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(m)  Forming  cable  core  units. 
©  Making  a  cable  core  unit  in  which  pairs  (32)  of  twisted 
conductors  (30)  are  formed  upon  individual  twisting 
machines  (10),  the  twisted  conductor  pairs  then  fed  'in-line' 
to  a  core  forming  device  (13)  by  passing  the  pairs  through  a 
tension  reducing  means  (60,  62,  64,  66)  which  reduces 
tension  in  each  pair  while  allowing  the  lengths  of  the  pairs  to 
be  different  from  pair-to-pair  as  they  move  into  the  core 
forming  device.  Built-in  tensions  and  twisted  core  units  are 
thus  avoided.  Also  provided  is  a  tension  equalizing  device 
(34)  which  averages  out  the  tensions  between  conductor 
pairs. 
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This  invent ion   r e l a t e s   to  the  forming  of  cable  core  u n i t s .  

It  is  known  that  the  tw i s t i ng   of  i n su la t ed   e l e c t r i c a l  

conductors  t o g e t h e r   to  form  twis ted  conductor   units  with  a  s i n g l e  

d i r e c t i o n   of  twis t   o f f e r s   physical  and  e l e c t r i c a l   advantages  when  used  i n  

t e lecommunica t ions   cable  cores.   For  example,  the  provis ion   of  t w i s t e d  

conductor  units   improves  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  a  r educ t ion   in  

c r o s s t a l k .   Normally  a  twis ted   conductor  unit  cons i s t s   of  two  i n s u l a t e d  

conductors  twis ted   t o g e t h e r   as  a  twis ted   p a i r .  

C o n v e n t i o n a l l y ,   to  twis t   conductors  t oge the r   in  t w i s t e d  

p a i r s ,   high  speed  t w i s t i n g   machines  are  used.  In  such  tw i s t i ng   m a c h i n e s ,  

two  lengths  of  i n s u l a t e d   conductors  are  held  upon  reels   which  are  f r e e l y  

r o t a t a b l y   mounted  upon  reel  shaf ts   in  a  reel  cable.   To  twist   t h e  

conductor  lengths   t o g e t h e r ,   each  length  is  fed  from  its  reel ,   around  a 

r o t a t a b l e   pulley  system  and  the  lengths  are  then  brought  into  s i d e - b y - s i d e  

pos i t i ons   in  which  they  are  caused  to  r o t a t e   by  means  of  a  f lye r   or  o t h e r  

framework,  around  an  axis  of  the  c rad le .   This  ro ta t ion   provides  a  d o u b l e  

twis t   in  the  conductors   and  thus  forms  the  twis ted  pa i r .   The  t w i s t e d - - p a i r  

is  wound  onto  another   reel  immediately  a f t e r   t w i s t i n g .   After  w i n d i n g ,  

th is   reel  is  removed  from  the  t w i s t i n g  m a c h i n e   and  subsequent ly   p l a c e d  

with  other  ree ls   of  tw i s t ed   pairs  as  supply  to  a  machine  to  draw  t h e  

twis ted   pairs  t o g e t h e r   to  form  a  core  un i t .   The  twis ted   pairs  are  t h e n  

drawn  through  the  core  unit  forming  machine  to  provide  a  core  unit  of  a 

p l u r a l i t y   of  p a i r s ,   e.g.   50  or  100  pa i r s .   Hence,  tw i s t ing   into  pairs   i s  

performed  as  a  s epa ra te   opera t ion   and  on  a  d i f f e r e n t   machine  from  the  c o r e  

unit  forming  mach ine .  

While  it  may  be  a  manufactur ing  aim  to  twist   the  c o n d u c t o r s  

into  twisted  pairs   in  tandem  with  the  core  unit  forming  ope ra t ion ,   t h i s  



is  ex t remely   d i f f i c u l t   to  ach ieve   in  p r a c t i c e   for  the  fol lowing  r e a s o n s .  

During  forming  into  core  u n i t s ,   problems  are  found  in  drawing  t w i s t e d  

c o n d u c t o r   pa i r s   under  s u b s t a n t i a l l y   equal  t e n s i o n s   into  the  core  u n i t  

forming  machine  when  a  tandem  ope ra t ion   is  fo l lowed  at  high  l ine  s p e e d s ,  

e . g .   in  excess  of  400  f t . / m i n u t e .  

This  is  because  the  t ens ions   induced  into  each  twis ted   p a i r  

as  it  is  drawn  into  the  core  uni t   forming  machine  depend  pa r t l y   upon  t h e  

d i s t a n c e   between  the  t w i s t i n g   head  and  the  forming  machine  and  upon  t h e  

amount  of  con tac t   between  the  conductors   and  machine  s u r f a c e s .   Thus  w i t h  

p r e s e n t   knowledge,  one  t h e o r e t i c a l   way  of  reducing  t en s ion   d i f f e r e n c e s  

would  be  to  pos i t i on   all  of  the  t w i s t i n g   heads  at  s u b s t a n t i a l l y   equal  

d i s t a n c e s   from  the  core  unit   forming  machine.  This  is  i m p r a c t i c a l ,   o r  

even  i m p o s s i b l e ,   when  it  is  cons ide red   tha t   cable  core  uni ts   may  i n c l u d e  

up  to  100  twi s t ed   pairs   of  c o n d u c t o r s .   Design  and  f loor   s p a c e  -  

c o n s i d e r a t i o n s   do  not  enable  100  t w i s t i n g   machines  to  be  located   a t  

s u b s t a n t i a l l y   equal  d i s t a n c e s   from  the  core  unit   forming  machine.  On  t h e  

o the r   hand,  the  l a rge ly   d i f f e r i n g   unequal  t e n s i o n s   between  twis ted   p a i r s  

ach ieved   with  d i f f e r e n t l y   spaced  t w i s t i n g   machines  in  a  tandem  o p e r a t i o n  

would  r e s u l t   in  great   t ens ion   d i f f e r e n c e s   between  tw i s t ed   pairs  a f t e r  

forming  into  core  u n i t s .   In  an  at tempt  to  r e l i e v e   these  t e n s i o n s ,   t h e  

core  uni ts   would  become  u n c o n t r o l l a b l y   c o n t o r t e d   along  t h e i r   l e n g t h s .  

F u r t h e r   p rocess ing   of  the  u n i t s ,   e.g.  to  p rovide   cable  sheathing  and 

j a c k e t i n g ,   would  p resen t   i n su rmoun tab le   problems  as  the  core  units   would 

need  to  be  non -con to r t ed   for  these   o p e r a t i o n s .   In  a d d i t i o n ,   the  d i f f e r i n g  

t e n s i o n s   between  the  tw i s t ed   pa i r s   in  the  cable  cause  t i g h t e n i n g   t o g e t h e r  

of  the  conductors   in  some  regions   of  the  cable  more  than  in  others  t h u s  



varying  the  spacing  between  the  conduc to r s .   This  e f f e c t s   v a r i a t i o n s   in  

mutual  c a p a c i t a n c e   which  is  extremely  undes i r ab le   in  cable  d e s i g n .  

In  United  Kingdom  Patent   No.  1 ,428,130,   t he re   is  a 

d e s c r i p t i o n   of  appa ra tu s   for  t w i s t i n g   conductor  pai rs   and  for  s t r a n d i n g  

cable   core  un i t s   in  a  tandem  o p e r a t i o n .   In  th is   p a r t i c u l a r   a p p a r a t u s ,  

t w i s t i n g   machines  are  a r ranged  in  banks  extending  away  from  a  s t r a n d i n g  

machine  and  conduc tors   are  fed  from  these  banks  into  the  s t r a n d i n g  

machines .   There  is  no  d i s c u s s i o n   in  th is   pr ior   s p e c i f i c a t i o n   c o n c e r n i n g  

the  d i f f i c u l t i e s   a s s o c i a t e d   with  d i f f e r e n t   t ens ions   or  t en s ion   bui ld-up  in  

the  tw i s t ed   pairs   as  they  approach  the  s t r and ing   machine.  Poss ib ly   t h e  

reason  for  t h i s   omission  is  tha t   as  t ens ion   bui ld-up  i n c r e a s e s   w i t h  

o p e r a t i o n a l   speed  and  as  t h i s   appara tus   is  bu i l t   to  opera te   at  e x t r e m e l y  

low  l ine   speeds ,   e .g .   up  to  220  f t . / m i n . ,   the  problem  of  t ens ion   in  t h e  

t w i s t e d   pa i r s   is  not  s u f f i c i e n t l y   important   to  s i g n i f i c a n t l y   a f f ec t   t h e  

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

This  p a r t i c u l a r   appara tus   could  not  n u l l i f y   any  t e n s i o n  

d i f f e r e n t i a l   e f f e c t   between  tw i s t ed   pairs  nor  could  it  solve  the  problem 

of  excess ive   t e n s i o n   bu i ld -up   in  pairs   approaching  the  s t r a n d i n g   machine 

in  manufac ture   of  a  core  unit  at  f a s t e r   speeds,  e .g .   at  around  600 

f t . / m i n .  

In  a  f u r t h e r   c o n s t r u c t i o n   suggested  in  United  S ta tes   P a t e n t  

No.  4 ,429 ,519 ,   g ran ted   February  7,  1984,  in  the  name  of  J.N.  Garner  et  al 

and  e n t i t l e d   "Forming  Cable  Core  Uni t s" ,   there  is  de sc r ibed   an  a p p a r a t u s  

for  t andemiz ing   the  t w i s t i n g   and  s t r and ing   o p e r a t i o n .   With  t h i s  

a r rangement ,   the  t w i s t i n g   ope ra t ion   is  performed  by  o s c i l l a t i n g   a  gu ide  

means,  which  may  be  in  the  form  of  tubes ,   to  provide  tw i s t ed   pairs  of  

c o n d u c t o r s .   This  a p p a r a t u s ,   however,  will  only  provide  tw i s t ed   pairs  wi th  



a l t e r n a t i n g   t w i s t ,   i . e .   with  the  tw i s t   ex tend ing   f i r s t   in  one  d i r e c t i o n  

around  the  pai r   and  then  in  the  o the r .   This  s t r u c t u r e   is  somet imes  

r e f e r r e d   to  as  an  'S-Z'   t w i s t .   This  type  of  tw i s t   is  r e l a t i v e l y   unknown 

in  cable  design  and  i t s   use  in  large  m u l t i - p a i r   cables   has  yet  to  be 

e v a l u a t e d   t o g e t h e r   with  any  a t t e n d a n t   d i f f i c u l t i e s   which  may  at  p resent   be 

unknown.  It  is  known,  however,  tha t   t he re   would  be  d i f f i c u l t y   in  

c o n t r o l l i n g   the  p i tch   of  the  twis t   in  'S-Z'   t w i s t   cables   and  the  t e n s i o n s  

in  the  t w i s t e d   p a i r s .   Varying  t e n s i o n s   may  have  u n d e s i r a b l e   e f f e c t s   upon 

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   of  the  cable  and  excess ive   t e n s i o n s   cou ld  

damage  f r a g i l e   conductor   i n s u l a t i o n .   There  are  also  p o t e n t i a l   mechanica l  

problems  i n v o l v e d .   With  the  use  of  a  cont inuous   d i r e c t i o n   of  tw i s t   in  

each  p a i r ,   however,  the  pai rs   are  p o t e n t i a l l y   e a s i e r   to  h a n d l e .  

The  p resen t   invent ion   is  concerned  with  an  appara tus   f o r  

t a n d e m i z i n g   the  o p e r a t i o n   of  t w i s t i n g   u n i t s ,   e . g . ,   pa i rs   of  c o n d u c t o r s  

with  a  con t inuous   twis t   in  one  d i r e c t i o n   and  then  for  forming  a  core  u n i t  

while  avoid ing   or  minimizing  the  problems  d i scussed   above  regard ing   t h e  

b u i l d - u p   of  t e n s i o n   in  the  tw i s t ed   pairs   and  the  t en s ion   d i f f e r e n c e s   f o r  

high  s p e e d  o p e r a t i o n .  

Acco rd ing ly ,   the  p resen t   i nven t ion   provides   an  appara tus   f o r  

making  a  core  uni t   o f - t w i s t e d   uni ts   of  i n d i v i d u a l l y   i n s u l a t e d   conductors   -:. 

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

a  p l u r a l i t y   of  t w i s t i n g   machines  each  for  ca r ry ing   a 

p l u r a l i t y   of  reels   of  i n s u l a t e d   conductors   and  for  t w i s t i n g  

the  conductors   t o g e t h e r   to  form  a  tw i s t ed   u n i t ;  

a  core  unit  forming  and  t ake-up   means  to  draw  the  t w i s t e d  

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



drawing  means  to  draw  t w i s t e d   uni ts   into  the  forming  and 

t a k e - u p   means ;  

and  along  feedpaths   between  the  t w i s t i n g   machines  and  t h e  

core  uni t   forming  and  take-up   means,  there  is  provided  a 

t en s ion   reducing  means  compris ing   r o t a t a b l e   members,  and 

dr ive   means  c o n t r o l l e d   to  d r ive   the  r o t a t a b l e   members,  s a i d  

dr ive   means  dependent  upon  the  drive  speed  of  the  d rawing  

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  

the  r o t a t a b l e   members  is  in  excess  of  the  draw  speed  of  t h e  

t w i s t e d   un i t s   into  the  forming  and  take-up  means,  l eng ths   of 

p e r i p h e r a l   su r f aces   of  the  r o t a t a b l e   members  p r e sen t ed   t o  

the  f e e d p a t h s   being  i n s u f f i c i e n t   to  impart  a  dr iven  speed  t o  

the  conduc to r s   above  that   of  the  draw  speed  into  the  fo rming  

and  t ake -up   means .  

The  core  unit   forming  and  t ake-up   means  may  comprise  a 

s t r a n d i n g   machine  or  a  machine  which  merely  groups  the  tw i s t ed   u n i t s  

t o g e t h e r   without  s t r a n d i n g .  

According  to  a  f u r t h e r   a spec t ,   the  invent ion   p r o v i d e s  

a p p a r a t u s   for  making  a  core  unit  from  tw i s t ed   units   of  i n d i v i d u a l l y  

i n s u l a t e d   conductors   c o m p r i s i n g : -  

a  p l u r a l i t y   of  t w i s t i n g   machines  each  for  ca r ry ing   a 

p l u r a l i t y   of  ree ls   of  i n s u l a t e d   conductor   and  for  t w i s t i n g  

the  conduc to r s   t oge the r   to  form  a  twis ted   u n i t ;  

a  core  uni t   forming  and  t ake -up   means  in  tandem  with  t h e  

t w i s t i n g   machines  to  draw  the  twis ted   conductor   u n i t s  

t o g e t h e r   to  form  a  core  u n i t ;  



the  forming  and  t a k e - u p   means  comprising  drawing  means  t o  

draw  twis ted   un i t s   in to   the  forming  and  take-up  means;  and 

between  each  t w i s t i n g   machine  and  the  forming  and  t a k e - u p  

means,  there  is  p rovided   a  t ens ion   e q u a l i z i n g   means 

compris ing  a  r o t a t a b l e   member  disposed  along  the  f e e d p a t h s  

of  the  twis ted   u n i t s ,   and  dr ive   means  c o n t r o l l e d   to  d r i v e  

the  r o t a t a b l e   member,  said  dr ive   means  having  a  dr ive   speed  

dependent   upon  the  d r ive   speed  of  the  drawing  means  t o  

ensure   that   the  u n r e s t r a i n e d   pe r iphe ra l   speed  of  t h e  

r o t a t a b l e   member  is  in  excess  of  the  draw  speed  of  t h e  

t w i s t e d   units   into  the  forming  and  take-up  means,  l e n g t h s  o f _  

the  pe r iphera l   s u r f a c e   of  the  r o t a t a b l e   member  p r e sen t ed   t o  

the  feedpaths   being  i n s u f f i c i e n t   to  impart  a  dr iven  speed  t o  

the  tw i s t ed   uni ts   above  t ha t   of  the  draw  speed  into  t h e  

forming  and  take-up  m e a n s .  

In  a  p r e f e r r ed   a r r a n g e m e n t ,   the  tens ion   e q u a l i z i n g   means 

comprises   r o t a t a b l e   members  compr is ing   d r i v a b l e   shaf t s   surrounded  by 

t u b u l a r   members  which  are  in  s l i p p i n g   d r i v a b l e   engagement  t h e r e w i t h .   To 

provide  the  s l i p p i n g   d r ivab le   engagement ,   the  tubula r  members   may  be  h e l d  

in  bea r ings   upon  the  d r ivab le   s h a f t .   I n  t h i s   c o n s t r u c t i o n   it  is  i n t e n d e d  

tha t   the  u n r e s t r a i n e d   pe r iphera l   speed  of  the  t ubu la r   members  s h o u l d  

exceed  the  draw  speed  of  the  unit  into  the  forming  and  take-up  means.  For  

t h i s   purpose ,   it  may  be  necessary   to  provide  packed  grease  between  t h e  

sha f t s   and  t u b u l a r   members  to  i n c r e a s e   the  dr ive  between  them.  The 

tens ion   e q u a l i z i n g   means  opera tes   so  t ha t   as  twis ted   pairs   of  c o n d u c t o r s  

t rave l   s i d e - b y - s i d e   across  and  in  c o n t a c t   with  the  t ubu la r   members,  t h e  

r o t a t i o n a l   speeds  of  the  t ubu l a r   members  are  lessened  compared  to  t h e i r  



u n r e s t r a i n e d   speeds  and  these  l e s sened   speeds  are  governed  by  a 

combinat ion   of  t e n s i o n s   and  speeds  in  all  of  the  conductor   pai rs   p a s s i n g  

over  the  members. 

To  enable  the  e q u a l i z i n g   means  to  ope ra t e ,   it  is  e s s e n t i a l  

to  place  the  t w i s t i n g   machines  in  s e r i e s   so  that   the  f eedpa ths   for  t h e  

t w i s t e d   pa i rs   l i e   s i d e - b y - s i d e   and  the  t ens ion   e q u a l i z i n g   means  l i e s   in  

the  paths  of  the  tw i s t ed   pairs   as  they  approach  the  forming  and  t a k e - u p  

means .  

The  inven t ion   f u r t h e r   inc ludes   a  method  of  forming  a  c o r e  

unit  of  tw i s t ed   i n s u l a t e d   conductor   un i t s   comprising  t w i s t i n g   i n s u l a t e d  

conduc to r s   t o g e t h e r   into  a  p l u r a l i t y   of  twis ted   i n s u l a t e d   conductor   u n i t s  

with  each  unit   having  a  s ing le   d i r e c t i o n   of  twis t   along  i t s   l e n g t h ;  

drawing  the  t w i s t e d   uni ts   as  they  are  being  formed,  through  a  core  u n i t  

forming  and  take-up  means  to  form  the  core  uni t ;   and,  as  the  tw i s t ed   u n i t s  

approach  the  forming  and  take-up  means,  reducing  the  t ens ion   in  all  of  t h e  

un i t s   by  c o n t a c t i n g   them  with  a  p e r i p h e r a l   surface   of  at  l e a s t   one 

r o t a t i n g   member  disposed  in  a  t e n s i o n   reducing  s t a t i o n   and  driven  at  a 

p e r i p h e r a l   speed  in  excess  of  the  draw  speed  into  the  forming  and  t a k e - u p  

means  while  the  draw  speed  app l i e s   t ens ion   to  the  units   as  they  leave  t h e  

t ens ion   reducing  s t a t i o n ,   p e r i p h e r a l   sur face   contac t   with  each  unit  in  t h e  

t e n s i o n   reducing  s t a t i o n   s u f f i c i e n t   only  to  increase   the  speed  of  t h e  

un i t s   towards ,   but  not  beyond,  tha t   of  the  draw  speed .  

The  inven t ion   also  inc ludes   a  method  of  forming  a  core  u n i t  

of  tw i s t ed   i n s u l a t e d   conductor   un i t s   c o m p r i s i n g : -  

t w i s t i n g   i n s u l a t e d   conductors   t oge the r   into  a  p l u r a l i t y   of  

t w i s t e d   i n s u l a t e d   conductor   units   with  each  unit  having  a 

s ing le   d i r e c t i o n   of  tw i s t   along  i ts   l e n g t h ;  



drawing  the  tw i s t ed   un i t s   as  they  are  being  formed  through  a 

core  uni t   forming  and  t ake-up   means  to  form  the  core  u n i t ;  

and,  as  the  tw i s t ed   uni ts   approach  the  forming  and  t a k e - u p  

means,  reducing  d i f f e r e n c e s   in  t ens ion   between  the  uni ts   by 

c o n t a c t i n g   them  with  the  p e r i p h e r a l   sur face   of  a  r o t a t i n g  

member  to  reduce  i t s   p e r i p h e r a l   speed  to  a  speed  i n f l u e n c e d  

by  a  combinat ion  of  t e n s i o n s   in  all  of  the  un i t s   upstream  o f  

the  r o t a t a b l e   member. 

One  embodiment  of  the  i nven t ion   will  now  be  desc r ibed   by  way 

of  example,  with  r e f e r e n c e   to  the  accompanying  drawings  in  which :  

F igure   1  is  a  plan  view  of  main  par ts   of  appara tus   f o r  

forming  a  s t randed   core  unit  of  100  t w i s t e d   i n s u l a t e d   conductor   p a i r s ;  

F igure   2  is  a  side  e l e v a t i o n a l   view  of  the  appara tus   o f  

Figure   1  in  the  d i r e c t i o n   of  Arrow  ' I I '   in  Figure  1; 

Figure  3  is  a  plan  view  of  t w i s t i n g   machines  and  t e n s i o n  

e q u a l i z i n g   means  forming  part  of  the  appara tus   and  shown  on  a  l a r g e r   s c a l e  

than  in  Figure  1; 

Figure   4 - i s   a  c r o s s - s e c t i o n a l   view  along  l ine  ' IV-IV'   i n  

Figure  2,  of  a  t en s ion   e q u a l i z i n g   means  and  on  the  same  scale  as  Figure  3 ;  

Figure  5  is  a  side  e l e v a t i o n a l   view  of  a  t w i s t i n g   machine  

and  t ens ion   e q u a l i z i n g   means  taken  in  the  d i r e c t i o n   of  arrow  'V'  i n  

Figure   3 ;  

Figure   6  is  a  side  e l e v a t i o n a l   view  of a  t ens ion   r e d u c i n g  

means  of  the  appa ra tus   in  the  d i r e c t i o n   of  arrow  ' V l '  i n   Figure  1  but  on  a 

l a r g e r   sca le ;   and 

Figure  7  is  a  view  of  the  t ens ion   reducing  means  taken  i n  

the  d i r e c t i o n   of  arrow  'VII '   in  Figure  6 .  



As  shown  in  F igures   1  and  2,  appara tus   for  making  a  s t r a n d e d  

core  unit  of  100  t w i s t e d   pa i rs   of  conductors   comprises  appara tus   f o r  

t w i s t i n g   the  conductor   pa i rs   i nc lud ing   a  hundred  t w i s t i n g   machines  10 

arranged  in  four  s t r a i g h t   banks  12  with  t w e n t y - f i v e   machines  in  each  bank.  

The  appara tus   is  capable   of  making  cable  core  unit  at  a  speed  of  up  to  and 

pos s ib ly   in  excess  of  600  f t . / m i n .   Spaced  from  one  end  of  the  four  banks 

12  is  located   a  core  unit   forming  and  take-up  means.  This  comprises   a 

s t r a n d i n g   machine  13  compr is ing   a  s t r and ing   f lye r   14  and  i nc lud ing   a 

"he lper"   capstan  15.  The  "he lper"   capstan  is  to  a s s i s t   in  the  d r awing  

of  the  core  unit   into  the  machine  13,  the  main  force  for  which  is  taken  by 

a  motor  16  which  d r ives   a  core  unit  take-up  reel  17.  Upstream  of  t h e  

machine  13  is  a  drawing  means  in  the  form  of  a  c los ing  die  18  for  d rawing  

t w i s t e d   conductor   pa i r s   t o g e t h e r ,   and  a  binding  head  20.  This  s t r u c t u r e  

of  c los ing  die,  b inding  head  and  s t r and ing   machine  is  c o n v e n t i o n a l .  

As  shown  by  Figure  5,  each  of  the  t w i s t i n g   machines  10 

comprises  a  cabinet   22  wi th in   which  is  loca ted   a  reel  c radle   24  f o r  

holding  two  reels   26  of  i n d i v i d u a l   i n s u l a t e d   conductors   in  a  r o t a t a b l e  

fash ion   to  enable  the  conductors   to  be  drawn  from  the  ree ls   under  t h e  

drawing  i n f luence   of  the  s t r a n d i n g   machine  14.  Each  t w i s t i n g   machine  may 

be  of  convent ional   c o n s t r u c t i o n   for  enabl ing  the  conductors   to  be  drawn 

from  the  reels   and  to  be  t w i s t e d   t o g e t h e r   as  they  pass  through  and 

outwardly  from  the  machine.   However,  in  th i s   embodiment,  each  t w i s t i n g  

machine  is  of  the  c o n s t r u c t i o n   descr ibed   in  a  copending  Canadian  p a t e n t  

a p p l i c a t i o n   Ser ia l   No.  444,294  e n t i t l e d   "Twisting  Machine",  f i l ed   December 

23,  1983  and  in  the  names  of  J.  Bouffard,   A.  Dumoulin  and  E.D.  L e d e r h o s e .  



As  shown  in  that   c o n s t r u c t i o n   each  t w i s t i n g   machine  comprises  two  f l y e r s  

28  and  a s s o c i a t e d   pul leys   t o  p r o v i d e   a  balanced  r o t a t i o n a l   s t r u c t u r e   w h i l e  

avo id ing   convent iona l   ba l anc ing   weights .   The  two  conductors   30  b e i n g  

removed  from  the  ree l s   26  pass  downwardly  t o g e t h e r   as  desc r ibed   in  t h e  

a f o r e m e n t i o n e d   s p e c i f i c a t i o n   and  then  through  a  s e l e c t e d   one  of  the  f l y e r s  

28  only.   As  t h e  c o n d u c t o r s   move  through  t h e i r   f l y e r ,   the  f l ye r s   a r e  

r o t a t e d   by  a  drive  motor  (not  shown)  which  is  e i t h e r   an  i n d i v i d u a l   mo to r  

for   each  t w i s t i n g   machine  or  the  tw i s t i ng   machines  are  driven  from  a 

common  motor  or  motors .   Flyer  r o t a t i o n   causes  the  two  conductors   30  t o  

t w i s t   t o g e t h e r   with  a  double  twis t   as  is  known.  Each  t w i s t i n g   machine 

forms  a  sub-assembly  on  a  main  frame  which  extends   l eng thwise   of  i ts   bank 

12.  As  desc r ibed   in  g r e a t e r   de ta i l   in  a  copending  Canadian  a p p l i c a t i o n  

Se r i a l   No.  444,292,  f i l e d   December  1983,  e n t i t l e d   "Apparatus  For  T w i s t i n g  

I n s u l a t e d   Conductors" ,   and  in  the  names  of  J.  Bouf fa rd ,   A.  Dumoulin  and 

0.  Axiuk,  each  sub-assembly  of  t w i s t i n g   machine  is  de t achab le   from  t h e  

a p p a r a t u s   in  a  complete  fo rm.  

As  can  be  seen  from  Figures  1  and  2  p a r t i c u l a r l y ,   each  o f  

the  t w i s t e d   pairs  32  as  it   emerges  from  the  top  of  i t s   t w i s t i n g   mach ine  

moves  along  the  l ine   of  i t s   a s s o c i a t e d   bank  12  of  t w i s t i n g   machines  as  i t  

proceeds   towards  the  s t r a n d i n g   machine .  

Disposed  above  each  of  the  un i t s   12  are  a  p l u r a l i t y   of  

t e n s i o n   e q u a l i z i n g   means  34,  one  above  the  downstream  end  of  each  t w i s t i n g  

machine  10.  The  e q u a l i z i n g   means  are  omitted  from  Figure  1  for  c l a r i t y .  

F igure   4  shows  one  of  the  t ens ion   e q u a l i z i n g   means  in  d e t a i l .   Each 

t e n s i o n   equa l i z ing   means  comprises  a  shaft   36  which  extends  from 

s i d e - t o - s i d e   of  the  f eedpa ths   for  the  t w i s t e d   p a i r s ,   the  shaf t   being  h e l d  

r o t a t a b l y   in  bear ings   38.  One  end  of  each  shaf t   36  extends  through  a 



bea r ing   38  into  the  i n t e r i o r   of  a  housing  40,  ups tand ing   from  the  gene ra l  

level   of  the  t w i s t i n g   machines.   This  end  of  each  shaf t   36  has  a  V-grooved 

pu l l ey   42  which  is  engaged  by  a  drive  belt   44.  The  t ens ion   e q u a l i z i n g  

means  are  driven  c o n v e n i e n t l y   in  groups  of  five  whereby  each  of  the  b e l t s  

44  extends  along  the  t w i s t i n g   machines  so  as  to  encompass  f ive  of  t h e  

p u l l e y s   42.  One  of  the  dr ive  shaf t s   for  each  of  the  groups  of  f ive  i s  

d r iven   d i r e c t l y   by  a  dr ive  motor  46,  mounted  upon  the  housing  40  and 

connec ted   to  i t s   dr ive  shaf t   36  by  an  endless   drive  member  48  and  p u l l e y s  

50  and  52  located   on  the  drive  shaft   36  and  on  the  driven  shaf t   for  t h e  

motor  46.  In  each  t e n s i o n   equa l i z ing   means  there   is  provided  a  t u b u l a r  

member  54  ca r r i ed   in  bea r ings   56  around  shaft   36  so  that   it  is  in  s l i p p i n g  

d r i v a b l e   engagement  with  the  sha f t .   The  t ubu la r   member  54  sur rounds   t h e  

s h a f t   36  so  as  to  extend  beneath  the  feedpaths   for  tw i s t ed   pa i r s   of  

c o n d u c t o r s .   It  is  in tended   that   as  the  shaf t   36  is  driven  then  t h e  

t u b u l a r   member  54  will  r o t a t e   at  s u b s t a n t i a l l y   the  same  angular   speed  as 

the  shaf t   unless  the  member  is  r e s t r a i n e d .   While  the  bea r ings   56  may 

s u f f i c e   for  t h i s   purpose ,   the  ins ide   of  the  t u b u l a r   member  may  also  be 

packed  with  grease  to  hold  it   in  more  p o s i t i v e   d r iv ing   engagement  with  t h e  

s h a f t .  

It  is  an  important   aspect  of  the  i nven t ion   and  as  b rough t  

out  in  th i s   embodiment  tha t   the  drive  motor  46  is  coupled  e l e c t r i c a l l y   t o  

the  l ine   speed  of  the  assembled  twis ted   conductor   un i t s   into  the  s t r a n d i n g  

machine,   whereby  the  speed  of  the  drive  motor  46  is  c o n t r o l l e d   in  r e l a t i o n  

to  the  motor  64  so  tha t   the  t ens ion   e q u a l i z i n g   means  is  dr iven  to  p r o v i d e  

a  pe r iphe ra l   speed  for  the  u n r e s t r a i n e d   t ubu l a r   members  54,  which  i s  

s l i g h t l y   in  excess  of  the  draw  speed  of  the  twis ted   pairs   into  t h e  

s t r a n d i n g   machine.  The  l ine  speed  of  the  assembled  conductors   is  measured 



by  a  c o n v e n t i o n a l   means  such  as  a  ro to r   p u l s e r  d e v i c e   (not  shown).  The 

reason  for  t h i s   excess  speed  will   be  e x p l a i n e d   below.  The  p e r i p h e r a l  

speed  of  the  u n r e s t r a i n e d   t ubu l a r   members  is  a  quest ion  of  c h o i c e  

dependent   upon  the  t ens ion   reducing  e f f e c t s   tha t   are  r e q u i r e d .   It  has  

been  found  in  p r a c t i c e   that   the  p e r i p h e r a l   speed  of  the  t u b u l a r   members  54 

should  exceed  the  speed  of  the  t w i s t e d   un i t s   i n t o  t h e   s t r a n d i n g   machine  by 

up  to  5%  and  p r e f e r a b l y   between  2%  and  3%. 

As  may  be  seen  from  the  above  d e s c r i p t i o n ,   the re   a r e  

t w e n t y - f i v e   t ens ion   e q u a l i z i n g   means  along  each bank  12  of  t w i s t i n g  

machines .   The  f u r t h e s t   e q u a l i z i n g   means  from  the  s t r a n d i n g   machine  

s u p p o r t s   only  one  tw i s t ed   pair  32,  i . e .   t ha t   from  the  f u r t h e s t   t w i s t i n g  

machine.   The  number  of  twis ted   pa i r s   suppor ted   by  e q u a l i z i n g   means 

i n c r e a s e s   along  each  bank  12,  from  e q u a l i z i n g   means  to  e q u a l i z i n g   means,  

u n t i l   t w e n t y - f i v e   pa i r s   are  c a r r i e d   by  the  e q u a l i z i n g   means  c l o s e s t   to  t h e  

s t r a n d i n g   mach ine .  

Guide  means  is  provided  along  the  t w i s t i n g   machines  10  f o r  

ho ld ing   the  tw i s t ed   pa i rs   32  spaced  from  one  another   to  prevent   t h e  

t e n s i o n   in  one  pair   from  i n f l u e n c i n g   tha t   in  ano ther .   This  guide  means 

takes   the  form  of  a  p l u r a l i t y   of  v e r t i c a l   guide  rods  58.  These  guide  rods 

are  l oca t ed   ad j acen t   to  but  s l i g h t l y   downstream  from  each  of  the  t u b u l a r  

members  54  and  are  held  s t a t i o n a r y   in  suppor t   b racke ts   (not  shown)  i n  

spaced  apar t   p o s i t i o n s   ax i a l l y   of  the  t u b u l a r   members.  The  number  o f  

guide  rods  58  used  in  respect   of  each  e q u a l i z i n g   means  depends  on  t h e  

number  of  tw i s t ed   pa i rs   of  conductors   which  will  pass  over  tha t   p a r t i c u l a r  

e q u a l i z i n g   means.  At  the  e q u a l i z i n g   means,  at  Figure  4,  the re   are  f i v e  

guide  rods  58  provided  which  thus  form  guide  means  for  four  twis ted   p a i r s  

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



As  the  t w e n t y - f i v e   twis ted   pairs   of  conductors   emerge  from 

the  downstream  end  of  each  of  the  uni ts   12,  they  pass  through  a  t e n s i o n  

reducing   means  for  the  purpose  of  reducing  the  t ens ion   which  has 

accumulated  in  the  t w i s t e d   pairs   during  t w i s t i n g   and  drawing  of  the  p a i r s  

up  to  th i s   p o s i t i o n .   As  shown  in  Figures   1,  2,  6  and  7,  the  t e n s i o n  

reducing   means  for  each  group  of  t w e n t y - f i v e   tw i s t ed   pairs   of  c o n d u c t o r s ,  

is  in  a  t ens ion   reducing  s t a t i o n   and  comprises  two  driven  r o t a t a b l e  

c y l i n d e r s   60  and  62  around  each  of  which  the  conductors   must  pass  on  t h e  

way  to  the  s t r a n d i n g   machine.  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 iameter   and  have  a  common  drive  in  the  form  of  a  drive  motor  64,  

which  is  connected  to  the  cy l i nde r   62  by  a  drive  bel t   66.  A  dr ive   b e l t  

(not  shown)  a lso  d r i vab ly   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  64  is  e l e c t r i c a l l y   in f luenced   by  the  l i ne speed   also  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   60  and  62,  which  is  s l i g h t l y   in  

excess  of  the  drawing  speed  of  the  tw i s t ed   pa i r s   of  conductors   into  t h e  

s t r a n d i n g   machine.  The  degree  of  t h i s   excess  in  speed  is  again  sub jec t   t o  

choice  dependent  upon  des ign,   but  in  th i s   p a r t i c u l a r   machine  l ies   between 

1  and  5%  and  p r e f e r a b l y   is  in  the  region  of  3%. 

For  purposes  of  c l a r i t y   and  to  a s s i s t   in  an  unde r s t and ing   of  

the  ope ra t ion   of  each  t ens ion   reducing  means,  it  is  of  importance  t o  

r e a l i z e   that   the  two  c y l i n d e r s   60  and  62  are  not  a  capstan  drive  and  do 

not  opera te   as  such  in  the  accepted  sense  for  drawing  twis ted   pairs   of 

conductors   through  appara tus   in  cable  manufac tu re .   In  th is   embodiment  and 

accord ing   to  the  i n v e n t i o n ,   the  c y l i n d e r s   60  and  62  do  not  engage  each  of 

the  twis ted   pa i rs   along  a  s u f f i c i e n t l y   l ong .a rc   of  contac t   to  p r o v i d e  

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

wi thout   the  a s s i s t a n c e   of  t ens ion   upon  the  pai rs   downstream  of  t h e  



c y l i n d e r s   and  provided  by  the  r o t a t i o n   of  the  reel  18.  Hence,  if  t h e  

s t r a n d i n g   machine  were  omi t ted ,   the  c y l i n d e r s   60  and  62  would  be  i n c a p a b l e  

of  drawing  tw i s t ed   pa i r s   from  the  t w i s t i n g   machines.   A d d i t i o n a l  

f r i c t i o n a l   grip  by  the  c y l i n d e r s   upon  the  tw i s t ed   pairs   is  c rea ted   by 

t e n s i o n   downstream  of  the  c y l i n d e r s   pu l l i ng   the  pa i r s   down  onto  t h e  

c y l i n d e r   s u r f a c e s .   While  th i s   t en s ion   is  ma in ta ined ,   the  c y l i n d e r s   w i l l  

draw  the  tw i s t ed   pa i rs   from  the  t w i s t i n g   machines  with  some  s l i p p a g e  

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  grip  of  the  c y l i n d e r s   tends  to  increase   the  speed  of  

any  p a i r ,   in  the  reducing  s t a t i o n ,   towards  i t s   draw  speed  into  t h e  

s t r a n d i n g   machine,  then  the  downstream  t e n s i o n  f r o m   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   grip  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 ip   to  a  g r e a t e r   extent   upon  the  t w i s t e d  

pa i r   and  the re   is  a  decrease   in  the  tendency  for  f u r t h e r   i nc rease   in  speed  

of  the  pa i r ,   as  caused  by  the  dr ive  of  the  c y l i n d e r s .   In  any  e v e n t ,  

because  the  downstream  t e n s i o n   from  the  c y l i n d e r s   would  drop  to  zero ,   i t  

is  extremely  un l ike ly   tha t   the  c y l i n d e r s   could  drive  any  twis ted   p a i r  

through  the  reducing  s t a t i o n   at  a  speed   equal  to  the  draw  speed  of  t h e  

s t r a n d i n g   machine.  C e r t a i n l y ,   the  t w i s t e d   pa i r s   cou ld .no t   be  drawn 

through  the  reducing  s t a t i o n   at  speeds  exceeding  the  draw  speed  of  t h e  

s t r a n d i n g   machine .  

As  shown  by  the  F i g u r e s ,   the  t ens ion   reducing  means  a r e  

a r ranged  in  p a i r s ,   i . e .   two  for  a d j a c e n t   uni ts   12.  These  two  pa i r s   a r e  

mounted  t o g e t h e r   one  on  each  side  of  a  v e r t i c a l   framework  70,  which  i s  

loca ted   at  the  downstream  end  of  the  un i t s   12.  Also  mounted  on  t h e  

framework  are  two  guide  c y l i n d e r s   72,  one  to  each  tens ion  reducing  means.  

These  guide  c y l i n d e r s   are  f r e e l y   r o t a t a b l y   mounted  so  as  not  to  a f f e c t  



unduly  the  t e n s i o n s   in  the  twis ted   pa i r s   and  l ie   in  p o s i t i o n s   below  t h e  

c y l i n d e r s   62.  Each  of  the  guide  c y l i n d e r s   72  is  provided  with  t w e n t y - f i v e  

guide  grooves  74  for  accept ing   and  ma in t a in ing   apart  the  t w e n t y - f i v e  

t w i s t e d   pa i r s   of  conduc to r s .   From  i ts   c y l i n d e r   72,  each  group  o f  

t w e n t y - f i v e   t w i s t e d   pa i rs   of  conductors   moves  forwardly  into  t h e  

s t r a n d i n g   machine  by  passing  round  s u i t a b l e   guide  r o l l e r s   (not  shown)  f o r  

forming  i n d i v i d u a l   paths  for  the  tw i s t ed   pa i rs   and  for  ensur ing   t ha t   t h e i r  

paths  converge  at  the  s t r and ing   head  16  for  forming  a  core  unit  75 .  

In  use  of  the  a p p a r a t u s ,   each  of  the  t w i s t i n g   machines  i s  

loaded  with  two  ree ls   26  of  i n d i v i d u a l l y   i n s u l a t e d   conductors   as  shown  in  

Figure  5.  Upon  s t a r t - u p   of  the  a p p a r a t u s ,   the  reel  17  is  opera ted   by  t h e  

motor  16.  Each  of  the  motors  46  and  64  is  driven  at  a  speed  c o n t r o l l e d   by 

the  l ine   speed  such  that   the  pe r iphe ra l   speeds  of  each  of  the  d r i v e n  

c y l i n d e r s   60  and  62  and  each  of  the  u n r e s t r a i n e d   t u b u l a r   members  54  is  in  

excess  of  the  draw  speed  of  the  tw i s t ed   pa i r s   into  the  s t r a n d i n g   machine 

as  d i s c u s s e d   above.  Each  of  the  tw i s t ed   pa i rs   32  of  conductors   e x t e n d s  

outwardly   from  i ts   i nd iv idua l   machine  and  along  i ts   own  feedpa th   which 

takes   it  ac ross   and  in  contact   with  each  of  the  t ubu la r   members  54  which 

l i e   in  i t s   path  as  it  moves  towards  the  s t r a n d i n g   machine.  Each  of  t h e  

conduc to r s   a lso  passes  around  the  c y l i n d e r   62,  the  cy l i nde r   60  and  t h e n  

around  i t s   guide  c y l i n d e r   72  as  shown  in  Figure  6.  

During  the  t w i s t i n g   of  the  ind iv idua l   tw i s t ed   p a i r s ,   t h e r e  

is  t e n s i o n   in  each  of  the  conductors   c r ea t ed   by  the  pull  of  the  s t r a n d i n g  

machine.  This  t ens ion   var ies   from  one  pair   to  another   and  is  at  l e a s t  

pa r t ly   governed,   in  each  case,  by  r e s i s t a n c e   to  r o t a t i o n   of  each  reel  26 

and  f l ye r   and  the  r e s i s t a n c e   o f fe red   by  each  guiding  pul ley   or  o t h e r  

su r f ace   with  which  a  pair  comes  into  c o n t a c t .   Tension  in  each  t w i s t e d  



pair   also  depends  upon  i ts   d i s t a n c e   from  the  s t r and ing   machine.  If  t h e s e  

t ens ion   d i f f e r e n c e s   were  s t i l l   p r e sen t   when  the  twis ted   pairs   reached  t h e  

s t r a n d i n g   machine,  they  would  c r e a t e   d i f f e r i n g   tens ion   c o n d i t i o n s   in  t h e  

cable  core  which,  u n d e s i r a b l y ,   would  lead  to  v a r i a t i o n s   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   and  the  f in i shed   core  unit   would  be  con to r t ed   along  i t s  

l eng th ,   which  would  render  it  d i f f i c u l t   or  imposs ible   to  f u r t h e r   p r o c e s s  

the  cable .   The  t en s ion   e q u a l i z i n g   means  overcomes  th is   problem  as  will  be 

d e s c r i b e d .   In  a d d i t i o n ,   the  amounts  of  t ens ion   present   in  each  t w i s t e d  

pai r   produced  during  t w i s t i n g   by  t h i s   high  speed  appara tus   o p e r a t i n g   a t  

around  600  f t .   per  minute  of  core  p roduc t ion   may  be  around  3  lbs .   Without  

the  t ens ion   reducing  e f f e c t   of  the  t e n s i o n   reducing  means,  the  a c c u m u l a t e d  

t e n s i o n s   of  up  to  one  hundred  pa i r s   would  be  excess ive   and  a  c o n v e n t i o n a l  

s t r a n d i n g   machine  would  be  i ncapab le   of  drawing  in  th is   number  of  p a i r s  

with  such  a  t e n s i l e   r e s i s t i v e   load.  The  t ens ion   equa l i z ing   and  r e d u c i n g  

means  operate   as  f o l l o w s .  

As  the  twis ted   pa i r s   pass  across   and  are  supported  by  t h e  

t u b u l a r   members  54,  they  t ravel   at  d i f f e r e n t   speeds  dependent  upon  t h e i r  

p o s i t i o n s   and  path  lengths   in  the  cable  core  being  formed  by  the  s t r a n d i n g  

machine.  There  is  a  tendency  for  the  t u b u l a r   members  to  urge  the  t w i s t e d  

pairs   in  the  forward  d i r e c t i o n   because  of  the  f a s t e r   driven  p e r i p h e r a l  

speed  of  the  members.  However,  with  regard  to  each  t u b u l a r   member  54 ,  

because  of  the  s l i p p i n g   dr iving  engagement  between  the  t ubu la r   members  and 

t h e i r   shaf ts   36,  the  upstream  t e n s i o n s   in  the  twis ted   pa i rs   and  the  e f f e c t  

of  t h e i r   r e l a t i v e   speeds  combine  to  slow  down  the  speed  of  r o t a t i o n   of  t h e  

t ubu l a r   member  to  a  speed  which  is  i n f l u e n c e d   by  these  t ens ions   and 

r e l a t i v e   speeds  of  the  pa i r s .   At  t h i s   speed  of  the  members,  the  t e n s i o n s  

in  the  pairs   are  changed  from  the  upstream  to  the  downstream  side  of  each 



member  with  a  g rea t e r   r educ t ion   in  tens ion   in  the  more  highly  t e n s i o n e d  

pa i r s   than  in  less  t ens ioned   ones.  There  is  an  i n f l u e n c e ,   t h e r e f o r e ,  

towards  e q u a l i z i n g   the  t ens ions   in  the  pairs   moving  across  each  t u b u l a r  

member  and  th is   e q u a l i z i n g   e f f e c t   i nc reases   as  the  pai rs   move  towards  t h e  

f ina l   member  54.  At  each  t u b u l a r   member  a f t e r   the  f u r t h e s t   upstream  in  

any  bank  12  of  t w i s t i n g   machines,   a  twis ted   pair  of  conductors   is  b r o u g h t  

d i r e c t l y   from  the  ad jacen t   t w i s t i n g   machine  and  over  the  member  by  g u i d e  

p u l l e y s   such  as  pu l leys   35  (Figure  5).  The  t ens ion   in  th i s   twis ted   p a i r ,  

which  at  th i s   stage  may  be  r e l a t i v e l y   high,  is  immediately  a f f e c t e d   and 

reduced  by  the  t e n s i o n s   in  the  other  pairs   c ross ing   the  t u b u l a r   member  by 

the  r o t a t i o n a l   speed  of  the  member. 

For  each  bank  12,  the  pairs   of  conductors   with  t h e i r  

r e l a t i v e   t e n s i o n s   s u b s t a n t i a l l y   c lose r   than  t h e i r   upstream  t e n s i o n s ,   t h e n  

approach  and  go  through  t he i r   t ens ion   reducing  means.  As  the  t w i s t e d  

pa i r s   pass  round  the  c y l i n d e r s   60,  62  and  72  in  the  manner  shown  and 

proceed  through  the  guides  (not  shown)  to  the  s t r and ing   machine,  the  pu l l  

by  the  s t r a n d i n g   machine  i nc r ea se s   the  f r i c t i o n a l   con tac t   of  the  t w i s t e d  

pa i r s   aga ins t   the  su r faces   of  the  cy l inde r s   60  and  62.  Although  t h e s e  

c y l i n d e r s   are  r o t a t i n g   at  a  pe r iphe ra l   speed  which  is  g r e a t e r   than  t h e  

th roughpu t   speed  of  the  tw i s t ed   pa i rs   into  the  s t r and ing   machine,  t h e i r  

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

t w i s t i n g   machines  at  the  pe r iphe ra l   speeds  of  the  c y l i n d e r s .   The  r e a s o n  

for  t h i s   is  expla ined   above.  Rather ,   the  degree  of  drive  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   grip  upon  them  by  the  pa i rs   which 

i n c r e a s e s   and  decreases   in  p ropo r t i on   to  the  downstream  t e n s i o n   c rea ted   by 

the  draw  of  the  s t r a n d i n g   machine.  Hence,  as  a l ready  e x p l a i n e d ,   the  p u l l  

by  the  c y l i n d e r s   upon  each  pair   i nc reases   i ts   speed  until   it  a p p r o a c h e s  



t ha t   of  the  draw  speed  of  tha t   pair   into  the  s t randing   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   grip  of  the  pair  upon  the  c y l i n d e r s  

to  remove  the  d r i v ing   fo rce .   Any  s l i g h t   i nc rease   in  the  downs t ream 

t e n s i o n   from  the  c y l i n d e r s   will  improve  t h e i r   dr iving  engagement  with  t h e  

pair   t he reby   reducing  the  t e n s i o n   again .   It  follows  that   the  t e n s i o n   i n  

any  t w i s t e d   pair  upstream  of  the  c y l i n d e r s   (e .g .   up  to  3  l b s . ) - i s   r educed  

on  the  downstream  side  to  an  a c c e p t a b l e   level  (e.g.  about  0.5  l b s . )   f o r  

drawing  into  the  s t r a n d i n g   machine.   It  is  s t r e s s e d   at  t h i s   point   tha t   t h e  

d r i v i n g   force  app l ied   to  each  tw i s t ed   pair   is  dependent  upon  t h e  

downstream  t ens ion   in  tha t   pa i r .   Hence,  the  cy l inde r s   60  and  62  d r i v e  

each  t w i s t e d   pair   at  any  moment  at  i t s   own  ind iv idua l   speed  i r r e s p e c t i v e  

of  the  speed  of  any  of  the  other   p a i r s .   The  speeds  of  the  pa i r s   must,  o f  

cou r se ,   d i f f e r   from  one  another   because  of  the  d i f f e r e n t   path  l eng ths   t h e y  

will   occupy  in  the  core  un i t .   The  ope ra t ion   of  cy l inder s   60  and  62  t h u s  

c o n v e n i e n t l y   allows  for  t h i s .   On  the  other   hand,  a  convent iona l   machine  

caps tan   which  i t s e l f   draws  t w i s t e d   pa i r s   through  a  machine  would  be 

u s e l e s s   for  the  purpose .   Capstan  con t ro l   would  ensure  tha t   e x a c t l y   equal  

l eng ths   of  t w i s t e d   pa i r s   would  be  fed  into  the  s t r and ing   machine  per  u n i t  

of  t ime.   As  the  core  unit   needs  d i f f e r e n t   lengths   of  tw i s t ed   pa i r s   p e r  

uni t   length   of  core  un i t ,   some  pa i r s   would  be  a t  g r e a t e r   t e n s i o n s   t h a n  

o t h e r s ,   thus  r e s u l t i n g   in  all  the  d i s a d v a n t a g e s   which  the  p r e s e n t  

i n v e n t i o n   avo ids .   Thus,  a  conven t iona l   capstan  would  be  i ncapab le   o f  

s o l v i n g   the  p rob lem.  

In  the  above  a p p a r a t u s ,   the  t ens ion   equa l i z ing   means  and  t h e  

t ens ion   reducing  means  opera te   c o n v e n i e n t l y   t o g e t h e r .   The  f i n i s h e d   c o r e  

uni t   is  f ree  of  any  c o n t o r t e d   shape  thus  showing  that   i n t e r n a l   t e n s i o n  

d i f f e r e n c e s   are  minor  and  n e g l i g i b l e .   Also,  e l e c t r i c a l   p r o p e r t i e s   do  not  



d i f f e r   s i g n i f i c a n t l y   along  the  f in i shed   cable  and,  in  p a r t i c u l a r ,   mutua l  

c a p a c i t a n c e   v a r i a t i o n s   are  extremely  s l i g h t   and  are  well  w i t h i n  

commercia l ly   a c c e p t a b l e   l i m i t s .  



1.  Apparatus  for  making  a  core  unit  from  tw i s t ed   un i t s   o f  

i n d i v i d u a l l y   i n s u l a t e d   conductors   c h a r a c t e r i z e d   in  tha t   it  c o m p r i s e s : -  

a  p l u r a l i t y   of  t w i s t i n g   machines  (10)  each  for  c a r r y i n g   a 

p l u r a l i t y   of  ree ls   (26)  of  i n s u l a t e d   conductor   (30)  and  f o r  

t w i s t i n g   the  conductors   t o g e t h e r   to  form a  t w i s t e d   u n i t  

(32);  a  core  unit  forming  and  take-up   means  (13)  in  t andem 

with  the  t w i s t i n g   machines  (10)  to  draw  the  t w i s t e d  

conductor   uni ts   t o g e t h e r   to  form  a  core  u n i t ;  

the  forming  and  take-up  means  (13)  comprising  drawing  means 

(15,  16)  to  draw  tw i s t ed   uni ts   into  and  through  the  f o r m i n g  

and  t ake-up   means;  and 

between  the  t w i s t i n g   machines  and  the  forming  and  t a k e - u p  

means,  there   is  provided  a  t ens ion   reducing  means  (60,  62 ,  

64,  66)  compris ing  r o t a t a b l e   members  (60,  62)  d i sposed   a long  

the  feedpaths   of  the  tw i s t ed   un i t s ,   and  drive  means  (64,  66) 

c o n t r o l l e d   to  dr ive  the  r o t a t a b l e   members,  said  dr ive  means 

having  a  drive  speed  dependent  upon  the  drive  speed  of  t h e  

drawing  means  to  ensure  t ha 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  the  r o t a t a b l e   members  is  in  excess  of  the  draw 

speed  of  the  twis ted   uni ts   into  the  forming  and  t a k e - u p  

means,  l eng ths   of  p e r i p h e r a l   su r faces   of  the  r o t a t a b l e  

members  p resented   to  the  f eedpa ths   being  i n s u f f i c i e n t   t o  

impart  a  driven  speed  to  the  tw i s t ed   uni ts   above  tha t   of  t h e  

draw  speed  into  the  forming  and  take-up  means .  



2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e   c o r e   u n i t  

f o r m i n g   and  t a k e - u p   means   (13)   i s   a  s t r a n d i n g   m a c h i n e .  

3.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   2  w h e r e i n   t h e   d r i v e  

means   ( 6 4 , 6 6 )   d r i v e s   t h e   r o t a t a b l e   m e m b e r s   ( 6 0 , 6 2 )   t o  

g i v e   t hem  a  p e r i p h e r a l   s p e e d   of  up  to   5  p e r c e n t   in   e x c e s s  

of  t h e   d r aw  s p e e d   of  t h e   t w i s t e d   u n i t s   i n t o   t h e   s t r a n d i n g  

m a c h i n e .  

4.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e   t e n s i o n  

r e d u c i n g   m e a n s   ( 6 0 , 6 2 , 6 4 , 6 6 )   c o m p r i s e s   at   l e a s t   o n e  

d r i v a b l e   r o l l   or  c y l i n d e r   h a v i n g   an  a r c   of  c o n t a c t   w i t h  

t h e   f e e d p a t h s   of  t h e   t w i s t e d   u n i t s   (32)   to   i m p a r t   a  

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

t h e   t w i s t e d   u n i t s   (32)   d o w n s t r e a m   of  t h e   a t   l e a s t   o n e  

r o l l   or  c y l i n d e r .  

5.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   4  w h e r e i n   t h e   t e n s i o n  

r e d u c i n g   means   ( 6 0 , 6 2 , 6 4 , 6 6 )   c o m p r i s e s   two  d r i v a b l e   r o l l s  

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

6.  A p p a r a t u s   f o r   m a k i n g   a  c o r e   u n i t   f rom  t w i s t e d   u n i t s  

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

a  p l u r a l i t y   of  t w i s t i n g   m a c h i n e s   (10)   e a c h   f o r  

c a r r y i n g   a  p l u r a l i t y   of  r e e l s   (26)   of  i n s u l a t e d  

c o n d u c t o r   (30)   and  f o r   t w i s t i n g   t h e   c o n d u c t o r s  

t o g e t h e r   to   form  a  t w i s t e d   u n i t   ( 3 2 ) ;  

a  c o r e   u n i t   f o r m i n g   and  t a k e - u p   means   (13)   i n  

t a n d e m   w i t h   t h e   t w i s t i n g   m a c h i n e s   (10)   to   d r a w  

t h e   t w i s t e d   c o n d u c t o r   u n i t s   t o g e t h e r   to   f o r m  

a  c o r e   u n i t ;  



the  forming  and  t ake-up   means  compris ing  drawing means  ( 1 5 ,  

16)  to  draw  t w i s t e d   un i t s   into  the  forming  and  t a k e - u p  

means;  and 

between  each  t w i s t i n g   machine  and  the  forming  and  t a k e - u p  

means  t h e r e   is  provided  a  tens ion  e q u a l i z i n g   means  (34)  

compr i s ing   a  r o t a t a b l e   means  (54,  36)  d i sposed   along  t h e  

f eedpa ths   of  the  t w i s t e d   un i t s ,   and  dr ive  means  (42,  44,  46 ,  

48,  50,  52)  c o n t r o l l e d   to  drive  the  r o t a t a b l e   member,  s a i d  

dr ive  means  having  a  dr ive  speed  dependent  upon  the  d r i v e  

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

p e r i p h e r a l   speed  of  the  r o t a t a b l e   member  is  in  excess  of  t h e  

draw  speed  of  the  t w i s t e d   units   into  the  forming  and  t a k e - u p  

means,  l e n g t h s   of  the  pe r iphe ra l   su r face   of  the  r o t a t a b l e  

member  p r e s e n t e d   to  the  feedpaths   being  i n s u f f i c i e n t   t o  

impart  a  dr iven  speed  to  the  tw i s t ed   un i t s   above  tha t   of  t h e  

draw  speed  into  the  forming  and  take-up  means .  

7.  A p p a r a t u s - a c c o r d i n g   to  claim  6  c h a r a c t e r i z e d   in  tha t   t h e  

e q u a l i z i n g   means  comprises   a  s e r i e s   of  r o t a t a b l e   means  d isposed   along  t h e  

feedpa ths   of  the  tw i s t ed   p a i r s .  

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

t h e r e i s   one  r o t a t a b l e   means  a s s o c i a t e d   with  each  t w i s t i n g   m a c h i n e .  

9.  Apparatus   accord ing   to  claim  8  c h a r a c t e r i z e d   in  t h a t  

each  r o t a t a b l e   means  comprises   a  d r i v a b l e   shaft   (36)  surrounded  by  a 

t u b u l a r   member  (54),  which  is  in  s l i p p i n g   dr iv ing   engagement  with  t h e  

d r i v a b l e   s h a f t .  



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

t u b u l a r   member  (54)  is  c a r r i ed   by  bear ings   (56)  upon  the  d r ivab le   s h a f t  

( 3 6 ) .  

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

t w i s t i n g   machines  are  disposed  in  at  l eas t   one  s t r a i g h t   l ine  unit  ( 1 2 ) ,  

f e e d p a t h s   extend  from  each  machine  upwardly  from  the  machine  and  along  t h e  

s t r a i g h t   l ine  of  the  un i t ,   and  a  p l u r a l i t y   of  t e n s i o n   e q u a l i z i n g   means  a r e  

d i sposed   in  s e r i e s   along  the  s t r a i g h t   l ine  unit  to  support   the  t w i s t e d  

pa i r s   upon  the  r o t a t a b l e   means.  

12.  Apparatus  according   to  claim  9  c h a r a c t e r i z e d   in  t h a t  

the  t w i s t i n g   machines  are  d isposed  in  at  l e a s t   two  s t r a i g h t   l ine  u n i t s  

(12)  of  machines,   the  s t r a i g h t   l ine  uni ts   lying  back- to -back   and  each 

having  i ts   ind iv idua l   t ens ion   e q u a l i z i n g   means  and  t ens ion   r e d u c i n g  

means .  

13.  A  method  of  forming  a  core  unit  of  twis ted   i n s u l a t e d  

conduc tor   uni ts   c h a r a c t e r i z e d   in  tha t   it  c o m p r i s e s : -  

t w i s t i n g   i n s u l a t e d   conductors   t o g e t h e r   into  a  p l u r a l i t y   o f  

tw i s t ed   i n s u l a t e d   conductor   uni ts   with  each  unit  having  a 

s i ng l e   d i r e c t i o n   of  twis t   along  i t s   l e n g t h ;  

drawing  the  twis ted   uni ts   as  they  are  being  formed  through  a 

core  unit  forming  and  take-up  means  to  form  the  core  u n i t ;  

and 

as  the  tw i s t ed   uni ts   approach  the  forming  and  take-up  means ,  

reducing  the  t ens ion   in  all  of  the  uni ts   by  con tac t ing   them 

with  a  pe r iphe ra l   sur face   of  at  l e a s t   one  r o t a t i n g   member 



disposed   in  a  t en s ion   reducing  s t a t i o n   and  dr iven  at  a 

p e r i p h e r a l   speed  in  excess  of  the  draw  speed  into  t h e  

forming  and  take-up  means,  while  the  draw  speed  a p p l i e s  

t e n s i o n   to  the  uni ts   as  they  leave  the  t ens ion   r e d u c i n g  

s t a t i o n ,   p e r i p h e r a l   s u r f a c e   con tac t   with  each  unit   in  t h e  

t e n s i o n   reducing  s t a t i o n   s u f f i c i e n t   only  to  i nc rease   t h e  

speed  of  the  un i t s   t owards ,   but  not  beyond,  tha t   of  the  draw 

s p e e d .  

14.  A  method  of  forming  a  core  unit  of  t w i s t e d   i n s u l a t e d  

c o n d u c t o r   uni ts   c h a r a c t e r i z e d   in  t ha t   it  c o m p r i s e s : -  

t w i s t i n g   i n s u l a t e d   conduc to r s   t o g e t h e r   into  a  p l u r a l i t y   of  

t w i s t e d   i n s u l a t e d   conduc tor   uni ts   with  each  unit  having  a 

s i n g l e   d i r e c t i o n   of  t w i s t   along  i ts   l e n g t h ;  

drawing  the  tw i s t ed   un i t s   as  they  are  being  formed  through  a 

core  unit  forming  and  t ake -up   means  to  form  the  core  u n i t ;  

and,  as  the  t w i s t e d   un i t s   approach  the  forming  and  t a k e - u p  

means,  reducing  d i f f e r e n c e s   in  t ens ion   between  the  uni ts   by 

c o n t a c t i n g   them  with  the  p e r i p h e r a l   su r f ace   of  a  r o t a t i n g  

member  t o  r e d u c e   i t s   p e r i p h e r a l   speed  to  a  speed  i n f l u e n c e d  

by  a  combinat ion  of  t e n s i o n s   in  all   of  the  uni ts   upstream  of  

the  r o t a t a b l e   member. 

15.  A  method  according   to  claim  14  c h a r a c t e r i z e d   in  tha t   t o  

reduce  d i f f e r e n c e s   in  t e n s i o n ,   the  t w i s t e d   uni ts   are  passed  s i d e - b y - s i d e  

a c r o s s   and  in  con tac t   with  the  p e r i p h e r a l   su r f ace   of  a  r o t a t a b l e   member 

which  is  in  s l i p p i n g   d r i v ing   engagement  with  a  d r i v a b l e   shaf t   and  t h e  

p e r i p h e r a l   su r f ace   speed  of  the  r o t a t a b l e   member  is  reduced  to  a  speed 



d i c t a t e d   by  the  slower  speed  of  the  twis ted   uni ts   and  by  the  combined 

t e n s i o n s   in  the  tw i s t ed   units   to  reduce  the  d i f f e r e n c e s   in  t e n s i o n  

downstream  of  the  r o t a t a b l e   member. 
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