o n s   in  the  a r ray   r e l a t i v e   to  t h e i r   p o s i t i o n s   at  the  guide  m e a n s ;  

and 

forming  the  conductor   un i t s   in  t h e i r   c o n s t a n t l y   c h a n g i n g  

p o s i t i o n s   into  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  c o n d u c t o r  

un i t s   in  the  core  unit   at  any  p o s i t i o n   along  the  lengths   t h e r e o f  

i n f l u e n c e d   by  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   as  they  a r e  

drawn  into  the  forming  and  t ake-up   m e a n s .  

Embodiments  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 ence   to  the  accompanying  d rawings ,   in  w h i c h : -  

Figure  1  i s   a  s i d e   e l e v a t i o n a l   view  of  an  a p p a r a t u s  

accord ing   to  a  f i r s t   embodiment;  

Figure  2  is  a  c r o s s - s e c t i o n a l   view  on  l a r g e r   s c a l e  

through  the  appa ra tu s   of  Figure  1  taken  along  l ines   I I - I I   in  Figure  1 ;  

Figures  3  and  4  are  c r o s s - s e c t i o n a l   views  along  l i n e s  

I I I - I I I   and  IV-IV  in  Figure  2 ;  

Figure  5  is  a  view  in  the  d i r e c t i o n   of  arrow  V  in  F i g u r e  



2 ;  

Figures  6  and  7  are  views  taken  in  the  d i r e c t i o n   o f  

arrows  VI  and  VII,  r e s p e c t i v e l y ,   in  Figure  1 ;  

Figure  8  is  a  side  e l e v a t i o n a l   view  of  a  m o d i f i c a t i o n   o f  

the  f i r s t   embodiment ;  

Figure  9  is  a  side  e l e v a t i o n a l   view  of  a p p a r a t u s  

a c c o r d i n g   to  a  second  embodiment ;  

Figure  10  is  a  c r o s s - s e c t i o n a l   view  of  the  a p p a r a t u s   i n  

Figure  9,  taken  along  l ine   X-X  and  on  a  l a r g e r   s c a l e ;   and 

Figure  11  is  a  view  in  the  d i r e c t i o n   of  arrow  XI  i n  

Figure  10 .  

As  shown  by  Figure  1,  appara tus   for  forming  a  core  u n i t  

from  conduc tor   pairs   10  of  tw i s t ed   t o g e t h e r   c o n d u c t o r s   comprises   a 

means  12  to  form  and  guide  the  pa i r s   in  an  a r c u a t e   a r ray   towards  an 

a i r f l o w   s t a t i o n   14.  The  a r ray   guide  means  12  compr ises   a  c i r c u l a r  

guide  p l a t e   16  (see  Figure  2),  formed  with  t w e n t y - f i v e   guide  holes  18 

for  gu id ing   t w e n t y - f i v e   conduc tor   pairs   in  the  a r r ay   dur ing  t h e  

fo rma t ion   of  a  t w e n t y - f i v e   pair   core  un i t ,   as  will  be  d e s c r i b e d .   As 

shown  by  Figure  5,  the  guide  holes  18  are  s u b s t a n t i a l l y   e q u a l l y   s p a c e d  

a p a r t   around  a  pitch  c i r c l e   close  to  the  p e r i p h e r y   of  the  guide  p l a t e  

16  so  as  to  form  the  a r ray   in  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  d i s t a n c e   between  the  guide  p la te   16  and  the  a i r f l o w   s t a t i o n   14  i s  

s u b s t a n t i a l ,   so  that   when  conductor   pairs   are  moved  r e l a t i v e l y   to  each  

o the r   in  the  s t a t i o n   14  then  there   is  l i t t l e   or  no  r e s i s t a n c e   to  such  

movement  by  the  l o c a t i o n   on  the  conductor   pa i r s   wi th in   the  guide  h o l e s  

18.  The  d i s t ance   in  th i s   embodiment  between  the  guide  p l a t e   16  and  t h e  

a i r f l o w   s t a t i o n   is  app rox ima te ly   1  metre.   An  a r c u a t e   su r f ace   means  i s  

d i sposed   between  the  guide  p la te   16  and  the  a i r f l o w   s t a t i o n   to  m a i n t a i n  

the  conduc to r   units   in  t h e i r   c i r c u l a r   array  as  they  move  towards  t h e  



a i r f l o w   s t a t i o n .   As  shown  by  Figures  1  and  2,  t h i s   a r c u a t e   s u r f a c e  

means  comprises   a  hollow  c y l i n d e r   20  which  is  secured   to  the  g u i d e  

p l a t e   16  and  extends   downstream  from  i t .  

The  i n s i d e   of  the  c y l i n d e r   20  is  provided  to  apply  a 

flow  of  a i r   from  an  a i r   p r e s s u r i z e d   source  th rough  an  a i r   supply  p i p e  

21  which  is  secured  c o a x i a l l y   into  the  upst ream  end  of  the  guide  p l a t e  

and  c y l i n d e r .   The  downstream  end  of  the  c y l i n d e r   20  l i e s   at  t h e  

commencement  to  the  a i r f l o w   s t a t i o n   14.  At  the  a i r f l o w   s t a t i o n ,   a 

means  is  provided  to  i n t r o d u c e   a  flow  of  a i r   th rough  the  a r ray   o f  

conduc to r   pa i r s   so  as  to  cause  r e l a t i v e   s ideways  movement  of  the  p a i r s  

and  c o n t i n u a l l y   change  t h e i r   p o s i t i o n s   in  the  a r r ay   r e l a t i v e   to  t h e i r  

p o s i t i o n s   as  they  pass  through  the  guide  p l a t e   16.  The  means  f o r  

i n t r o d u c i n g   the  a i r   compr i ses   an  a i r   d i f f u s e r   22  which  has  a  sha f t   24 

by  which  i t   is  r o t a t a b l y   mounted  within  the  downstream  end  of  t h e  

c y l i n d e r .   The  d i f f u s e r   22,  as  shown  by  F igures   2  and  3,  has  a 

downstream  end  p l a t e   26  of  l a rger   d iameter   than  the  shaf t   24.  It  a l s o  

has  vane  means  compr i s i ng   a  p l u r a l i t y   of  curved  vanes  28  (Figure  3) 

which  extend  ou tward ly   from  the  shaf t   towards  the  end  p la te   and 

i n c r e a s e   t h e i r   d i a m e t e r   as  they  approach  the  end  p l a t e .   The  d i s t a n c e  

between  the  end  p l a t e   and  the  downstream  end  of  the  c y l i n d e r   i s  

s u f f i c i e n t   to  ensure  t h a t   any  a i r f low  from  between  the  vanes  28  and  t h e  

end  of  the  c y l i n d e r   p l aces   s u f f i c i e n t   load  upon  conduc tor   pa i rs   t o  

cause  t h e i r   movement  ac ross   the  feedpath  while  min imiz ing   p ressure   upon 

them.  Minimal  p r e s s u r e   is  important   as  e x c e s s i v e   p r e s su re   may  damage 

some  i n s u l a t i o n ,   for  i n s t a n c e   pulp  i n s u l a t i o n ,   which  is  e a s i l y  

compressed  even  under  small  pressure   c o n d i t i o n s .   In  th i s   case ,   t h e  

minimum  d i s t a n c e   between  the  cy l inder   and  the  end  p la te   26  is  about  16 

c e n t i m e t r e s   for  a  flow  of  a i r   through  the  end  of  the  c y l i n d e r   o f  

between  60  to  70  mi les   per  hour  to  cause  movement  of  conductor   p a i r s .  



Surrounding   the  end  of  the  c y l i n d e r   20  and  the  a i r  

d i f f u s e r   22  is  an  annu la r   housing  30,  which  has  a  s u b s t a n t i a l l y  

c o n t i n u o u s   inner   opening  32  for  wi thdrawing  the  a i r   as  i t   flows  from 

between  the  d i f f u s e r   and  the  c y l i n d e r   and  ac ross   the  c o n d u c t o r s .   The 

housing  forms  the  dual  purpose  of  taking  the  a i r   to  exhaus t   and  a l s o  

a s s i s t s   in  sound  i n s u l a t i n g   the  appara tus   to  reduce  the  sound  c r e a t e d  

by  the  passage  of  a i r .  

Immediate ly   downstream  from  the  housing  30  is  d i sposed   a 

means  for  d i r e c t i n g   a  f u r t h e r   flow  of  a i r   ac ross   the  a r r ay   of  c o n d u c t o r  

u n i t s ,   i . e .   in  d i r e c t i o n s   towards  the  cen t r e   of  the  a r r a y ,   so  as  t o  

a s s i s t   in  r e l a t i v e l y   moving  the  uni ts   and  also  to  commence  movement  o f  

the  un i t s   towards  one  ano ther   as  they  approach  a  core  uni t   forming  and 

t a k e - u p   means  34,  which  will   be  d e s c r i b e d .   The  means  for  d i r e c t i n g   t h e  

f u r t h e r   flow  of  a i r   comprises   a  r o t a t a b l e   annu la r   housing  36  which  i s  

held  wi th in   a  fixed  housing  38,  as  shown  in  Figures  2  and  4.  Between 

the  housings   36  and  38  is  def ined  an  annular   a i r   chamber  40  which  has  a 

p l u r a l i t y   of  a i r   i n l e t s   42  spaced  around  i t s   p e r i p h e r y   for  pass ing  a 

flow  of  air   into  the  chamber  through  the  va r ious   i n l e t s   and  from  an  a i r  

p r e s s u r e   source  (not  shown).  Thus,  a  s u b s t a n t i a l l y   uniform  flow  of  a i r  

is  o b t a i n e d   at  all  of  a  p l u r a l i t y   of  o u t l e t s   44  formed be tween  t h e  

chamber  40  and  the  r o t a t a b l e   housing  36,  so  t h a t   the  a i r f l o w   t h r o u g h  

the  housing  36  may  be  s u b s t a n t i a l l y   cons t an t   at  all  p o s i t i o n s .   As 

shown  by  Figure  4,  the  housing  36  is  provided  with  r a d i a l l y   e x t e n d i n g  

vanes  46  which  are  curved  so  as  to  d i r e c t   a i r   pass ing   through  t h e  

housing  36  and  through  inner  o u t l e t s   48  of  the  housing  while  a l s o  

e f f e c t i n g   r o t a t i o n   of  the  housing  36.  As  shown  by  Figure  4,  the  vanes  

may  be  of  d i f f e r e n t   c o n f i g u r a t i o n s   so  tha t   the  va r ious   o u t l e t s   48 

d i r e c t   the  a i r f l o w   in  d i f f e r e n t   d i r e c t i o n s   ac ross   the  feedpa th   for  t h e  

conduc to r   p a i r s .   This  produces  an  a s syme t r i c   a i r f l o w   wi th in   t h e  



housing  36  dur ing  i t s   r o t a t i o n ,   which  comple te ly   randomizes   t h e  

movement  of  the  conduc tor   pa i rs   as  they  move  through  tha t   h o u s i n g .  

The  core  uni t   forming  and  take-up   means  34  is  o f  

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  comprises  a  s t r a n d i n g   machine  5 0 ,  

compr i s ing   a  f ly ing   s t r a n d e r   52  and  inc lud ing   a  "he lper"   c aps t an   54 .  

The  " h e l p e r "   caps tan   is  to  a s s i s t   in  the  drawing  of  a  core  un i t   56  i n t o  

the  machine  50,  the  main  force  for  which  is  taken  by  a  motor  58  ( s e e  

Figure  7)  which  d r ives   a  core  uni t   t ake-up   reel  59.  Upstream  of  t h e  

machine  50  is  a  drawing  means  in  the  form  of  a  c lo s ing   die  60  f o r  

drawing  the  conductor   pa i r s   t o g e t h e r ,   and  a  binding  head  62.  As  t h e  

s t r u c t u r e   is  c o n v e n t i o n a l ,   no  f u r t h e r   d e s c r i p t i o n   is  r e q u i r e d .  

It  is  a  r equ i r emen t   of  the  i nven t ion   tha t   the  t en s ion   i n  

the  conduc to r   pa i rs   is  not  exces s ive   so  as  to  r e s i s t   undu ly ,   or  even 

p r e v e n t ,   t h e i r   r e l a t i v e   movement  across   the  feedpath  caused  by  t h e  

a i r f l o w   from  the  d i f f u s e r   22  or  from  the  housing  36.  If  the  c o n d u c t o r  

pa i r s   have  been  twi s t ed   in  conven t iona l   f a sh ion ,   i . e .   by  p r e v i o u s l y  

t w i s t i n g   the  conduc tors   of  each  pair   and  r ee l i ng   it  onto  a  spool  and 

the  pa i r s   are  then  fed  from  such  prepared  spools  (not  shown)  u p s t r e a m ,  

then  the  t e n s i o n   in  the  conduc tor   pa i rs   may  not  be  e x c e s s i v e .   However, 

if  the  conduc to r   pa i rs   are  formed  from  i nd iv idua l   conduc to r s   by  a 

t w i s t i n g   o p e r a t i o n   in  tandem  with  the  core  unit  forming  o p e r a t i o n ,   t h e n  

the  t e n s i o n   c rea ted   during  the  t w i s t i n g   ope ra t ion   u p s t r e a r   is  l i k e l y   t o  

be  e x c e s s i v e .   In  th i s   case ,   a  t ens ion   reducing  means  will   be  n e c e s s a r y  

for  the  o p e r a t i o n   of  the  i n v e n t i o n .  

It  is  in tended   tha t   the  appara tus   of  t h i s   embodiment  

should  form  part   of  a  l a r g e r   appara tus   in  which  the  twis t . ing  of  t h e  

conduc to r   pa i r s   and  the  core  uni t   forming  ope ra t ion   is  performed  i n  

tandem.  Thus,  the  conduc to r   pa i rs   10  are  twis ted   t o g e t h e r   by 

t w e n t y - f i v e   t w i s t i n g   machines  66,  which  are  disposed  i n   s i n g l e  



s t r a i g h t   bank  68  of  the  machines .   Each  t w i s t i n g   machine  66  is  o f  

c o n v e n t i o n a l   c o n s t r u c t i o n  ( n o t   shown)  and  compr i ses ,   in  c o n v e n t i o n a l  

manner,   a  reel  c r ad le   for  ho ld ing ,   in  r o t a t a b l e   f a sh ion ,   two  r e e l s   o f  

i n d i v i d u a l l y   i n s u l a t e d   conduc to r s   to  enable   the  conductors   to  be  drawn 

from  the  r e e l s   under  the  drawing  i n f l u e n c e   of  the  s t r a n d i n g   machine  5 0 .  

Each  machine  comprises   e i t h e r   a  s i n g l e   f l y e r   in  conven t iona l   manner,   o r  

may  comprise   two  f l y e r s   and  a s s o c i a t e d   pu l l eys   to  provide  a  b a l a n c e d  

r o t a t i o n a l   s t r u c t u r e   such  as  is  d e s c r i b e d   in  a  copending  p a t e n t  

a p p l i c a t i o n   e n t i t l e d   "Twis t ing   Machine",   f i l e d   December  27,  1983  in  t h e  

names  of  J.  Bouf fa rd ,   A.  Dumoulin  and  E.D.  Lederhose  under  U.S .  

a p p l i c a t i o n   s e r i a l   number  565,635.   The  conduc tors   as  they  are  drawn 

through  the  f l ye r   of  each  machine  are  drawn  t o g e t h e r   at  the  top  of  t h e  

machine  to  be  tw i s t ed   t o g e t h e r   and  are  then  fed  outwardly  as  a  t w i s t e d  

pair   10  from  and  along  the  bank  68  of  machines ,   as  shown  in  Figure  1 .  

As  a l r eady   i n d i c a t e d ,   because  the  t w i s t i n g   and  core  u n i t  

s t r a n d i n g   o p e r a t i o n   is  performed  in  tandem,  then  a  t ens ion   r e d u c i n g  

means  is  n e c e s s a r y .   The  t en s ion   reducing   means  of  th is   embodiment  i s  

of  the  c o n s t r u c t i o n   desc r ibed   in  a  U.S.  pa tent   a p p l i c a t i o n   s e r i a l  

number  565,634,   f i l ed   December  2 7 ,  1 9 8 3 ,   e n t i t l e d   "Forming  Cable  Core 

Units"  in  the  names  of  J.  Bouf fa rd ,   A.  Dumoulin  and  M.  Seguin.   The 

t e n s i o n   reducing  means  70  comprises   two  d r i v a b l y   r o t a t a b l e   c y l i n d e r s   72 

and  74  around  each  of  which  the  conduc tor   pa i rs   pass  on  the  way  to  t h e  

guide  p la te   16.  The  two  c y l i n d e r s   are  of  s u b s t a n t i a l l y   equal  d i a m e t e r  

and  have  a  common  drive  in  the  form  of  a  drive  motor  76  which  i s  

connected  to  the  c y l i n d e r   72  by  dr ive   be l t   78.  A  drive  be l t   ( n o t  

shown)  also  d r i v a b l y   connects   the  two  c y l i n d e r s   t o g e t h e r .   The  d r i v e  

motor  76  is  e l e c t r i c a l l y   i n f l u e n c e d   by  the  l ine   speed  to  provide  a 

p e r i p h e r a l   speed  to  each  of  the  c y l i n d e r s   72  and  74  which  is  s l i g h t l y  

in  excess  of  the  drawing  speed  of  the  conduc tor   pairs   into  t h e  



s t r a n d i n g   machine'. '   The  degree   o f  t h i s   excess  in  speed  is  s u b j e c t   t o  

c h o i c e   dependent   upon  d e s i g n ,   but  in  th i s   p a r t i c u l a r   machine  l i e s  

between  one  and  five  per  cent   and  is  p r e f e r a b l y   in  the  region  of  t h r e e  

per  c e n t .   It  is  of  impor tance   to  r e a l i z e   tha t   the  two  c y l i n d e r s   72  and 

74  are  not  a  capstan  d r ive   and  do  not  opera te   in  the  accep ted   sense  f o r  

drawing  t w i s t e d   pairs   of  conduc to r s   through  a p p a r a t u s   in  c a b l e  

m a n u f a c t u r e .   As  d e s c r i b e d   in  the  a fo rement ioned   a p p l i c a t i o n ,   s e r i a l  

number  565 ,634,   the  c y l i n d e r s   72  and  74  do  not  engage  each  of  t h e  

c o n d u c t o r   pa i r s   along  a  s u f f i c i e n t l y   long  arc  of  c o n t a c t   to  p r o v i d e  

enough  f r i c t i o n a l   grip  to  draw  the  pai rs   from  the  t w i s t i n g   machines  66 

w i t h o u t   the  a s s i s t a n c e   of  t e n s i o n   upon  the  pa i r s   downstream  of  t h e  

c y l i n d e r s   and  as  provided  by  the  r o t a t i o n   of  the  reel  59.  Hence,  i f  

the  s t r a n d i n g   machine  were  o m i t t e d ,   the  c y l i n d e r s   72  and  74  would  be 

i n c a p a b l e   of  drawing  conduc to r   pa i rs   10  from  the  t w i s t i n g   m a c h i n e s .  

A d d i t i o n a l   f r i c t i o n a l   gr ip   between  the  c y l i n d e r s   and  the  c o n d u c t o r  

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

p a i r s   down  onto  the  c y l i n d e r   s u r f a c e s .   While  t h i s   t e n s i o n   i s  

m a i n t a i n e d ,   the  c y l i n d e r s   will   draw  the  conduc tor   pa i r s   from  t h e  

t w i s t i n g   machines  with  some  s l i ppage   because  of  the  excess   p e r i p h e r a l  

speed  of  the  c y l i n d e r s .  

If  the  gr ip  of  the  c y l i n d e r s   tends  to  i n c r e a s e   the  s p e e d  

of  any  pa i r   as  it  passes  around  them,  towards  the  draw  speed  into  t h e  

s t r a n d i n g   machine,   then  the  downstream  t ens ion   from  the  c y l i n d e r s  

d e c r e a s e s   and  the  f r i c t i o n a l   gr ip  of  the  pair   around  the  c y l i n d e r s   i s  

l e s s e n e d .   Thus,  the  c y l i n d e r s   s l i p   to  a  g r e a t e r   e x t e n t   upon  t h e  

c o n d u c t o r   pa i r   and  the re   is  a  decrease   in  the  t endency   for  f u r t h e r  

i n c r e a s e   in  speed  of  the  p a i r ,   as  caused  by  the  d r ive   of  the  c y l i n d e r s .  

In  any  e v e n t ,   if  the  downstream  t ens ion   from  the  c y l i n d e r s   d rops  

towards   zero  in  any  conduc to r   p a i r ,   the  c y l i n d e r s   cannot   drive  t h a t  



c o n d u c t o r   pa i r   around  the  c y l i n d e r s   at  a  speed  equal  to  the  draw  speed  

of  the  t w i s t i n g   machine  before   i n c r e a s e   in  s l ippage   would  p reven t   t h i s .  

In  use  of  the  a p p a r a t u s   of  the  f i r s t   embodiment ,   t h e  

pa i r s   of  conduc to r s   are  fed  from  t h e i r   r e s p e c t i v e   t w i s t i n g   machines  66 

and  t h rough   the  t ens ion   reduc ing   means  70  towards  the  guide  p l a t e   16 .  

In  the  t e n s i o n   reducing  means  70,  each  conductor   pa i r   pas ses   around  t h e  

two  c y l i n d e r s   72  and  74,  as  shown,  and  then  around  a  guide  r o l l e r   80 

which  is  f r e e l y   r o t a t a b l y   mounted  upon  a  s t rand  82  of  the  machine  and 

is  formed  with  annular   p e r i p h e r a l   grooves  84  which  space  the  c o n d u c t o r  

pa i r s   a p a r t .   As  the  conductor   pa i r s   pass  around  the  c y l i n d e r s   72  and 

74,  the  pull  of  the  s t r a n d i n g   machine  50  i nc r ea se s   the  f r i c t i o n a l  

c o n t a c t   of  the  pairs   aga ins t   the  su r f ace   of  the  c y l i n d e r s .   A l t h o u g h  

the  c y l i n d e r s   are  r o t a t i n g   at  a  p e r i p h e r a l   speed  which  is  g r e a t e r   t h a n  

the  t h r o u g h p u t   speed  of  the  conduc to r   pa i r s   into  the  s t r a n d i n g   m a c h i n e ,  

t h e i r   degree  of  grip  upon  the  pa i r s   is  i n s u f f i c i e n t   to  draw  the  p a i r s  

from  t h e . t w i s t i n g   machine  at  the  p e r i p h e r a l   speeds  of  the  c y l i n d e r s .  

This  is  as  exp la ined   above  and  in  g r e a t e r   de ta i l   in  a b o v e - m e n t i o n e d  

U.S.  p a t e n t   a p p l i c a t i o n   s e r i a l   number  565,634.   Ra ther ,   the  degree  o f  

dr ive   by  the  c y l i n d e r s   is  dependent   upon  the  f r i c t i o n a l   g r ip   upon  them 

by  the  conduc to r   pa i r s ,   which  i n c r e a s e s   and  dec reases   in  p r o p o r t i o n   t o  

the  downstream  tens ion   c rea ted   by  the  draw  of  the  s t r a n d i n g   m a c h i n e .  

Hence,  the  pull  by  the  c y l i n d e r s   upon  each  pair   i n c r e a s e s   i t s   s p e e d  

un t i l   i t   approaches   that   of  the  draw  speed  of  that   pa i r   in to   t h e  

s t r a n d i n g   machine  s u f f i c i e n t l y   to  reduce  the  f r i c t i o n a l   g r ip   of  t h e  

conduc to r   pair   upon  the  c y l i n d e r s   to  remove  the  d r iv ing   f o r c e .   Any 

s l i g h t   i n c r e a s e   in  the  downstream  t ens ion   from  the  c y l i n d e r s   w i l l  

improve  t h e i r   d r iv ing   engagement  with  the  pa i r ,   t he reby   r educ ing   t h e  

t e n s i o n   aga in .   It  follows  t h a t   the  t en s ion   which  has  b u i l t   up  d u r i n g  

t w i s t i n g   of  each  conductor   pa i r   from  i t s   machine  66  and  dur ing   i t s  



movement  in to   the  t e n s i o n   reducing  means  ( e . g .   up  to  3  pounds)  i s  

reduced  on  the  downstream  side  to  an  a c c e p t a b l e   level  ( e . g .   about  0 . 5  

pounds)  for  drawing  into  the  s t r and ing   machine.   More  i m p o r t a n t l y ,   t h i s  

reduced  t e n s i o n   is  a c c e p t a b l e   for  the  purpose  of  enab l ing   the  flow  o f  

a i r ,   as  c o n t r o l l e d   by  the  d i f f u s e r   22  or  the  housing  66,  to  move  t h e  

c o n d u c t o r   pa i r s   in  t h e i r   array  r e l a t i v e   to  each  o ther   w i t h  

s u b s t a n t i a l l y   no  r e s i s t a n c e   to  movement  c r e a t e d   by  t e n s i o n .  

After   leaving   the  t ens ion   reduc ing   means  70,  t h e  

c o n d u c t o r   pa i r s   then  are  fed  through  the  guide  holes  18  in  the  g u i d e  

p l a t e   16  to  form  them  into  t he i r   c i r c u l a r   a r r a y ,   as  shown  by  Figure  2 .  

The  p a i r s   are  then  held  s u b s t a n t i a l l y   in  t h i s   a r ray   by  guid ing   s u p p o r t  

from  the  c y l i n d e r   20  as  they  approach  the  a i r f l o w   s t a t i o n   14.  Upon 

r each ing   the  a i r f l o w   s t a t 4 - n ,   the  conductor   pa i r s   are  s u b j e c t e d   to  t h e  

i n f l u e n c e   of  the  a i r f l o w   .uing  from  between  the  r o t a t i n g   d i f f u s e r   22 

and  the  end  of  the  c y l i n d e r .   This  a i r   fo rces   each  conduc tor   p a i r  

r a d i a l l y   outwards  from  i t s   pos i t i on   in  the  a r r ay   and  also  c a u s e s  

sideways  d i s p l a c e m e n t   of  the  pai rs   so  t ha t   they  become  i n t e r m i n g l e d  

around  the  d i f f u s e r .   This  is  shown  in  Figure  2.  The  a i r   from  t h e  

d i f f u s e r   is  exhausted   through  the  housing  30,  which  also  c o n t r o l s   t h e  

movement  away  from  the  d i f f u s e r   of  the  conduc tor   p a i r s .  

As  the  i n t e rming led   conduc tor   pa i r s   proceed  d o w n s t r e a m ,  

they  are  then  sub j ec t ed   to  the  a i r f l ow  c r e a t e d   by  the  housing  36.  The 

a i r f l o w   p a t t e r n   c rea ted   within  the  housing  36  by  the  inwardly   d i r e c t e d  

openings   48  is  comple te ly   asymmetric  and  randomized  so  t ha t   t h e  

i n d i v i d u a l   pa i rs   are  moved  in  i n d i v i d u a l   and  randomized  f a s h i o n  

r e l a t i v e   to  o ther   pai rs   along  th i s   s e c t i o n   of  the  f e e d p a t h .   Thus,  t h e  

a i r f l o w   through  housing  36  a s s i s t s   in  the  i n t e r m i n g l i n g   of  the  p a i r s .  

Hence,  a  con t inua l   change  in  the  r e l a t i v e   p o s i t i o n s   of  the  pa i r s   t a k e s  

p l a c e ,   not  only  at  the  a i r f low  s t a t i o n   14  but  also  wi thin   the  h o u s i n g  



3 6 .  

The  conduc tor   pa i r s   are  fed  to  t h e i r   r e l a t i v e   p o s i t i o n s  

from  the  housing  36,  through  the  die  60  and  into  the  s t r a n d e r .   The 

r e l a t i v e   p o s i t i o n s   of  the  p a i r s ,   at  any  i n s t a n t ,   as  they  pass  t h r o u g h  

the  c l o s i n g   die  are  i n f l u e n c e d   by  the  r e l a t i v e   p o s i t i o n s   of  the  p a i r s  

as  they  move  from  the  housing  36.  This  a f f e c t s   the  r e l a t i v e   p o s i t i o n s  

and  change  in  p o s i t i o n s   of  the  pa i r s   in  the  completed  core  unit   5 6 .  

Hence,  in  the  completed  s t r anded   core  u n i t ,   the  conductor   pairs   c h a n g e  

t h e i r   r e l a t i v e   p o s i t i o n s   to  each  o ther   in  a  comple te ly   randomized  

f a s h i o n .  

Because  of  the  l eng th   of  the  conductor   pairs   upon  wh ich  

the  a i r f l o w s   ac t ,   l i t t l e   p r e s su re   is  r e q u i r e d   to  move  the  p a i r s .   T h u s ,  

the  i n s u l a t i o n   on  the  conduc tors   of  the  pa i r s   is  not  damaged.  This  i s  

of  p a r t i c u l a r   importance  in  a  case  where  a  pulp  i n s u l a t e d   conduc tor   i s  

being  used  and  which  could  be  damaged  by  the  use  of  mechanical  moving 

dev i ce s   which  engage  the  su r f ace   of  the  pulp,   i . e .   by  a  c r u s h i n g  

e f f e c t .   Lack  of  damage  to  the  i n s u l a t i o n ,   of  course ,   ensures  t h a t  

t h e r e   is  no  d e t e r i o r a t i o n   in  e l e c t r i c a l   p r o p e r t i e s   in  the  f i n i s h e d  

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

The  appa ra tus   d e s c r i b e d   in  the  f i r s t   embodiment  d o e s ,  

t h e r e f o r e ,   s u c c e s s f u l l y   i n t e r m i n g l e   the  pa i r s   of  conductors   and  c h a n g e  

t h e i r   r e l a t i o n s h i p   during  core  unit   manufac tu re   so  as  to  l e s s e n  

p a i r - t o - p a i r   and  p a i r - t o - g r o u n d   c a p a c i t a n c e   unbalance  and  to  r e d u c e  

c r o s s t a l k .   Apart  from  t h i s ,   the  s ize   of  the  appara tus   i t s e l f   r e q u i r e d  

for  t h i s   purpose,   i . e .   the  guide  p l a t e   16,  c y l i n d e r   20  and  housings  3 2 ,  

36  and  38,  are  r e l a t i v e l y   smal l .   For  i n s t a n c e ,   in  the  above  e x a m p l e ,  

in  a  case  where  the  conductor   pa i r s   may  be  formed  from  26  AWG  i n s u l a t e d  

c o n d u c t o r s ,   the  c y l i n d e r   20  need  only  have  a  d iameter   in  the  region  o f  

0.5  inches  and  the  holes  18  in  the  guide  p la te   are  on  a  pi tch  c i r c l e  



s l i g h t l y   g r e a t e r   than  th is   so  tha t   the  conduc to r   pairs  move  e a s i l y  

along  the  p e r i p h e r a l   sur face   of  the  c y l i n d e r .   With  th i s   d iameter   o f  

c y l i n d e r ,   an  i n t e r n a l   diameter   of  a p p r o x i m a t e l y   2  inches  in  s u f r f i c i e n t  

for  the  hous ings   32  and  36,  th is   d i a m e t e r   giving  s u f f i c i e n t   space  from 

the  c o n d u c t o r   pa i r s   to  move  f r e e l y   under  the  i n f luence   of  the  a i r f l o w  

dur ing   t h e i r   randomized  mixing  t o g e t h e r .   The  d iameters   of  the  c y l i n d e r  

and  the  hous ings   do,  of  course ,   vary  dependent   upon  the  numbers  o f  

c o n d u c t o r   p a i r s   which  are  to  be  formed  into  a  core  unit  and  also  upon 

the  gauge  of  conductor   which  is  being  used.   For  i n s t a n c e ,   for  a  100 

pai r   un i t   using  19  AWG  conduc to r s ,   i t   has  been  found  tha t   a  c y l i n d e r   20 

having  a  d i ame te r   of  approx imate ly   1  inch  will   s u f f i c e .  

In  a  m o d i f i c a t i o n   of  the  above  embodiment,  the  use  of  a 

t e n s i o n   r educ ing   means  is  u n n e c e s s a r y .   As  shown  in  Figure  8,  in  t h e  

m o d i f i c a t i o n   in  which  parts   of  the  a p p a r a t u s   downstream  from  and 

i n c l u d i n g   the  guide  plate   16  are  as  d e s c r i b e d   in  the  f i r s t   embodiment ,  

the  p r e v i o u s l y   tw i s t ed   conductor   pa i r s   10  are  fed  from  r ee l s   86  i n s t e a d  

of  being  formed  in  tandem  with  the  core  uni t   s t r and ing   o p e r a t i o n   a s  

d e s c r i b e d   above.   L i t t l e   t ens ion   is  r e q u i r e d   to  pull  the  c o n d u c t o r  

pa i r s   from  each  of  the  reels   and  to  pass  them  d i r e c t l y   through  t h e  

guide  p l a t e   16,  as  shown  in  Figure  8,  a f t e r   which  they  are  moved 

r e l a t i v e l y   to  each  other   and  formed  into  a  core  unit  as  de sc r i bed   i n  

the  f i r s t   embodiment.  It  is  found  t h a t   the  small  t ens ion   r equ i r ed   t o  

remove  them  from  the  ree ls   86  is  i n s u f f i c i e n t   to  cause  problems  in  t h e  

d i s p l a c e m e n t   of  the  conductor   pa i r s   by  the  flows  of  a i r   at  the  s t a t i o n  

14  and  th rough   the  housing  36 .  

A  second  embodiment  is  shown  in  Figures  9,  10  and  11 .  

In  t h i s   second  embodiment,  which  is  o t h e r w i s e   of  the  c o n s t r u c t i o n  

d e s c r i b e d   in  the  f i r s t   embodiment,  the  guide  p la te   16,  c y l i n d e r   20  and 

the  hous ings   32  and  36  are  r ep laced   with  some  other   means  f o r  



i n t r o d u c i n g   a i r f l o w   through  the  a r r a y ,   which  is  also  of  d i f f e r e n t  

c o n f i g u r a t i o n .   As  shown  in  Figure  9,  the  means  to  guide  the  c o n d u c t o r  

pa i r s   in  the  form  of  an  ar ray  comprises   the  guide  r o l l e r   80  of  t h e  

t e n s i o n   r educ ing   means.  Because  of  the  grooves  84  in  the  r o l l e r ,   a s  

d e s c r i b e d   in  the  f i r s t   embodiment,  the  conduc to r   pa i r s   are  d i sposed   i n  

p l ana r   a r r a y   by  the  grooves  and  proceed  in  t h i s   p lanar   a r r a y   t h r o u g h  

the  a i r f l o w   i n t r o d u c i n g   means .  

The  a i r f l ow   i n t r o d u c i n g   means  in  t h i s   embodiment  

compr i ses   a  f l a t   p la te   90  which  is  d i sposed   beneath  the  f e e d p a t h   o f  

the  p l a n a r   a r r ay   so  that   the  pa i rs   of  conduc to r s   pass  above  i t ,   a s  

shown  by  Figures   9  and  10.  The  p la te   90  is  formed  with  a i r   p a s s a g e  

means  in  the  form  of  a  p l u r a l i t y   of  s i d e - b y - s i d e   l o n g i t u d i n a l   s l i t s   92 ,  

e x t e n d i n g   along  the  feedpath  to  d i r e c t   an  a i r f l o w   ac ross   the  a r r ay   and 

for  a  d i s t a n c e   to  ensure  tha t   s u f f i c i e n t   load  is  a p p l i e d   to  t h e  

c o n d u c t o r   pa i r s   to  cause  t h e i r   movement,  but  wi thou t   s u f f i c i e n t  

p r e s s u r e   to  damage  the  i n s u l a t i o n .   The  edges  94  of  the  p l a t e   a r e  

formed  as  f l a n g e s .   Each  f lange  is  provided  with  a  s l i t   96  of  s i m i l a r  

s ize   and  shape  to  the  s l i t s   92.  The  p l a t e   90  forms  one  s ide   of  a 

chamber  98,  which  is  also  defined  by  a  s ide  and  bottom  housing  member 

100  and  102.  P r e s s u r i z e d   a i r   to  cause  flow  through  the  s l i t s   i s  

p rovided   un i fo rmly   throughout   chamber  98  from  a  header  un i t   104 

d i sposed   beneath   the  chamber,  the  header  uni t   being  s u p p l i e d   w i t h  

p r e s s u r i z e d   a i r   through  branch  i n l e t s   106 .  

In  order  to  be  able  to  remove  the  conduc to r   p a i r s  

randomly  wi th in   t h e i r   planar  a r r a y ,   i t   is  d e s i r a b l e   for  the  a i r f l o w  

through  each  of  the  s l i t s   to  be  i n d e p e n d e n t l y   changeable   in  use  of  t h e  

a p p a r a t u s .   To  allow  for  t h i s ,   the  a p p a r a t u s   is  provided  in  t h i s   c a s e  

with  a  b a f f l e   108  a s s o c i a t e d   with  each  of  the  s l i t s ,   each  b a f f l e   b e i n g  

p i v o t a l l y   mounted  within  the  chamber  98  and  movable  by  a  moving  means 



which  wil l   permit   i t s   i n d i v i d u a l   movement  r e l a t i v e   to  the  o t h e r  

b a f f l e s .   In  t h i s   embodiment,   the  moving  means  compr i ses   a  f l u i d  

o p e r a t e d   c y l i n d e r   110.  Each  of  the  c y l i n d e r s   is  c o n t r o l l e d   by  an 

e x t e r i o r   device   (not  shown),  which  may  be  a  mechanica l   device   or  may  be 

a  program  c o n t r o l l e d   computer  for  moving  each  of  the  b a f f l e s  

i n d e p e n d e n t l y   in  time  and  degree  of  movement  from  the  o the r s   between  a 

f u l l y   open  p o s i t i o n   or  a  f u l l y   closed  p o s i t i o n ,   as  shown  by  the  two 

do t t ed   l i n e s   for  each  of  the  b a f f l e s .   The  b a f f l e s   may  be  d isposed  a t  

any  i n t e r m e d i a t e   p o s i t i o n   between  these  two  l i m i t s   so  as  to  con t ro l   t h e  

flow  of  a i r ,   and  thus  cont ro l   the  a f f e c t   of  the  flow  of  a i r   t h r o u g h  

each  of  the  s l i t s   92  and  96.  Full  o u t l i n e   p o s i t i o n s   of  the  b a f f l e s   t o  

produce  one  c e r t a i n   a i r f l o w   e f f ec t   is  shown  in  Figure  10 .  

In  use  of  the  appara tus   of  the  second  embodiment,  a s  

the  p lanar   a r ray   of  conduc tor   pairs  is  fed  ac ros s   the  p la te   90,  the  a i r  

i s s u i n g   from  the  s l i t s   92  and  96  r e l a t i v e l y   moves  conduc tor   pa i rs   b o t h  

v e r t i c a l l y   and  s ideways ,   thus  mixing  them  at  random.  Re la t ive   movement 

of  the  b a f f l e s   changes  the  general  flow  of  the  a i r   and  i t s   r andomized  

p a t t e r n   above  the  p l a t e   90  to  ensure  t h a t ,   from  time  to  t ime,   t h e  

e f f e c t   upon  each  conduc to r   pair   changes  so  as  to  i n f l u e n c e   the  r e l a t i v e  

p o s i t i o n s .   To  p reven t   the  conductor  pa i r s   at  the  e d g e s  o f   the  a r r a y  

from  remain ing   s u b s t a n t i a l l y   in  t h e i r   o r i g i n a l   p o s i t i o n s   during  t h e i r  

movement  through  the  appa ra tus   and  into  the  s t r a n d i n g   machine,  t h e  

a i r f l o w   through  the  s l i t s   96  (which  may  be  an  i n t e r m i t t e n t   a i r f l o w )  

ensures   t ha t   these   conductor   pairs   move  to  new  p o s i t i o n s   across   t h e  

a r r a y .  

It  should  be  noted  that   the  conduc to r   pa i rs   are  n o t  

l e v i t a t e d   by  the  a i r   flow  which  merely  a p p l i e s   s u f f i c i e n t   force  t o  

change  r e l a t i v e   p o s i t i o n s   of  the  p a i r s .   The  conduc to r   pai rs   are  h e l d  

in  p o s i t i o n s   v e r t i c a l l y   r e l a t i v e   to  p la te   90  by  t e n s i o n   between 



s u p p o r t s   ups t ream  and  downstream  of  p la te   90.  The  pa i r s   may  be  h e l d  

spaced  from  p l a t e   90  or  may  even  touch  the  p la te   as  they  move  a c r o s s  

i t .   This  p o s i t i o n i n g   of  the  pa i r s   above  the  p la te   90  depends  upon  t h e  

t e n s i o n   a p p l i e d   to  the  p a i r s .  



1.  Apparatus  for  forming  a  core  unit   f rom 

t e l e c o m m u n i c a t i o n s   conductor   uni ts   each  formed  from  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   and  in  which  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   u n i t s   a r e  c h a n g e d   along  the  core  u n i t ,   c h a r a c t e r i z e d   in  t h a t  

the  a p p a r a t u s   compr ises   in  o rder ,   downstream  along  a  f eedpa th   for  t h e  

u n i t s : -  

means  (12,  80)  to  guide  c o n d u c t o r   un i t s   in  the  form  o f  

an  a r r a y   in  a  c r o s s - s e c t i o n   t r a n s v e r s e   to  the  f e e d p a t h ;  

means  (21,  22,  36,  38,  40,  42,  44,  90,  92,  96,  104)  t o  

i n t r o d u c e   a  flow  of  a i r   through  the  a r r ay   at  an  a i r f l o w   s t a t i o n   spaced  

downstream  from  the  a r ray   guide  means  so  as  to  cause  r e l a t i v e   s i d e w a y s  

movement  of  the  conduc tor   uni ts   and  c o n t i n u a l   change  in  t h e i r   p o s i t i o n s  

in  the  a r r a y   r e l a t i v e _ t o   t h e i r   p o s i t i o n s   at  the  ar ray  guide  means;  and 

a  core  unit   forming  and  t ake -up   means  (34)  to  draw  t h e  

conduc to r   u n i t s   t o g e t h e r   to  form  the  core  u n i t .  

2.  Apparatus  according  to  claim  1  c h a r a c t e r i z e d   in  t h a t  

the  a r r a y   guide  (21,  22,  36,  38,  40,  42,  44)  means  is  provided  to  form 

the  a r r ay   in  a r c u a t e   c o n f i g u r a t i o n .  

3.  Apparatus  according  to  claim  1  c h a r a c t e r i z e d   in  t h a t  

it   c o m p r i s e s ,   upstream  from  the  a i r   i n t r o d u c i n g   means,  a  t e n s i o n  

reducing   means  (70)  to  reduce  tens ion   in  the  conductor   un i t s   below  t h a t  

upst ream  of  the  t e n s i o n   reducing  means  to  enable   a i r f l o w   through  t h e  

a r ray   to  move  the  conductor   units   and  change  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 r a y .  



4.  Apparatus   accord ing   to  claim  2  c h a r a c t e r i z e d   in  t h a t  

the  a i r   i n t r o d u c i n g   means  is  loca ted   to  i n t r o d u c e   the  a i r f l o w   from  a 

p o s i t i o n   at  or  towards  a  c e n t e r   of  c u r v a t u r e   of  the  a r r a y .  

5.  Apparatus   according   to  claim  4  c h a r a c t e r i z e d   in  t h a t  

i t   compr ises   an  a r c u a t e   su r f ace   means  (20)  d i sposed   between  the  a r r a y  

guide  means  and  the  a i r   i n t r o d u c i n g   means  to  m a i n t a i n   the  c o n d u c t o r  

u n i t s   in  the  a r c u a t e   a r ray   as  they  move  towards  the  a i r f l o w   s t a t i o n .  

6.  Apparatus   according   to  claim  5  c h a r a c t e r i z e d   in  t h a t  

the  a r r ay   guide  means  has  uni t   guides  (18)  spaced  a p a r t   around  a  c e n t e r  

to  provide   the  a r c u a t e   a r ray   s u b s t a n t i a l l y   in  the  form  of  a  c i r c l e   and 

the  a r c u a t e   s u r f a c e   means  (20)  comprises  a  c y l i n d e r   having  i t s  

p e r i p h e r a l   su r f ace   for  m a i n t a i n i n g   the  conduc to r   un i t s   s u b s t a n t i a l l y   i n  

c i r c u l a r   a r r a y .  

7.  Apparatus  according   to  claim  4  c h a r a c t e r i z e d   in  t h a t  

the  a i r   i n t r o d u c i n g   means  comprises   a  passage  (21)  for  the  flow  of  a i r  

to  the  a i r f l o w   s t a t i o n   and  an  a i r   d i f f u s e r   (22)  at  said  s t a t i o n   t o  

d i f f u s e   the  a i r   from  the  passage ,   ou twardly   th rough  the  a r c u a t e   a r r a y  

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

8.  Apparatus  according   to  claim  7  c h a r a c t e r i z e d   in  t h a t  

the  a i r   d i f f u s e r   is  f r e e l y   r o t a t a b l e   and  has  vane  means  (28)  to  e n a b l e  

the  flow  of  a i r   to  r o t a t e   the  d i f f u s e r   as  the  a i r   passes   the  v a n e s .  

9.  Apparatus  accord ing   to  claim  6  c h a r a c t e r i z e d   in  t h a t  

the  a i r   i n t r o d u c i n g   means  comprises   a  passage  for  a i r f l o w   wi th in   t h e  



c y l i n d e r   to  the  a i r f l o w   s t a t i o n   and  an  a i r   d i f f u s e r   (22)  at  s a i d  

s t a t i o n   to  d i f f u s e   the  a i r   from  the  passage  ou tward ly   th rough  t h e  

c i r c u l a r   a r r ay   of  c o n d u c t o r s .  

10.  Apparatus  according   to  claim  9  c h a r a c t e r i z e d   i n  

t h a t   the  d i f f u s e r   (22)  is  f r e e l y   r o t a t a b l y   mounted  upon  the  c y l i n d e r  

(20)  and  has  vane  means  (28)  to  enable  the  flow  of  a i r   to  r o t a t e   t h e  

d i f f u s e r   as  the  a i r   passes  the  vane  means .  

11.  Apparatus  according   to  claim  6  c h a r a c t e r i z e d   i n  

t ha t   it  is  provided  with  an  annular   housing  (30)  s u r r o u n d i n g   t h e  

feedpa th   of  conduc to r   uni ts   at  the  a i r f l o w   s t a t i o n ,   the  housing  hav ing  

an  exhaust   (32)  for  a i r f l o w   a f t e r   a i r   has  passed  through  the  c i r c u l a r  

a r r a y .  

12.  Apparatus  according   to  claim  6  c h a r a c t e r i z e d   i n  

t ha t   it  is  provided  with  means  (36,  38,  40,  42)  for  d i r e c t i n g   a  f u r t h e r  

flow  of  a i r   across   the  ar ray  of  conductor   uni ts   in  d i r e c t i o n s   t o w a r d s  

the  cen te r   of  the  a r ray   so  as  to  a s s i s t   in  r e l a t i v e l y   moving  t h e  

conductor   u n i t s ,   and  to  move  the  uni ts   towards  one  ano ther   and  out  o f  

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

between  the  a i r   i n t r o d u c i n g   means  and  the  core  unit   forming  and  t a k e - u p  

means .  

13.  Apparatus  according  to  claim  12  c h a r a c t e r i z e d   in  

tha t   the  f u r t h e r   a i r f l o w   d i r e c t i n g   means  comprises  an  annulus  (36)  

su r round ing   the  f eedpa th   for  conductor   u n i t s ,   the  annulus  having  a i r  

passage  means  (44)  to  d i r e c t   the  f u r t h e r   a i r f l o w   from  p o s i t i o n s   a round 

the  f eedpa th   and  inwardly   of  the  a n n u l u s .  



14.  Apparatus  according   to  claim  13  c h a r a c t e r i z e d   i n  

t h a t   the  annulus   is  f r e e l y   r o t a t a b l e   and  has  vane  means  (46)  to  a l l o w  

the  f u r t h e r   a i r f l o w   to  r o t a t e   the  annulus  as  the  a i r   passes  the  vane 

m e a n s .  

15.  Apparatus  accord ing   to  claim  1  c h a r a c t e r i z e d   i n  

t h a t   the  guide  means  (80)  is  provided  to  provide  a  p lanar   a r ray   o f  

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

16.  Apparatus  according   to  claim  15  c h a r a c t e r i z e d   i n  

t h a t   the  a i r   i n t r o d u c i n g   means  comprises   a  f l a t   p la te   (90)  d i s p o s e d  

beneath  the  f eedpa th   and  passage  means  (92)  through  the  p la te   to  d i r e c t  

the  flow  of  a i r   upwardly  through  the  f e e d p a t h .  

17.  Apparatus  accord ing   to  claim  16  c h a r a c t e r i z e d   i n  

t ha t   the  passage  means  comprise  a  p l u r a l i t y   of  s l i t s   (92)  in  the  p l a t e ,  

the  s l i t s   ex tend ing   in  the  d i r e c t i o n   of  the  f e e d p a t h .  

18.  Apparatus  accord ing   to  claim  17  c h a r a c t e r i z e d   i n  

t h a t   i t   is  provided  with  a  p l u r a l i t y   of  b a f f l e s   (108)  beneath  t h e  

p l a t e ,   some  at  l e a s t   of  the  b a f f l e s   i n d i v i d u a l l y   movable  r e l a t i v e   t o  

o the r   b a f f l e s   so  as  to  a f f e c t   the  flow  of  a i r   through  i n d i v i d u a l  

s l i t s .  

19.  Apparatus  accord ing   to  claim  17  c h a r a c t e r i z e d   i n  

t h a t   f l a n g e s   (94)  exte id   upwardly  from  s ides   of  the  p l a t e ,   the  f l a n g e s  

formed  with  a i r   passage  means  (96)  t o . d i r e c t   a i r f l o w   across   t h e  

f e e d p a t h   and  across   the  p l a t e .  



20.  Apparatus  according  to  claim  1  c h a r a c t e r i z e d   i n  

t h a t   the  forming  and  t ake -up   means  comprises   drawing  means  (52,  54,  5 8 ,  

59)  to  draw  conduc to r   un i t s   into  and  through  the  forming  and  t a k e - u p  

means;  and  the  t e n s i o n   reducing  means  compr i ses   r o t a t a b l e   members  ( 7 2 ,  

74)  d isposed  along  the  feedpath   for  the  conduc to r   u n i t s ,   and  d r i v e  

means  (76,  78)  c o n t r o l l e d   to  drive  the  r o t a t a b l e   members,  said  d r i v e  

means  having  a  d r i ve   speed  dependent  upon  the  d r ive   speed  of  t h e  

drawing  means  to  ensure   tha t   the  u n r e s t r a i n e d   p e r i p h e r a l   speed  of  t h e  

r o t a t a b l e   members  is  in  excess  of  the  draw  speed  of  the  conduc tor   u n i t s  

into  the  forming  and  t ake -up   means,  l e n g t h s   of  p e r i p h e r a l   s u r f a c e s   o f  

the  r o t a t a b l e   members  p resented   to  the  f e e d p a t h s   being  i n s u f f i c i e n t   t o  

impart   a  dr iven  speed  to  the  conductor   u n i t s   above  t ha t   of  the  d raw 

speed  into  the  forming  and  take-up  means .  

21.  Apparatus  according  to  claim  1  c h a r a c t e r i z e d   i n  

t h a t   the  forming  and  t ake-up   means  is  a  s t r a n d i n g   m a c h i n e .  

22.  Apparatus  according  to  claim  20  c h a r a c t e r i z e d   i n  

t ha t   the  t e n s i o n   r educ ing   means  and  the  a r r a y   guide  means  are  in  t h e  

form  of  a  s ing le   un i t   (70)  and  the  guide  means  comprises   a  r o t a t a b l e  

guide  r o l l e r   (80)  for  guiding  the  conduc tor   un i t s   in  the  a r r a y .  

23.  Apparatus  according  to  claim  22  c h a r a c t e r i z e d   i n  

tha t   the  guide  r o l l e r   has  grooves  (84)  provided  to  form  a  p lanar   a r r a y  

of  the  conductor   u n i t s .  

24.  A  method  of  forming  a  core  uni t   f rom 

t e l e c o m m u n i c a t i o n s   conduc tor   u n i t s ,   each  compr i s ing   tw i s t ed   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 ,   and  in  which  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   un i t s   are  changed  along  the  u n i t ,   c h a r a c t e r i z e d   in  t ha t   t h e  

method  c o m p r i s e s : -  

pass ing   the  s e p a r a t e   conduc tor   un i t s   along  a  f e e d p a t h  

and  gu id ing   the  u n i t s   through  guide  means  into  an  a r ray   in  a 

c r o s s - s e c t i o n   t r a n s v e r s e   to  the  feedpath   before  the  conduc to r s   p a s s  

th rough   an  a i r f l o w   s t a t i o n ;  

pass ing   the  conductor   un i t s   through  the  a i r f l o w   s t a t i o n  

in  t h e i r   a r ray   and  s u b j e c t i n g   them  to  the  i n f l u e n c e   of  a  flow  of  a i r  

th rough  the  a r ray   at  said  s t a t i o n ,   the  flow  of  a i r   e f f e c t i n g   r e l a t i v e  

s ideways  movement  of  the  conductor   un i t s   and  c o n t i n u a l   change  in  t h e i r  

p o s i t i o n s   in  the  a r r ay   r e l a t i v e   to  t h e i r   p o s i t i o n s   at  the  guide  means ;  

and 

pass ing   the  conductor   un i t s   in  t h e i r   c o n t i n u a l l y  

changing  p o s i t i o n s   into  a  core  unit   forming  and  t ake -up   means  to  draw 

the  conduc tor   un i t s   t o g e t h e r   into  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   u n i t s   in  the  core  unit   at  any  p o s i t i o n   along  t h e  

l eng th   t h e r e o f   i n f l u e n c e d   by  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  

u n i t s   as  they  are  drawn  into  the  forming  and  t ake -up   means .  

25.  A  method  accord ing   to  claim  24  c h a r a c t e r i z e d   i n  

f eed ing   the  conduc tor   un i t s   along  the  feedpa th   towards  the  a i r f l o w  

s t a t i o n   while  reducing   the  t ens ion   in  each  conductor   uni t   below  tha t   a t  

an  upstream  p o s i t i o n   and  a s s i s t i n g   the  flow  of  a i r   at  the  a i r f l o w  

s t a t i o n   to  e f f e c t   the  r e l a t i v e   sideways  movement  of  the  conduc tor   u n i t s  

and  c o n t i n u a l l y   change  t h e i r   p o s i t i o n s   by  reducing  t e n s i o n   in  t h e  

conduc to r   u n i t s .  

26.  A  method  accord ing   to  claim  24  wherein  the  a r r ay   i s  



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

th rough   the  ar ray  from  a  p o s i t i o n   at  or  towards  a  c e n t e r   of  c u r v a t u r e  

of  the  a r r a y .  

27.  A  method  accord ing   to  claim  25  wherein  t h e  

c o n d u c t o r   un i t s   are  formed  in to   an  a r ray   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   c h a r a c t e r i z e d   in  ma in t a in ing   conduc to r   u n i t s   in  t h i s  

a r r a y   by  pass ing   them  along  a  c y l i n d r i c a l   s u r f a c e   as  they  approach  t h e  

a i r f l o w   s t a t i o n .  

28.  A  method  according   to  claim  27  c h a r a c t e r i z e d   i n  

d i f f u s i n g   the  air   at  the  a i r f l o w   s t a t i o n   to  pass  through  t h e  

s u b s t a n t i a l l y   c i r c u l a r   a r r a y .  

29.  A  method  accord ing   to  claim  28  c h a r a c t e r i z e d   i n  

t h a t   downstream  from  the  a i r f l o w   s t a t i o n ,   the  method  c o m p r i s e s  

s u b j e c t i n g   the  conductor   u n i t s   to  a  f u r t h e r   a i r f l o w   which  passes  a c r o s s  

the  a r r ay   in  d i r e c t i o n s   towards  the  center   of  the  a r ray   to  a s s i s t   i n  

r e l a t i v e l y   moving  the  conduc to r   uni ts   and  to  move  the  conductor   u n i t s  

towards  one  another   and  out  of  t h e i r   c i r c u l a r   a r ray   as  they  app roach  

the  core  uni t   forming  and  t ake -up   means.  

30.  A  method  according  to  claim  29  c h a r a c t e r i z e d   i n  

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

the  a r r ay   from  air   passage  means  in  an  annulus  su r round ing   the  f e e d p a t h  

for  the  conductor   u n i t s .  

31.  A  method  according  to  claim  24  c h a r a c t e r i z e d   i n  

f eed ing   the  conductor   un i t s   in  a  s u b s t a n t i a l l y   p lanar   a r ray   into  t h e  



a i r f l o w   s t a t i o n .  

32.  A  method  accord ing   to  claim  24  wherein  the  a r ray   i s  

p l ana r   and  c h a r a c t e r i z e d   in  d i r e c t i n g   the  a i r f l o w   at  the  a i r f l o w  

s t a t i o n   th rough  passage  means  provided  in  a  p lanar   p la te   l o c a t e d  

beneath   the  a r r a y .  
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