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(54)  Planetary  'SZ'  twist  accumulator. 

An  accumulator  for  twisting  or  stranding  cable  having 
planet  gears  (20)  revolving  around  a  sun  gear  (22).  Each 
planet  gear  carries  an  accumulator  roll  (17)  in  a  position 
spaced  from  the  planet  gear  axis  so  that  during  rotation  of 
the  gears  each  accumulator  roll  travels  alternately  towards 
and  away  from  the  axis  of  the  sun  gear.  The  accumulator 
rolls  move  in  synchronism  and  thus  the  accumulator  capac- 
ity  which  is  dictated  by  the  distance  between  accumulator 
rolls,  changes  between  maximum  and  minimum  capacities 
dependent  upon  the  accumulator  roll  movement.  With  two 
accumulators  in  series  and  operating  with  the  accumulator 
rolls  of  one  accumulator  out  of  phase  with  the  other  by  180°, 
an  'SZ'  twist  is  provided. 



This  i n v e n t i o n   r e l a t e s   to  the  t w i s t i n g   o r  s t r a n d i n g   o f  

l e n g t h s   of  f i l a m e n t a r y   m a t e r i a l .  

In  the  c o n v e n t i o n a l   methods  of  t w i s t i n g   or  s t r a n d i n g   o f  

f i l a m e n t a r y   l e n g t h s   of  m a t e r i a l ,   at  l e a s t   one  a c c u m u l a t o r   of  m a t e r i a l ,  

or  two  a c c u m u l a t o r s   in  s e r i e s   are  used.   C o n v e n t i o n a l   a c c u m u l a t o r s   each  

compr i se   two  a c c u m u l a t o r   r o l l s   which  are  d i sposed   r a d i a l l y   s p a c e d - a p a r t  

a long  the  feed  path  of  the  m a t e r i a l   and  with  t h e i r   r o t a t i o n a l   axes  

p a r a l l e l   so  t h a t   t h e i r   a x e s . , e x t e n d   normal  to  the  feed  p a t h s .   A  l e n g t h  

of  m a t e r i a l   to  be  s t r a n d e d   or  t w i s t e d   is  fed  onto  the  a c c u m u l a t o r   by 

p a s s i n g   the  m a t e r i a l   p a r t l y   a round  each  rol l   and  from  ro l l   to  r o l l .  

The  maximum  l e n g t h   of  f i l a m e n t a r y   m a t e r i a l   which  may  be  accommodated  

upon  an  a c c u m u l a t o r   ( i . e .   maximum  accumula to r   c a p a c i t y )   is  d e p e n d e n t  

upon  the  ro l l   d i a m e t e r s ,   the  d i s t a n c e   apar t   of  the  r o l l s ,   and  t h e  

number  of  passes   of  m a t e r i a l   between  r o l l s   which,  of  c o u r s e ,   i s  

dependent   upon  the  axia l   l e n g t h   of  the  r o l l s .  

A  c o n v e n t i o n a l   a c c u m u l a t o r   is  caused  to  r o t a t e   about  t h e  

feed  path  of  the  m a t e r i a l ,   i . e .   about   a  plane  normal  to  the  a x i a l  

d i r e c t i o n   of  the  r o l l s ,   to  p r o v i d e   a  tw i s t   in  the  m a t e r i a l   as  i t   e n t e r s  

an  a c c u m u l a t o r .   When  a  s i n g l e   accumula tor .   is  u sed ;   the  r e s u l t a n t  

t w i s t ,   i . e .   t h a t   in  the  m a t e r i a l   a f t e r   i t   has  l e f t   the  a c c u m u l a t o r ,  

is  a  f u n c t i o n   of  the  m a t e r i a l   speed  of  the  whole  a c c u m u l a t o r   about  t h e  

f e e d p a t h ,   and  the  en t ry   and  e x i t   speed  of  the  m a t e r i a l   i n to   and  f rom 

the  a c c u m u l a t o r .  

I t   is  sometimes  d e s i r a b l e   to  produce  what  is  commonly 

c a l l e d   an  'SZ'  t w i s t   in  l e n g t h s   of  m a t e r i a l .   This  i n v o l v e s   t h e  

i n t r o d u c t i o n   of  t w i s t   in  one  (or   ' S ' )   d i r e c t i o n   for   a  c e r t a i n   d i s t a n c e ,  

and  then  in  the  o ther   (or  ' Z ' )   d i r e c t i o n .   The  d i s t a n c e   along  each  



d i r e c t i o n   of  t w i s t   b e f o r e   chang ing   to  the  o p p o s i t e   d i r e c t i o n ,   wi l l   be 

r e f e r r e d   t o  i n   t h i s   s p e c i f i c a t i o n   as  the  " lay   l e n g t h " .   The  SZ  t w i s t  i s  

found  to  have  p a r t i c u l a r   e l e c t r i c a l   a d v a n t a g e s   in  t w i s t e d   or  s t r a n d e d  

e l e c t r i c a l   cable   or  t e l e c o m m u n i c a t i o n s   c a b l e .   It   is  well  known  in  t h e  

cab le   ar t   as  is  e x e m p l i f i e d   in  a  paper  "SZ  T w i s t i n g   and  S t r a n d i n g   o f  

Communicat ions  Cables   Using  R o t a t i n g   A c c u m u l a t o r s   With  P e r i o d i c a l l y  

Changing  C a p a c i t y "   by  D.  V o g e l s b e r g   as  p u b l i s h e d   in  P r o c e e d i n g s   of  2 0 t h  

I n t e r n a t i o n a l   Wire  and  Cab le   Symposium.  

I t   is  a d v a n t a g e o u s   to  min imize   the  number  of  t w i s t  

change-ove r   p o s i t i o n s   from  one  t w i s t   d i r e c t i o n   to  ano ther   and  for   t h i s  

r ea son ,   i t   is  d e s i r a b l e   to  have  each  lay  l e n g t h   as  long  as  i s  

p r a c t i c a b l e .   A  p rob lem  e x i s t s ,   however,   in  t h a t   the  lay  l e n g t h   i s  

dependent   d i r e c t l y   upon  the  a c c u m u l a t o r   c a p a c i t y   and  th i s   is  r e s t r i c t e d  

because  of  the  des ign   and  load  r e s t r i c t i o n s   on  the  a c c u m u l a t o r .   A l s o  

the  t h roughpu t   speed  of  m a t e r i a l   is  r e s t r i c t e d   for  s i m i l a r   r e a s o n s .   I t  

is  found  t ha t   with  the  m a t e r i a l   moving  in  one  d i r e c t i o n   from  ro l l   t o  

ro l l   and  being  s i m u l t a n e o u s l y   r o t a t e d   about   the  r o t a t i o n a l   axis   of  t h e  

accumula to r ,   the  c e n t r i f u g a l   force   t ends   to  cause  the  m a t e r i a l   to  l o s e  

g r i p p i n g   c o n t a c t   with  the  r o l l s   in  an  a c c u m u l a t o r   a r r angement   where  t h e  

r o l l s   move  towards  each  o t h e r   to  reduce  the  a c u m u l a t o r   c a p a c i t y .   T h i s  

p l ace s   a  maximum  speed  r e q u i r e m e n t   both  on  the  r o t a t i o n a l   speed  of  t h e  

r o l l s   and  upon  the  r o t a t i o n a l   speed  of  the  a c c u m u l a t o r   and  a l so   upon  

the  maximum  d i s t a n c e   be tween  r o l l s .   In  a d d i t i o n ,   with  the  i n d i v i d u a l  

r o l l s   on  one  hand  and  the  a c c u m u l a t o r   on  the  o the r   hand  r o t a t i n g   a b o u t  

axes  normal  to  each  o t h e r ,   the  axia l   l e n g t h   of  each  roll   is  l i m i t e d  

because  of  a  g y r o s c o p i c   e f f e c t   and  thus  the  number  of  passes   o f  

m a t e r i a l   between  the  r o l l s   is  l i m i t e d .   Hence,   a  s u b s t a n t i a l   r e s t r a i n t  



is  p laced   upon  the  amount  of  m a t e r i a l   upon  an  a c c u m u l a t o r .   I n  

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

a c c u m u l a t o r   d i f f i c u l t   to  con t ro l   and  s u b s t a n t i a l   s t r a i n   is  p laced   upon 

the  b e a r i n g s .   F u r t h e r   to  t h i s ,   one  of  the  r o l l s   is  movable  i n  

r e c i p r o c a t i n g   f a s h i o n   towards  and  away  from  the  o t h e r   r o l l   to  change  

a c c u m u l a t o r   c a p a c i t y .   To  overcome  the  i n e r t i a   of  the  heavy  moving  

pa r t s   d u r i n g   change   in  d i r e c t i o n   of  the  r e c i p r o c a t i n g   r o l l ,  

c o r r e s p o n d i n g   r o b u s t  m o v i n g  m e a n s   is  r e q u i r e d .  

S i m i l a r   d i s a d v a n t a g e s   apply  to  the  use  of  two  in  s e r i e s  

a c c u m u l a t o r s .   In  t h i s   c o n s t r u c t i o n ,   the  a c c u m u l a t o r s   r o t a t e   i n  

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

m a t e r i a l   c a p a c i t y   by  movement  of  the  r o l l s   away  a n d  t o w a r d s   each  o t h e r .  

A c c o r d i n g l y ,   the  i n v e n t i o n   p r o v i d e s   an  a c c u m u l a t o r   for  a 

t w i s t i n g   or  s t r a n d i n g   a p p a r a t u s   c o m p r i s i n g   at  l e a s t   two  a c c u m u l a t o r  

r o l l s   which  are   in  r a d i a l   a l i g n m e n t ,   r a d i a l l y   spaced  a p a r t ,   and 

r o t a t a b l e   abou t   s u b s t a n t i a l l y   p a r a l l e l   i n d i v i d u a l   axes  whi le   both  a r e  

r o t a t a b l e   t o g e t h e r   about  a  common  a c c u m u l a t o r   axis   which  i s  

s u b s t a n t i a l l y   p a r a l l e l   to  the  i n d i v i d u a l   axes  with  at  l e a s t   one  of  t h e  

r o l l s   being  movable   around  an  a c c u m u l a t o r   c a p a c i t y   change  axis   s p a c e d  

from  and  p a r a l l e l   to  the  i n d i v i d u a l   axes,   towards   and  away  from  t h e  

other   ro l l   to  d e c r e a s e   and  i n c r e a s e   the  c a p a c i t y   of  the  a c c u m u l a t o r ,  

and  means  to  d r i v e   the  r o l l s   about  the  common  axis   to  t w i s t   or  s t r a n d  

said  l e n g t h s   and  s i m u l t a n e o u s l y   to  r o t a t a b l y   move  the  at  l e a s t   one  r o l l  

towards  and  away  from  the  o ther   r o l l .  

In  i t s   s i m p l e s t   form,  the  i n v e n t i o n   e n v i s a g e s   the  use  o f  

two  a c c u m u l a t o r   r o l l s   with  one  or  both  r o l l s   being  movable  around  s a i d  

capac i t y   change   a x i s .   In  a  case  p a r t i c u l a r l y   where  one  only  of  t h e  



r o l l s   is  movable  around  the  c a p a c i t y   change  ax i s ,   t h i s   axis   may  be 

c o i n c i d e n t   with  the  common  a x i s .  

It  is  d e s i r a b l e ,   however ,   in  a  p r e f e r r e d   a r r a n g e m e n t   t o  

have  th ree   or  more  a c c u m u l a t o r   r o l l s   for  the  purpose   of  o b t a i n i n g   a 

l a r g e   d i f f e r e n t i a l   between  maximum  and  minimum  c a p a c i t i e s   of  t h e  

a c c u m u l a t o r .   P a r t i c u l a r l y   when  t h r e e   or  more  r o l l s   are  used,   all   t h e  

r o l l s   are  p r e f e r a b l y   movable   in  s y n c h r o n i s m   towards   and  away  from  t h e  

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

between  minimum  and  maximum  c a p a c i t i e s .   C o n v e n i e n t l y ,   to  e f f e c t   t h i s  

movement,  the  r o l l s   are  spaced   a p a r t   around  the  common  a c c u m u l a t o r   a x i s  

and  are  movable  in  un i son   a round   i n d i v i d u a l   c a p a c i t y   change  a x e s  

between  c l o se ly   spaced  p o s i t i o n s   near   to  the  a c c u m u l a t o r   axis   ( i . e .   f o r  

minimum  c a p a c i t y ) ,   and  w i d e l y   spaced   p o s i t i o n s   f u r t h e r   from  t h e  

accumula to r   ax is .   Such  movement  is  r a d i a l   with  r e s p e c t   to  t h e  

accumula to r   axis .   Hence,  wi th   the  r o l l s   r o t a t i n g   about  the  c a p a c i t y  

change  axis ,   movement  of  the  r o l l s   outwards  of  the  a c c u m u l a t o r   axis  t o  

i n c r e a s e   the  a c c u m u l a t o r   c a p a c i t y   and  movement  inwards  of  t h a t   axis  t o  

d e c r e a s e   the  c a p a c i t y   occur   wi th   ro l l   r o t a t i o n   in  the  same  d i r e c t i o n  

around  the  c a p a c i t y   change  a x i s .   Thus,  the  need  to  change  d i r e c t i o n   o f  

movement  of  a  r o l l ,   such  as  wi th   the  r e c i p r o c a t i n g   movement  in  a 

c o n v e n t i o n a l   a c c u m u l a t o r ,   is  a v o i d e d   t o g e t h e r   with  the  need  of  r o b u s t l y  

des igned   par ts   to  overcome  the  i n e r t i a   of  moving  p a r t s   and  to  i m p a r t  

such  change  in  movement .  

Also  because   the  axes  are  all  p a r a l l e l   and  hence  all  t h e  

r o l l s   r o t a t e   only  in  one  p lane   of  movement,  then  the  g y r o s c o p i c   e f f e c t  

of  conven t iona l   a c c u m u l a t o r s   is  a v o i d e d .  



In  p r e f e r r e d   c o n s t r u c t i o n s   i n v o l v i n g   the  use  of  t h r ee   o r  

more  r o l l s ,   the  means  to  d r i v e   the  r o l l s   c o m p r i s e s   a  sun  gear  and 

p l a n e t   gears  d r i v a b l y   c o n n e c t e d   to  the  sun  gear ,   with  the  r o l l s   b e i n g  

mounted  one  upon  each  of  the  p l a n e t   gea r s .   R o t a t i o n   of  the  p l a n e t  

gears   at  a  d e s i r e d   r e l a t i v e   speed  to  the  r o t a t i o n a l   speed  of  the  sun 

gear  moves  the  r o l l s   i n t o   and  out  of  maximum  and  minimum  c a p a c i t y  

p o s i t i o n s   of  the  a c c u m u l a t o r   at  a  r e q u i r e d   r a te   while   the  a c t u a l  

r o t a t i o n a l   speed  of  the  sun  gear   c o n t r o l s   the  amount  of  t w i s t   given  t o  

f i l a m e n t a r y   m a t e r i a l   as  i t   moves  onto  the  a c c u m u l a t o r   and  thus  e f f e c t s  

the  f ina l   t w i s t .  

To  p r o v i d e   t w i s t   to  l e n g t h s   of  f i l a m e n t a r y   m a t e r i a l ,   t h e  

accumula to r   when  f o rming   p a r t   of  a  t w i s t i n g   or  s t r a n d i n g   a p p a r a t u s   i s  

d i sposed   with  the  common  a c c u m u l a t o r   axis  d i s p o s e d   e x t e n d i n g   g e n e r a l l y  

in  the  feed  d i r e c t i o n   of  the   f i l a m e n t a r y   m a t e r i a l .  

Embodiments  of  the  i n v e n t i o n   wil l   now  be  d e s c r i b e d ,   by 

way  of  example,  with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h : -  

F igure   1  is  a  s i de   e l e v a t i o n a l   view  of  a  t w i s t i n g   o r  

s t r a n d i n g   a p p a r a t u s ;  

F igu re   2  is  a  view  in  the  d i r e c t i o n   of  arrow  II  in  F i g u r e  

1  showing  d e t a i l s   of  an  a c c u m u l a t o r   with  i t s   a c c u m u l a t i n g   c a p a c i t y   at  a 

maximum; 

F i g u r e s   3  and  4  are  views  s i m i l a r   to  F igu re   2  of  t h e  

accumula to r   at  t imes  of  d i f f e r e n t   a ccumula to r   c a p a c i t i e s ;   and 

F igure   5  is  a  view  s i m i l a r   to  F i g u r e   1  of  a  s e c o n d  

embodiment .  

In  a  f i r s t   embodiment ,   shown  g e n e r a l l y   in  F igure   1,  a 

t w i s t i n g   or  s t r a n d i n g   a p p a r a t u s   for   l eng ths   of  f i l a m e n t a r y   m a t e r i a l  



compr ises   a  n i p p l e   10  and  a c c u m u l a t o r   12  downstream  from  the  n i p p l e .  

The  n ipp le   is  of  c o n v e n t i o n a l   des ign   and  is  used  to  group  t o g e t h e r   a l l  

of  the  d i f f e r e n t   l e n g t h s   14  of  f i l a m e n t a r y   which  i t   is  r e q u i r e d   t o  

t w i s t   t o g e t h e r .   As  will   be  d e s c r i b e d ,   the  a c c u m u l a t o r   is  a  c h a n g i n g  

c a p a c i t y   a c c u m u l a t o r   for  the  purpose   of  p r o v i d i n g   "SZ"  t w i s t   in  t h e  

grouped  l e n g t h s   16  of  m a t e r i a l   whi le   the  i npu t   speed  of  the  l e n g t h s  

onto  the  a c c u m u l a t o r   is  c o n t r o l l a b l y   v a r i e d   and  the  o u t p u t   speed  i s  

c o n s t a n t .   The  method  of  va ry ing   or  m a i n t a i n i n g   c o n s t a n t   the   input   and 

o u t p u t   speeds  of  m a t e r i a l   fed  t h rough   the  a p p a r a t u s   is  c o n v e n t i o n a l   and 

wil l   be  d i s c u s s e d   no  f u r t h e r .  

The  a p p a r a t u s   of  t h i s   embodiment  d i f f e r s   f r o m  

c o n v e n t i o n a l   a p p a r a t u s   in  the  c o n s t r u c t i o n   of  a c c u m u l a t o r   1 2 .  

As  shown  by  F i g u r e s   1  and  2,  a c c u m u l a t o r   12  c o m p r i s e s  

t h r e e   a c c u m u l a t o r   r o l l s   17,  each  r o t a t a b l y   mounted  upon  i t s   i n d i v i d u a l  

axis   at  one  end  of  an  arm  18.  The  t h ree   arms  18  are  s e c u r e d   by  t h e i r  

o t h e r   ends  to  t h r e e   p l a n e t   gears  20,  one  to  each  p l a n e t   gea r .   Each  arm 

is  n o n - r o t a t a b l e   r e l a t i v e   to  i t s   p l a n e t   gear  and  e x t e n d s   r a d i a l l y   of  

the  p l a n e t   gear   to  l o c a t e   i t s   ro l l   17  out  beyond  the  p e r i p h e r y   of  t h e  

g e a r .  

The  t h ree   p l a n e t   gears   form  p a r t   of  a  means  to  dr ive   t h e  

r o l l s   about  a  common  a c c u m u l a t o r   axis   and  s i m u l t a n e o u s l y   to  r o t a t a b l y  

move  the  r o l l s   towards   and  away  from  each  o the r   as  wi l l   be  d e s c r i b e d .  

This  means  a l so   i n c l u d e s   a  sun  gear  22  around  which  the  p l a n e t   g e a r s  

are  equa l ly   spaced   a p a r t   and  in  d r i v i n g   engagement   wi th   the  sun  g e a r ,  

the  p l a n e t   gea rs   being  r e t a i n e d   in  t h e i r   r e l a t i v e   p o s i t i o n s   by  a 

t r i l a t e r a l   p l a n e t a r y   c a r r i e r   24  at  the  t h r e e   c o r n e r s   of  which  the  g e a r s  

22  are  f r e e l y   r o t a t a b l y   m o u n t e d .  



The  p l a n e t a r y   c a r r i e r   24  is  r o t a t a b l e   at  any  d e s i r e d  

speed  about  an  a x i s ,   c o i n c i d e n t   with  the  sun  gear  a x i s ,   i . e :   about  a 

common  a c c u m u l a t o r   axis   by  means  of  a  hollow  d r i v i n g   s h a f t   26,  to  which  

the  c a r r i e r   is  c o a x i a l l y   s e c u r e d .   The  s h a f t   26  is  mounted  w i t h i n  

b e a r i n g s   28  w i t h i n   a  frame  30  of  the  a p p a r a t u s .   The  sun  gear  22  i s  

i n d e p e n d e n t l y   r o t a t a b l e   upon  a  s e p a r a t e   hollow  s h a f t   32  c o n c e n t r i c a l l y  

mounted  wi th in   the  s h a f t   26  by  means  of  b e a r i n g s   34.  The  two  s h a f t s  

are  d r iven ,   r e s p e c t i v e l y ,   by  means  of  d r i v i n g   p u l l e y   whee ls   36,  38  and 

an  a s s o c i a t e d   d r i v i n g   mechanism  (not   shown)  by  which  the  r e l a t i v e  

r o t a t i o n a l   speeds  of  the  sun  and  p l a n e t   gears  may  be  v a r i e d   as  d e s i r e d .  

In  use,   the  a c c u m u l a t o r   is  d i sposed   with  the  common 

a c c u m u l a t o r   axis   e x t e n d i n g   a l ong   and  the  i n d i v i d u a l   r o l l   axes  e x t e n d i n g  

p a r a l l e l   to  the  genera l   f eed   d i r e c t i o n   of  the  grouped  l e n g t h s   16  o f  

m a t e r i a l   pa s s ing   th rough  the  a p p a r a t u s .   The  l e n g t h s   16  are  fed  f rom 

the  n ipp l e ,   and  along  the  a c c u m u l a t o r   axis   through  the  s h a f t   32.  Upon 

r e a c h i n g   the  end  of  s h a f t   32,  the  l e n g t h s   extend  around  an  end  40  o f  

the  s h a f t ,   which  is  s u i t a b l y   rounded   and  su r f ace   t r e a t e d   to  m i n i m i z e  

wear  upon  the  m a t e r i a l   b y  f r i c t i o n ,   and  r a d i a l l y   o u t w a r d l y   to  the  r o l l s  

17.  Each  rol l   is  formed  w i th   a  p l u r a l i t y   of  spaced  a n n u l a r   grooves  42 

and  the  l eng ths   16  of  m a t e r i a l   pass  from  one  ro l l   to  a n o t h e r   in  t u r n s  

around  the  a c c u m u l a t o r ,   the  a d j a c e n t   t u rn s   being  s e p a r a t e d   by  t h e i r  

being  con t a ined   and  gu ided   w i t h i n   a d j a c e n t   grooves  42  as  shown  by 

F i g u r e   1.  From  the  a c c u m u l a t o r ,   the  l eng ths   16  are  fed  around  a  f r e e l y  

r o t a t a b l e   guide  wheel  44  b e f o r e   p r o c e e d i n g ,   as  t w i s t e d   m a t e r i a l ,   to  a 

subsequen t   m a n u f a c t u r i n g   p r o c e s s   (no t   d e s c r i b e d ) .   The  wheel  44  i s  

s u i t a b l y   secured  to,  or  r e l a t i v e   to ,   the  p l a n e t a r y   c a r r i e r   24  to  e n s u r e  

i t   is  permanent ly   o r i e n t e d   in  a  f i x e d   p o s i t i o n   r e l a t i v e   to  the  f i n a l  



ro l l   17  ( i . e .   the  lower  rol l   in  F i g u r e   1)  around  which  the  l e n g t h s   16 

tu rn   b e f o r e   p r o c e e d i n g   to  wheel  4 4 .  

With  the  c a p a c i t y   of  the  a c c u m u l a t o r   c h a n g i n g ,   as  w i l l  

now  be  d e s c r i b e d ,   the  ingoing  speed  of  the  l e n g t h s   16  t h r o u g h   shaf t   26 

is  s u i t a b l y   v a r i e d   (in  known  manner)  to  p r o v i d e   "SZ"  t w i s t   in  t h e  

l e n g t h s   l e a v i n g   the  accumula to r   at  c o n s t a n t   v e l o c i t y   a round   the  wheel  44.  

Accumula to r   change  in  c a p a c i t y   is  e f f e c t e d   by  moving  t h e  

r o l l s   17  from  i n n e r m o s t   (F igure   4) ,   or  c l o s e l y   spaced   p o s i t i o n s   i n  

which  the  r o l l s   a x i a l l y   over lap   the  sun  gear  and  l i e   c l o s e   to  i t s   a x i s ,  

to  o u t e r m o s t   or  wide ly   spaced  p o s i t i o n s   ( F i g u r e   2) .   The  change  in  

c a p a c i t y   from  the  minimum  to  the  maximum  as  shown  by  t h o s e   f i g u r e s ,   i s  

r e f l e c t e d   by  the  d i f f e r e n c e   in  the  d i s t a n c e s   between  the  r o l l s   i n  

F i g u r e s   2  and  4.  Thus  each  ha l f   r e v o l u t i o n   of  the  p l a n e t   gears   22 

t u r n s   the  arms  18  from  the  i n n e r m o s t   p o s i t i o n s   of  F i g u r e   4  to  t h e  

o u t e r m o s t   p o s i t i o n   of  Figure  2  by  r o t a t i o n   around  the  axes  of  t h e  

p l a n e t   gears   20,  these   axes  thus  p r o v i d i n g   the  f u n c t i o n   of  a c c u m u l a t o r  

c a p a c i t y   change  axes .   A  f u r t h e r   ha l f   r e v o l u t i o n   of  the  p l a n e t   g e a r ,  

c o n t i n u i n g   in  the  same  d i r e c t i o n ,   r e t u r n s   the  arms  to  t h e i r   i n n e r m o s t  

p o s i t i o n s .  

Because   of  the  use  of  a  p l a n e t a r y   gear   a r r a n g e m e n t ,   t h e  

d i f f e r e n c e   in  speeds   of  r o t a t i o n   of  the  p l a n e t a r y   c a r r i e r   24  and  of  t h e  

sun  gear  may  be  small  while  p r o v i d i n g   for   a  p r a c t i c a l l y   s i g n i f i c a n t  

number  of  c y c l e s   between  maximum  and  minimum  a c c u m u l a t o r   c a p a c i t i e s   p e r  

m i n u t e .   For  i n s t a n c e ,   with  the  sun  gear   r o t a t i n g   c l o c k w i s e   at  2000 

r . p . m .   and  the  p l a n e t a r y   c a r r i e r   r o t a t i n g   c l o c k w i s e   at  2005  r . p . m . ,   t h e  

p l a n e t   gea rs   are   dr iven  c lockwise   by  the  sun  gear  at  5  r . p . m .   in  a  c a s e  



where  the  sun  gear   has  the  same  number  of  t e e t h   as  each  p l a n e t   g e a r ,  

thereby   g iv ing   5  comp le t e   c y c l e s   per  m i n u t e s .   F igu re   3  r e p r e s e n t s   a 

p o s i t i o n   of  the  r o l l s   17  as  they  move  t owards   t h e i r   o u t e r   p o s i t i o n s .  

With  each  c y c l e   r e p r e s e n t i n g   a  c o m p l e t e   lay  l eng th   in  the  "S"  d i r e c t i o n  

and  another   in  the  "Z"  d i r e c t i o n ,   then  t h i s   gives  10  lay  l e n g t h s   o f  

m a t e r i a l   per  m i n u t e .   The  above  is  mere ly   by  way  of  example  and  c l e a r l y  

the  number  of  lay  l e n g t h s   is  e a s i l y   a l t e r a b l e   by  merely   chang ing   t h e  

r e l a t i v e   speed  of  sun  gea r   and  p l a n e t a r y   c a r r i e r .  

Of  i m p o r t a n c e   in  the  above  c o n s t r u c t i o n   is  the  f a c t   t h a t  

all  par ts   are  r o t a t i n g   about  the  same  or  p a r a l l e l   axes  and  a  g y r o s c o p i c  

e f f e c t   is  a v o i d e d .   Al though   t h e r e   is  a  c e n t r i f u g a l   e f f e c t   t e n d i n g   t o  

l i f t   the  l e n g t h s   of  m a t e r i a l   p a s s i n g   between  r o l l s   16,  t h i s   e f f e c t   i s  

s u b s t a n t i a l l y   r e d u c e d   compared  wi th   the  combined  c e n t r i f u g a l   and 

gyroscopic   e f f e c t s   in  c o n v e n t i o n a l   a c c u m u l a t o r s .   Hence,  the  d i s t a n c e s  

between  r o l l s   16  in  t h e i r   ou t e r   p o s i t i o n s   in  F igure   2  may  be  g r e a t e r  

than  is  p r a c t i c a b l e   between  r o l l s   in  c o n v e n t i o n a l   a c c u m u l a t o r s   b e f o r e  

the  f i l a m e n t a r y   m a t e r i a l   l o s e s   i t s   f r i c t i o n a l   grip  upon  the  r o l l s .  

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

r e s t r i c t i o n s   upon  the  i n e r t i a l   masses  thus  f u r t h e r   l i m i t i n g   d i s t a n c e  

between  r o l l s   and  t h e i r   ax ia l   l e n g t h .   Both  of  these   f a c t o r s   w h i l e  

r e s t r i c t i n g   maximum  c a p a c i t y   of  the  a c c u m u l a t o r s   are  not  f a c t o r s   which  

need  to  be  c o n s i d e r e d   when  d e s i g n i n g   a c c u m u l a t o r s   a c c o r d i n g   to  t h e  

above  embodiment.   I t   f o l l ows   t h a t   an  a c c u m u l a t o r   as  d e s c r i b e d   in  t h i s  

embodiment  may  have  a  g r e a t e r   c a p a c i t y   change  than  has  been  p o s s i b l e  

p r e v i o u s l y .   Hence,   g r e a t e r   lays   are  p o s s i b l e .   Also  the  a c c u m u l a t o r  

par ts   and  f ramework  need  be  l e s s   bulky  than  is  normal ly   r e q u i r e d   t o  

accommodate  the  l oads   in  c o n v e n t i o n a l   a c c u m u l a t o r s ,   e s p e c i a l l y   when 



gyroscop ic   e f f e c t s   and  the  load  e f f e c t s   of  r e v e r s i n g   d i r e c t i o n   o f  

r e c i p r o c a t i n g   r o l l s   in  c a p a c i t y   change  a c c u m u l a t o r s   is  taken  i n t o  

accoun t .   Reve r sa l   in  d i r e c t i o n ,   both   r o t a r y   and  r e c i p r o c a t o r y   i s  

avoided  in  a c c u m u l a t o r s   a c c o r d i n g   to  the  i n v e n t i o n   and  as  d e s c r i b e d   i n  

the  f i r s t   embodiment .   Al though  the  a c u m u l a t o r   of  the  f i r s t   embod imen t  

changes  a c c u m u l a t o r   c a p a c i t y   to  p r o v i d e   'S '   and  'Z'  t w i s t s ,   t h e  

c a p a c i t y   change  is  e f f e c t e d   by  p l a n e t a r y   g e a r s   r o t a t i n g   c o n s t a n t l y   i n  

the  same  d i r e c t i o n   and  at  c o n s t a n t   s p e e d .  

In  a  second  embodiment  shown  in  F igu re   5,  a  t w i s t i n g   o r  

s t r a n d i n g   a p p a r a t u s   has  two  i n - t a n d e m   a c c u m u l a t o r s   12  each  of  the  same 

des ign  as  the  a c c u m u l a t o r   in  the  f i r s t   e m b o d i m e n t .  

In  the  second  embodiment ,   the  downstream  a c c u m u l a t o r   i s  

r e v e r s e d   in  p o s i t i o n   a long  the  f e e d p a t h   and  is  s e p a r a t e d   from  t h e  

ups t ream  a c c u m u l a t o r   by  t h e  u s e   of  the  gu ide   wheel  44  and  a n o t h e r  

guidewheel  46  to  guide  the  l e n g t h s   16  of  m a t e r i a l   onto  the  r o l l s   17  o f  

the  downstream  a c c u m u l a t o r .   This  a p p a r a t u s ,   which  has  s i m i l a r  

adavan tages   to  those   d i s c u s s e d   for  the  f i r s t   embodiment,   c o n t r o l s   t h e  

'SZ'  twis t   lay  o p e r a t i o n   by  r e d u c i n g   the  c a p a c i t y   of  each  a c c u m u l a t o r  

as  the  other   i n c r e a s e s   t o g e t h e r   with  a  r e q u i r e d   v e l o c i t y   change  of  t h e  

m a t e r i a l   as  i t   moves  a long  the  f e e d p a t h   be tween  the  a c c u m u l a t o r s .  

F igure   4  shows  the  ups t r eam  a c c u m u l a t o r   in  i t s   maximum  c a p a c i t y  

p o s i t i o n   and  the  downstream  a c c u m u l a t o r   in  i t s   minimum  c a p a c i t y  

p o s i t i o n .   Both  a c c u m u l a t o r s   r o t a t e ,   i . e .   the  sun  and  p l a n e t   g e a r s ,  

around  the  common  a x i s   at  a  c o n s t a n t   s p e e d .  

In  the  second  embodiment  the  i n l e t   and  o u t l e t   speeds   o f  

the  lengths   of  m a t e r i a l   are  c o n s t a n t   as  is  normal  in  c o n v e n t i o n a l  

appa ra tus   employing  c o n v e n t i o n a l   a c c u m u l a t o r s   in  t andem.  



I t   is  i m p o r t a n t   to  note  t h a t   an  a c c u m u l a t o r   a c c o r d i n g   t o  

the  i nven t ion   and  as  d e s c r i b e d   above  does  not  change  i t s   c a p a c i t y  

l i n e a r l y   between  minimum  and  maximum  c a p a c i t i e s .   This  is  b e c a u s e   t h e  

r o l l s   17  r o t a t e   a round   the  c e n t r e s   of  p l a n e t   gears   20  and  do  n o t  

p rogress   l i n e a r l y   t owards   and  away  from  the  c e n t r e   of  sun  gear   2 2 .  

This  r e s u l t s   in  a  change  in  ra te   of  charge   a n d  d i s c h a r g e   of  e a c h  

accumula to r .   However,   as  two  a c c u m u l a t o r s   are  used  in  tandem  and  1 8 0  

out  of  phase,  then   each  e x a c t l y   compensa tes   for  any  change  in  r a t e   o f  

the  other   to  t h e r e b y   p roduce   a  c o n s t a n t   i ngo ing   and  o u t g o i n g   speed .   I t  

should  be  borne  in  mind,  however,   t h a t   in  view  of  the  a b o v e  

c h a r a c t e r i s t i c s   of  the  s i n g l e   a c c u m u l a t o r ,   i t   cannot   be  used  in  t a n d e m  

with  a  c o n v e n t i o n a l   a c c u m u l a t o r   which  changes  i t s   c a p a c i t y   in  l i n e a r  

f a s h i o n .  



1.  An  a c c u m u l a t o r   for  a  t w i s t i n g   or  s t r a n d i n g  

a p p a r a t u s   for  l eng ths   of  f i l a m e n t a r y   ma te r i a l   c h a r a c t e r i z e d   i n  

t ha t   i t   has  at  l e a s t   two  a c c u m u l a t o r   r o l l s   (17)  which  are  i n  

r a d i a l   a l ignment ,   r a d i a l l y   spaced  apar t   and  r o t a t a b l e   a b o u t  

s u b s t a n t i a l l y   p a r a l l e l   i n d i v i d u a l   axes  while  both  are  r o t a t a b l e  

t o g e t h e r   about  a  common  a c c u m u l a t o r   axis  which  is  s u b s t a n t i a l l y  

p a r a l l e l   to  the  i n d i v i d u a l   axes  with  at  l e a s t   one  of  the  r o l l s  

being  movable  around  an  a c c u m u l a t o r   c apac i t y   change  axis  spaced  

from  and  p a r a l l e l   to  the  i n d i v i d u a l   axes,  towards  and  away  from 

the  o the r   ro l l   to  d e c r e a s e   and  i n c r e a s e   the  c a p a c i t y   of  t h e  

a c c u m u l a t o r ,   and  means  (20,  22,  24,  26,  32,  36,  38)  to  d r i v e  

the  r o l l s   about  the  common  axis   to  twis t   or  s t r and   said  l e n g t h s  

and  s i m u l t a n e o u s l y   to  r o t a t a b l y   move  the  at  l e a s t   one  r o l l  

towards  and  away  from  the  o t h e r   r o l l .  

2.  A  t w i s t i n g   or  s t r a n d i n g   a p p a r a t u s   for  l e n g t h s  

of  f i l a m e n t a r y   m a t e r i a l   c h a r a c t e r i z e d   by  at  l e a s t   one  a c c u m u l a t o r  

acco rd ing   to  claim  1,  sa id   a c c u m u l a t o r   being  d i sposed   across   a 

f e e d p a t h   for  l engths   of  f i l a m e n t a r y   ma te r i a l   to  be  t w i s t e d   o r  

s t r a n d e d   with  all  of  said  axes  p a r a l l e l   to  the  genera l   d i r e c t i o n  

of  the  f e e d p a t h .  

3.  Appara tus   accord ing   to  claim  2,  c h a r a c t e r i z e d  

in  tha t   the re   are  at  l e a s t   t h r e e   accumula tor   r o l l s   and  all   o f  

the  r o l l s   are  movable  in  synchron i sm  towards  and  away  from  t h e  

o the r   r o l l s   to  dec rease   and  i n c r e a s e   the  c a p a c i t y   of  the  a c c u m u l a t o r .  



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

in  tha t   the  r o l l s   are  spaced  a p a r t   around  the  common  a c c u m u l a t o r  

axis  and  are  movable  around  i n d i v i d u a l   capac i ty   change  a x e s  

between  c l o s e l y   spaced  p o s i t i o n s   near  to  the  common  a c c u m u l a t o r  

axis  and  widely  spaced  p o s i t i o n s   f u r t h e r   from  the  a c c u m u l a t o r  

a x i s .  

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

in  tha t   the  means  to  drive  the  r o l l s   about  the  common  a c c u m u l a t o r  

axis  compr ises   a  sun  gear  (22)  and  p l a n e t   g e a r s  ( 2 0 )   d r i v a b l y  

connected  to  the  sun  gear,   d r i v i n g   means  (32,  38)  for  the  sun 

gear  and  d r i v i n g   means  (26,  36,  24)  for  r o t a t i n g   the  p l a n e t   g e a r s  

around  the  sun  gear ,   the  a c c u m u l a t o r   r o l l s   secured  one  upon  e a c h  

of  the  p l a n e t   gears  to  r o t a t e   around  t h e i r   i nd iv idua l   c a p a c i t y  

change  axes  which  are  c o i n c i d e n t   with  the  axes  of  r o t a t i o n   o f  

the  p l ane t   g e a r s .  

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

in  tha t   each  accumula tor   rol l   is  secured   to  i ts  a s s o c i a t e d  

p lanet   gear  by  being  mounted  upon  an  arm  (18)  which  is  i t s e l f  

secured  to  the  p lane t   gear  to  l o c a t e   the  roll   r a d i a l l y   o u t w a r d l y  

beyond  the  p e r i p h e r y   of  the  p l a n e t   gear ,   the  r o l l s   a x i a l l y  

ove r l app ing   the  sun  gear  in  t h e i r   c l o s e l y   spaced  p o s i t i o n s   and 

lying  r a d i a l l y   ou t s ide   the  sun  and  p l ane t   gears  in  t h e i r   w i d e l y  

spaced  p o s i t i o n s .  



7.  Appara tus   accord ing   to  claim  5,  c h a r a c t e r i z e d  

in  that   the  d r i v i n g   means  for  the  sun  gear  and  for  the  p l a n e t  

gears  comprise  two  c o n c e n t r i c   drive  s h a f t s   (26,  32)  d r i v a b l y  

connected  one  to  the  sun  gear  and  the  o the r   to  the  p lane t   g e a r s .  

8.  Appara tus   accord ing   to  claim  5,  c h a r a c t e r i z e d  

by  two  accumula to r s   in  s e r i e s   along  the  f e e d p a t h ,   movement  o f  

the  ro l l s   of  the  a c c u m u l a t o r s   being  s y n c h r o n i z e d   so  t h a t   as  t h e  

capaci ty   of  each  a c c u m u l a t o r   i n c r e a s e s ,   the  c a p a c i t y   of  t h e  

other  accumula tor   d e c r e a s e s .  
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