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©  Line  feeding  device. 

  A  line  feeding  device  for  feeding  a  flexible  line  (10) 
comprises  an  assembly  (13)  of  five  or  more  drive  rollers  (19) 
so  disposed  in  spaced  relation  to  each  other  as  to  present  to 
the  line  (10)  a  drive  path  for  the  line  (10)  in  which  the  line  (10) 
is  drivingly  engaged  by  and  advanced  through  a  predeter- 
mined  angle  of  wrap  around  the  assembly  (13)  by  contact  in 
turn  with  an  arcuate  surface  of  each  drive  roller  (19)  over  an 
angle  of  contact  which  is  less  than  the  predetermined  angle 
of  wrap  and  in  which  the  line  (10)  so  extends  between  each 
drive  roller  (19)  and  the  next  adjacent  drive  roller  (19)  as  to  be 
relieved  from  bending  stresses  imposed  on  the  line  (10)  by 
contact  with  the  arcuate  surfaces  of  the  rollers  (19). 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  l i n e   f e e d i n g   d e v i c e  

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

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

i s   a d v a n c e d   by  c o n t a c t   w i t h   an  a r c u a t e   s u r f a c e   of  a  

d r i v e n   r o l l e r .  

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

h a u l i n g   in   r o p e s   f o r   a  w ide   v a r i e t y   of   p u r p o s e s ,   s o m e  

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

c o n s i d e r a b l e   l o a d i n g .   For   e x a m p l e   in   t h e   r e c o v e r y   o f  

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

m i l i t a r y   t a n k s ,   t h e   l o a d   i m p o s e d   on  t h e   w i n c h   c a l l s   f o r  

an  e x c e p t i o n a l l y   r o b u s t   s t r u c t u r e .   I t   ha s   b e e n   f o u n d  

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

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

l a y e r   on  t h e   drum  g i v e s   r i s e   to   u n a c c e p t a b l e   s t r e s s e s  

in   t h e   r o p e .   To  o v e r c o m e   t h i s   d i f f i c u l t y   i t   h a s  

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

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

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

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

f rom  w h i c h   i t   i s   fed   to   a  d r i v e n   s t o r a g e   drum  a t   a  

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

on  t h e   r o p e   t a k e n   up  by  t h e   c a p s t a n   r o l l e r s .   By 

a r r a n g i n g   f o r   t h e   c a p s t a n   r o l l e r s   to   t a k e   t h e   r o p e   p u l l  

t h e   s t o r a g e   drum  may  t h e n   be  made  l e s s   r o b u s t   a n d  

a r r a n g e d   to   a c c o m m o d a t e   a  l a r g e   n u m b e r   of  l a y e r s   o f  

r o p e .  

W h i l e   t h e   c a p s t a n   w i n c h   e n a b l e s   l o n g   r o p e s   to   b e  

a c c o m m o d a t e d   on  s t o r a g e   d rums   of   l i g h t w e i g h t  



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

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

c o n s t r u c t i o n   and   of   l a r g e   d i a m e t e r .   T h i s   m a k e s   t h e  

e q u i p m e n t   e x p e n s i v e .   They  f u r t h e r m o r e   b e c o m e   s u b j e c t  

t o   w e a r   and  r e p l a c e m e n t   of  t hem  i s   c o s t l y .  

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

u s u a l l y   o f   s t e e l ,   s u f f e r s   f a t i g u e   when  i t   i s   s u b j e c t e d  

to   b e n d i n g   s t r e s s e s   and  t h a t   t h i s   f a t i g u e   i n c r e a s e s  

w i t h   t h e   l e n g t h   of   t h e   p a t h   in   w h i c h   i t   i s   c o n t i n u o u s l y  

s u b j e c t e d   to   b e n d i n g .   C l e a r l y ,   w h i l e   c a p s t a n   r o l l e r s  

of   a d e q u a t e   d i a m e t e r s   n e e d   be  made  t o   a c c e p t   t h e   l a r g e  

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

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

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

l a r g e   d i a m e t e r s   can   be  a v o i d e d   w h i l s t   t h e   a d v a n t a g e s   o f  

t h e m   m a i n t a i n e d .  

I t   i s   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

r o p e   f a t i g u e   can   be  r e d u c e d .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

l i n e   f e e d i n g   d e v i c e   f o r   f e e d i n g   a  f l e x i b l e   l i n e   i n  

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

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

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

a s s e m b l y   of   f i v e   or  more  d r i v e   e l e m e n t s   so  d i s p o s e d   i n  

s p a c e d   r e l a t i o n   to   e a c h   o t h e r   as  t o   p r e s e n t   to   t h e   l i n e  

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

d r i v i n g l y   e n g a g e d   by  and  a d v a n c e d   t h r o u g h   a  

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



c o n t a c t   in   t u r n   w i t h   an  a r c u a t e   s u r f a c e   of   e a c h   d r i v e  

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

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

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

a d j a c e n t   d r i v e   e l e m e n t   as  to   be  r e l i e v e d   f rom  b e n d i n g  

s t r e s s e s   i m p o s e d   on  t h e   l i n e   by  c o n t a c t   w i t h   t h e  

a r c u a t e   s u r f a c e s   of   t h e   e l e m e n t s .  

In  one  e m b o d i m e n t   of   t h e   i n v e n t i o n   h e r e i n a f t e r   to   b e  

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

c e n t r e   p o i n t   of   t h e   a s s e m b l y   and  so  d r i v e n   as  t o  

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

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

of   t h e   r o l l e r s   r e m o t e   f rom  t h e   c e n t r e   p o i n t   of   t h e  

a s s e m b l y .  

In  a  f i r s t   e m b o d i m e n t   of   t h e   i n v e n t i o n   h e r e i n a f t e r   t o  

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

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

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

of   t h e   l i n e   w i t h   t h e   a r c u a t e   s u r f a c e   of   e a c h   r o l l e r   i s  

p r e f e r a b l y   made  much  l e s s   t h a n   180°  and  t h e   n u m b e r   o f  

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

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

r e l a t i v e   to   t h a t   w h i c h   w o u l d   be  i m p o s e d   on  t h e   l i n e  

f o l l o w i n g   an  e q u i v a l e n t   d r i v e   p a t h   in   w h i c h   t h e   l i n e   i s  

e n g a g e d   t h r o u g h o u t   by  a  c o n t i n u o u s   a r c u a t e   c o n t a c t  

s u r f a c e   of  a  s i n g l e   d r i v e n   r o l l e r .  

I t   ha s   b e e n   f o u n d   t h a t   w h e r e   a  r o p e   i s   d e v i a t e d   by  a  

v e r y ' s m a l l   r o l l e r   or   p u l l e y   i f   t h e   a n g l e   of   d e v i a t i o n  

i s   k e p t   low  t h e   b e n d i n g   s t r e s s   and  f a t i g u e   in   t h e   r o p e  
is   n e g l i g i b l e .   T h u s ,   i f   t h e   r o p e   i s   made  to   p a s s  



t h r o u g h   a  f u l l   t u r n   by  p a s s i n g   i t   o v e r   a  l a r g e   n u m b e r  

of   s m a l l   r o l l e r s   or   p i n s   t h e n   t h e   b e n d i n g   s t r e s s   a n d  

f a t i g u e   can  be  m i n i m i s e d   and  made  e q u i v a l e n t   to   t h a t  

i m p o s e d   by  a  s i n g l e   r o l l e r   o r   c a p s t a n   of   a  d i a m e t e r  

much  g r e a t e r   t h a n   t h a t   of   any  of   t h e   r o l l e r s   or  p i n s .  

In  t h e   f i r s t   e m b o d i m e n t   o f   t h e   i n v e n t i o n   h e r e i n a f t e r   t o  

be  d e s c r i b e d ,   t h e   d r i v e   p a t h   i s   a r r a n g e d   to   make  a  

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

a r e   so  c o n s t r u c t e d   as  t o   p r o v i d e   a d j a c e n t   c o n t a c t  

s u r f a c e s   f o r   t h e   l i n e .   F u r t h e r m o r e ,   t h e   r o l l e r s   a r e  

a r r a n g e d   on  a x e s   e q u i d i s t a n t   f rom  t h e   c e n t r e   p o i n t   o f  

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

c e n t r e   p o i n t .  

In  t h e   f i r s t   e m b o d i m e n t   o f   t h e   i n v e n t i o n   h e r e i n a f t e r   t o  

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

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

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

a d j a c e n t   e ach   o t h e r   a l o n g   t h e   l e n g t h   of  t h e   r o l l e r   a n d  

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

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

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

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

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

In  t h e   f i r s t   e m b o d i m e n t   of   t h e   i n v e n t i o n ,   h e r e i n a f t e r  

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

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

d r i v e n .   They  may  h o w e v e r   be  a d j u s t a b l y   f i x e d   a g a i n s t  

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

a r r a n g e d   to   be  r o t a t a b l y   d r i v e n   a b o u t   t h e   c e n t r e   p o i n t  

of   t h e   a s s e m b l y .  



A c c o r d i n g l y ,   in   a  s e c o n d   e m b o d i m e n t   of   t h e   i n v e n t i o n ,  

t h e   e l e m e n t s   a r e   r o l l e r s   and  t h e   r o l l e r s   a r e   a s s e m b l e d  

as  two  s p a c e d   s u b - a s s e m b l i e s ,   t h e   r o l l e r s   of   e a c h  

s u b - a s s e m b l y   b e i n g   n o n - r o t a t a b l y   m o u n t e d   in   a  r o l l e r  

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

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

r o l l e r s   of  e a c h   s u b - a s s e m b l y   a r e   a r r a n g e d   on  a x e s  

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

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

o f   t h e   s u b - a s s e m b l y   and  t h e   r o l l e r   s u p p o r t   s t r u c t u r e s  

a r e   so  d r i v e n   as  to   p r e s e n t   a  d r i v e   p a t h   f o r   t h e   l i n e  

in  w h i c h   t h e   l i n e   i s   d r i v i n g l y   e n g a g e d   by  and  a d v a n c e d  

t h r o u g h   t h e   p r e d e t e r m i n e d   a n g l e   of   wrap   a r o u n d   t h e   t w o  

s u b - a s s e m b l i e s   by  c o n t a c t   in   t u r n   w i t h   t h e   o u t e r  

s u r f a c e s   of  t h e   r o l l e r s   of   t h e   two  s u b - a s s e m b l i e s .  

Two  e m b o d i m e n t s   of   t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s   in   w h i c h : -  

F i g .   1  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of   a  c a p s t a n  
w i n c h   e m p l o y i n g   a  l i n e   f e e d i n g   d e v i c e   a c c o r d i n g   to   a  

f i r s t   e m b o d i m e n t   of   t h e   i n v e n t i o n ,   w i t h   t h e   d r i v e   t o  

t h e   d e v i c e   o m i t t e d ;  

F i g .   2  i s   a  s c h e m a t i c   e l e v a t i o n   of  t h e   l i n e   f e e d i n g  

d e v i c e   i l l u s t r a t e d   in   F i g .   1,  d rawn   to   an  e n l a r g e d  

s c a l e   and  s h o w i n g   t h e   d r i v e   t h e r e t o ;  

F i g .   3  i s   a  c r o s s - s e c t i o n   t a k e n   on  t h e   l i n e   I I I - I I I   i n  

F i g . ' 2   of  p a r t   of   t h e   l i n e   f e e d i n g   d e v i c e   shown  in   F i g .  

2,  d r a w n   to  an  e n l a r g e d   s c a l e   and  s h o w i n g   one  of   t h e  

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



F i g .   4  i s   a  s c h e m a t i c   e l e v a t i o n   of  a  l i n e   f e e d i n g  

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

e m b o d i m e n t   of   t h e   i n v e n t i o n .  

R e f e r r i n g   f i r s t   to   F i g .   1,  t h e   d e v i c e   s h o w n ,   w h i c h   i s  

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

t e n s i o n ,   as  f o r   e x a m p l e   in   t h e   r e c o v e r y   of   d i s a b l e d  

v e h i c l e s ,   c o m p r i s e s   a  s t o r a g e   drum  1 1  o n   w h i c h   t h e   r o p e  
10  i s   s t o r e d ,   a  g u i d e   p u l l e y   a r r a n g e m e n t   12  f o r   g u i d i n g  

t h e   r o p e   10  in   i t s  p a s s a g e   to   and  f r o m   t h e   drum  11,  a  

c a p s t a n   r o l l e r   a s s e m b l y   13  a r o u n d   w h i c h   t h e   r o p e   p a s s e s  
in   a  p l u r a l i t y   of   t u r n s   and  g u i d e   p u l l e y s   14  and  15  

w h i c h   a c c e p t   t h e   r o p e   10  f o r   h a u l i n g   in   and  w h i c h   g u i d e  
' i t   to   t h e   r o l l e r   a s s e m b l y   1 3 .  

The  s t o r a g e   drum  11  and  t h e   r o l l e r s   on  t h e   r o l l e r  

a s s e m b l y   13  a r e   d r i v e n   f o r   w i n d i n g   on  of   t h e   r o p e   10  o n  

t h e   drum  11.  The  a s s e m b l y   13  a c c e p t s   t h e   r o p e   10  f r o m  

t h e   p u l l e y s   14  and  15  u n d e r   c o n s i d e r a b l e   l o a d   a n d  

a d v a n c e s   t h e   r o p e   10  v i a   t h e   g u i d e   p u l l e y   a r r a n g e m e n t  
12  to   t h e   s t o r a g e   drum  11  w h i c h   i s   d r i v e n   f o r   w i n d i n g  

on  t h e   r o p e   a t   low  t e n s i o n .   The  p u l l e y   a r r a n g e m e n t   12  

c o m p r i s e s   a  f r e e l y   r o t a t a b l e   p u l l e y   16  m o u n t e d   on  t h e  

u p p e r   end  of   a  p i v o t a l   arm  17  w h i c h   i s   f r e e l y   p i v o t a l  

a t   i t s   l o w e r   end  on  a  s h a f t   18,  t h e   a r r a n g e m e n t   b e i n g  

s u c h   t h a t   t h e   r o p e  1 0  w i n d s   i t s e l f   on  t h e   s t o r a g e   d r u m  

11,   w i t h   t h e   g u i d e   p u l l e y   f o l l o w i n g   t h e   l i n e   d e t e r m i n e d  

by  t h e   r o p e ,   t o   p r o d u c e   a  n a t u r a l   b u i l d   on  t h e   drum  11 

in   w h i c h   e a c h   s u c c e s s i v e   t u r n   of  t h e   r o p e   10  on  t h e  

drum  i s   l a i d   a d j a c e n t   t h e   p r e c e d i n g   t u r n   f i r s t   in   a  
t r a v e r s e   of   t h e   drum  in   one  d i r e c t i o n   t o   fo rm  a  f i r s t  

l a y e r   on  t h e   d rum  and  t h e n   in   a  t r a v e r s e   in   t h e  

o p p o s i t e   d i r e c t i o n   to   f o rm  a  s u p e r p o s e d   n e x t   l a y e r .  



R e f e r r i n g   now  to   F i g s .   2  and  3,  t h e   r o l l e r   a s s e m b l y   13  

c o m p r i s e s   a  p l u r a l i t y   of   g r o o v e d   r o l l e r s   19  m o u n t e d   f o r  

r o t a t i o n   on  s h a f t s   20  and  21  c a r r i e d   in  s t a t i o n a r y  

s u p p o r t   p l a t e s   22  and  23  w h i c h   t o g e t h e r   w i t h   o t h e r  

s u p p o r t   s t r u c t u r e   fo rm  a  r i g i d   s u p p o r t   f o r   t h e   r o l l e r s  

19.   A l t h o u g h   f o r   c o n v e n i e n c e   of   i l l u s t r a t i o n   t h e  

a s s e m b l y   13  i s   shown  w i t h   t w e l v e   r o l l e r s   19 ,   i n  

p r a c t i c e   a  l a r g e   n u m b e r   of   r o l l e r s   19  w i l l   be  p r o v i d e d  

in  t h e   a s s e m b l y   and  in   a  p r e f e r r e d   a r r a n g e m e n t   a  t o t a l  

of   s i x t y   a r e   p r o v i d e d   in  p l a c e   of  t h e   t w e l v e   s h o w n .  

Each   of   t h e   r o l l e r s   19  i s   p r o v i d e d   w i t h   a  p l u r a l i t y   o f  

g r o o v e s   24  in   w h i c h   t h e   r o p e   10  i s   g u i d e d   in   a  

p l u r a l i t y   of   t u r n s   r o u n d   t h e   a s s e m b l y   13.  As  w i l l   b e  

s e e n ,   f i v e  g r o o v e s   24  a r e   p r o v i d e d   in   t h e   r o l l e r   1 9  

i l l u s t r a t e d   in   F i g .   3  and  a r e   a r r a n g e d   on  t h e   r o l l e r   s o  

as  t o   l e a v e   a  s p a c e r   s e c t i o n   25  a t   one  end  o f   t h e  

r o l l e r .   The  n e x t   r o l l e r   19  in   t h e   a s s e m b l y   13  i s  

a r r a n g e d   w i t h   t h e   g r o o v e s   24  o f f s e t   in  r e l a t i o n   t o  

t h o s e   of   t h e   r o l l e r   19  i l l u s t r a t e d   in   F i g .   3  a n d  

s i m i l a r l y   t h e   g r o o v e s   of   e a c h   s u c c e s s i v e   r o l l e r   in   t h e  

a s s e m b l y   a r e   o f f s e t   in   r e l a t i o n   to   t h o s e   o f   t h e  

p r e c e d i n g   r o l l e r   so  t h a t   t h e   r o p e   10  i s   g u i d e d   by  t h e  

g r o o v e s   24  of   s u c c e s s i v e   r o l l e r s   19  i n t o   a  h e l i c a l  

d r i v e   p a t h   r o u n d   t h e   a s s e m b l y   1 3 .  

Each   of  t h e   r o l l e r s   19  shown  in  F i g s .   2  and  3  i s  

p r o v i d e d   w i t h   a  p i n i o n   26  and  a  g e a r   w h e e l   28.  T h e  

g e a r   w h e e l   28  i s   f i x e d l y   m o u n t e d   on  a  c e n t r e   s h a f t   27  

r o t a t a b l y   m o u n t e d   in  t h e   s u p p o r t   p l a t e s   22  and  23  a n d  

i s   a r r a n g e d   to   be  d r i v e n   by  a  d r i v e   m o t o r   ( n o t   s h o w n ) .  



The  c a p s t a n   w i n c h   i l l u s t r a t e d   in   F i g s .   1  to   3  of   t h e  

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

r e c o v e r y   of   d i s a b l e d   v e h i c l e s .   The  r o p e   10  i s   s t o r e d  

on  t h e   drum  11  and  in   a  r e c o v e r y   o p e r a t i o n   i s   p a i d   o u t  

by  r e v e r s i n g   t h e   d r i v e   t o   t h e   r o l l e r   a s s e m b l y   13  a n d  

a r r a n g i n g   f o r   t h e   s t o r a g e   drum  11  to   e x e r t   b a c k   t e n s i o n  

on  t h e   r o p e   10.   W h i l e   no  t e n s i o n   i s   a p p l i e d   to   t h e  

r o p e   10  t h e   r o l l e r   a s s e m b l y   13  r e m a i n s   i n e f f e c t i v e   t o  

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

to   t h e   f r e e   end  o f   t h e   r o p e   t o   be  p a i d   o u t   t h e   r o l l e r  

a s s e m b l y   13  t h e n   b e c o m e s   e f f e c t i v e   t o   d raw  t h e   r o p e  
f rom  t h e   s t o r a g e   drum  11.  In  t h i s   way ,   t h e   r o p e   10  i s  

p a i d   o u t   o n l y   when  r e q u i r e d   and  by  an  a m o u n t   w h i c h   c a n  

be  c o n t r o l l e d   s i m p l y   by  t h e   o p e r a t o r   i n c r e a s i n g   o r  

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

r o p e   10  i s   t h e n   h o o k e d   up  to   t h e   d i s a b l e d   v e h i c l e ,   t h e  

d r i v e   to   t h e   r o l l e r   a s s e m b l y   13  r e v e r s e d   and  t h e   d r i v e  

to   t h e   s t o r a g e   drum  11  e n g a g e d .  

As  w i l l   be  s e e n   f rom  F i g .   2,  t h e   r o p e   10  p a s s e s   in   a  

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

13  and  t h e n   p a s s e s   to   t h e   g u i d e   r o l l e r   16  and  to   t h e  

s t o r a g e   drum  11.  The  r o p e   10  i n   m a k i n g   a  c o m p l e t e   t u r n  

r o u n d   t h e   r o l l e r   a s s e m b l y   13  i s   d r i v i n g l y   e n g a g e d   b y  

e a c h   r o l l e r   19  in   t u r n .   I t   f o l l o w s   an  a r c u a t e   p a t h  

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

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

s u b j e c t e d   to   l i t t l e   or  no  b e n d i n g   s t r e s s e s .   At  e a c h  

r o l l e r   19,  t h e   r o p e   10  has   a  s m a l l   a n g l e   of  w r a p   e q u a l  

to   360°  d i v i d e d   by  t h e   n u m b e r   o f   r o l l e r s   19,  t h a t   i s   t o  

s a y , ' a n   a n g l e   of  wrap   of   6° .   The  b e n d i n g   s t r e s s e s   i n  

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

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



s m a l l .   The  r o p e   10  i s   n e v e r t h e l e s s   wound  on  to   t h e  

a s s e m b l y   13  on  a  l a r g e   d i a m e t e r   w h i c h   p r o v i d e s  

s u b s t a n t i a l l y   t h e   same  a d v a n t a g e s   as  t h o s e   o b t a i n e d  

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

The  a s s e m b l y   13  w h i l s t   m a i n t a i n i n g   t h e   a d v a n t a g e s   o f  

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

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

of   r o b u s t   c o n s t r u c t i o n .   As  i s   w e l l   known ,   c a p s t a n  

r o l l e r s   become  s u b j e c t   to   w e a r   and  t h e   r e p l a c e m e n t   a  

l a r g e   d i a m e t e r   r o l l e r   i s   c o s t l y .   W h i l e   t h e   s m a l l  

d i a m e t e r   r o l l e r s   19  a l s o   become   s u b j e c t   to   w e a r  

p r o v i s i o n   can  r e a d i l y   be  made  f o r   r e p l a c e m e n t   of  t h e m  

a t   low  c o s t .   In  t h e   a s s e m b l y   13  i l l u s t r a t e d   in   F i g .   2 ,  

i t   c o u l d   w e l l   be  f o u n d   t h a t   t h e   r o l l e r   19  w h i c h   i s  

f i r s t   to   r e c e i v e   t h e   r o p e   10  b e i n g   h a u l e d   in   b e c o m e s  

s u b j e c t e d   to  more  w e a r   t h a n   t h e   o t h e r   r o l l e r s .   In  t h i s  

e v e n t ,   i t s   r e p l a c e m e n t   can   be  c a r r i e d   o u t   as  a  m i n o r  

m a i n t e n a n c e   t a s k   a t   low  c o s t .  

In  t h e   e m b o d i m e n t   of   t h e   i n v e n t i o n   d e s c r i b e d   w i t h  

r e f e r e n c e   to  F i g s .   1  and  3,  t h e   r o l l e r s   19  a r e   a r r a n g e d  

to   be  d r i v e n   by  a  p i n i o n   26  e n g a g e d   by  a  g e a r   w h e e l  

m o u n t e d   on  t h e   c e n t r e   s h a f t   27.  I t   w i l l   h o w e v e r   b e  

a p p r e c i a t e d   t h a t   d r i v e   to   t h e   p i n i o n s   26  may  be  m a d e  

t h r o u g h   a  number   of  i n t e r m e d i a t e   i d l e r   g e a r s .  
F u r t h e r m o r e ,   f o r   some  a p p l i c a t i o n s   i t   may  be  f o u n d  

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

t h e   r o l l e r s   19  or  to   p r o v i d e   s e p a r a t e   d r i v e   m o t o r s   f o r  

s e p a r a t e   g r o u p s   of  r o l l e r s   or   o n l y   some  of   t h e   r o l l e r s .  

In  p a y i n g   ou t   t h e   r o p e   10  in   t h e   e m b o d i m e n t   of  t h e  

i n v e n t i o n   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1  to  3 ,  



t e n s i o n   i s   a p p l i e d   to   t h e   f r e e   end  of   t h e   r o p e   t o   b e  

p a i d   o u t   so  t h a t   t h e   r o l l e r   a s s e m b l y   13  b e c o m e s  

e f f e c t i v e   to   d r a w   t h e   r o p e   f rom  t h e   s t o r a g e   drum  1 1 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   r o p e   10  m a y  

a l t e r n a t i v e l y   s i m p l y   be  p r e s s e d   o n  t o   one  or   more   o f  

t h e   r o l l e r s   19  o f   t h e   a s s e m b l y   13  to   a l l o w   a  p o s i t i v e  

d r i v e   to   t h e   r o p e   e v e n   when  t h e r e   i s   no  t e n s i o n   on  t h e  

f r e e   end  of   t h e   r o p e .  

W h i l e   t h e   g r o o v e s   24  of   t h e   r o l l e r s   19  a r e   shown  a s  

b e i n g   of   s e m i - c i r c u l a r   c r o s s   s e c t i o n ,   i t   w i l l   b e  

a p p r e c i a t e d   t h a t   g r o o v e s   of   o t h e r   c r o s s   s e c t i o n s   may  b e  

u s e d .   For   e x a m p l e ,   f o r   some  p u r p o s e s   i t   may  be  f o u n d  

p r e f e r a b l e   t o   u s e   r o l l e r s   h a v i n g   g r o o v e s   of   V - s h a p e d  

fo rm.   In  t h e   f i r s t   e m b o d i m e n t   o f   t h e   i n v e n t i o n  

i l l u s t r a t e d   i n   F i g s .   1  to  3,  t h e   r o l l e r s   19  a r e  

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

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

i n v e n t i o n ,   as  i l l u s t r a t e d   in   F i g .   4,  t h e   r o l l e r s   19  a r e  

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

i t s e l f   a r r a n g e d   to   be  r o t a t a b l y   d r i v e n   so  as  t o   p r e s e n t  

to   t he   r o p e   10  a  s u c c e s s i o n   of   s p a c e d   a r c u a t e   s u r f a c e s .  

R e f e r r i n g   now  t o   F i g .   4,  t h e   r o l l e r   a s s e m b l y   s h o w n  

c o m p r i s e s   two  s u b - a s s e m b l i e s   29  and  30.  T h e  

s u b - a s s e m b l y   29  i n c l u d e s   r o l l e r s   191  f i x e d l y   m o u n t e d  

b e t w e e n   r o l l e r   s u p p o r t   p l a t e s   31  and  32  c a r r i e d   by  a  

d r i v e   s h a f t   33.   S i m i l a r l y ,   t h e   s u b - a s s e m b l y   3 0  

c o m p r i s e s   r o l l e r s   192  f i x e d l y   m o u n t e d   b e t w e e n   s u p p o r t  

p l a t e s   34  and  35  c a r r i e d   by  a  d r i v e   s h a f t   36.  T h e  

d r i v e   s h a f t s   33  and  36  c a r r y   g e a r s   37  and  38  e n g a g e d   b y  

a  d r i v e   c h a i n   39  d r i v e n   by  a  g e a r   40  m o u n t e d   on  t h e  

o u t p u t   s h a f t   41  of   a  d r i v e   m o t o r   4 2 .  



Each   of  t h e   r o l l e r s   191  i s   p r o v i d e d   w i t h   a  p l u r a l i t y   o f  

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

e a c h   may  t a k e   t h e   form  of  t h e   r o l l e r   19  in   t h e  

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

F i g s .   1  to   3,  w i t h   t h e   p r o v i s i o n   of  f i v e   g r o o v e s   a n d  

t h e   o m i s s i o n   o f   t h e   s p a c e r   s e c t i o n   25.   In  c o n t r a s t ,  

h o w e v e r ,   to   t h e   r o l l e r s   19  of   t h e   a s s e m b l y   13,   t h e  

r o l l e r s   191  a r e   i d e n t i c a l   to   e a c h   o t h e r   and  h a v e   a n  

i d e n t i c a l   p o s i t i o n i n g   of  t h e   g r o o v e s   so  t h a t   t h e   r o p e  
10  e a c h   t i m e   i t   p a s s e s   r o u n d   t h e   s u b - a s s e m b l y   29  i n  

c o n t a c t   w i t h   t h e   g r o o v e s   of   s u c c e s s i v e   r o l l e r s   i s  

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

s h a f t   33.  S i m i l a r l y   a l l   t h e   r o l l e r s   192  of  t h e  

s u b - a s s e m b l y   30  a r e   i d e n t i c a l   to   e a c h   o t h e r   and  h a v e  

i d e n t i c a l   p o s i t i o n i n g   of  t h e   g r o o v e s   so  t h a t   t h e   r o p e  
10  e a c h   t i m e   i t   p a s s e s   r o u n d   t h e   s u b - a s s e m b l y   30  i n  

c o n t a c t   w i t h   t h e   g r o o v e s   of  s u c c e s s i v e   r o l l e r s   i s  

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

to   t h e   s h a f t   36.  The  r o l l e r s   192  of   t h e   s u b - a s s e m b l y  

30  a r e   h o w e v e r   a r r a n g e d   w i t h   t h e i r   g r o o v e s   o f f s e t   i n  

r e l a t i o n   to   t h o s e   of  t h e   r o l l e r s   191  so  t h a t   t h e   r o p e  
10  i s   g u i d e d   in   a  h e l i c a l   p a t h   r o u n d   t h e   t w o  

s u b - a s s e m b l i e s .  

The  l i n e   f e e d i n g   d e v i c e   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g .   4  w h i l s t   m a i n t a i n i n g   t h e   a d v a n t a g e s   of  t h e   l a r g e  
d i a m e t e r   c a p s t a n   w i n c h   e m p l o y i n g   two  l a r g e   d i a m e t e r  

c a p s t a n   d rums   can  be  c o n s t r u c t e d   u s i n g   c o m p o n e n t s   o f  

r e l a t i v e l y   low  c o s t   and  of  r o b u s t   c o n s t r u c t i o n .   W h i l e  

t h e   s m a l l   d i a m e t e r   r o l l e r s   191  and  192  a l s o   b e c o m e  

s u b j e c t   to   wea r   p r o v i s i o n   can  r e a d i l y   be  made  f o r  

r e p l a c e m e n t   of  them  at   low  c o s t .   F u r t h e r m o r e   t h e  

m o u n t i n g   of  t h e   r o l l e r s   191  and  192  may  be  a d j u s t a b l y  



f i x e d   so  t h a t   when  a  r o l l e r   s u r f a c e   b e c o m e s   s u b j e c t e d  

to  w e a r   t h e  r o l l e r   can  be  r e p o s i t i o n e d   to   p r e s e n t   t o  

t h e   r o p e   10  an  u n w o r n   p a r t   of  t h e   r o l l e r   s u r f a c e .  

In  t h e   e m b o d i m e n t s   of   t h e   i n v e n t i o n   h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e  t o   t h e   d r a w i n g s ,   t h e   p u l l e y   1 6  

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

r o p e   10  by  m o u n t i n g   i t   on  t h e   f r e e l y   p i v o t a l   arm  1 7 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   a l t e r n a t i v e l y   t h e   p u l l e y   16  

may  be  m o u n t e d   on  a  f i x e d   h o r i z o n t a l   s l i d e   b a r   a n d  

e i t h e r   be  a l l o w e d   f r e e l y   to   s l i d e   on  t h e   b a r   t o   f o l l o w  

t h e   w i n d i n g   on  p o s i t i o n   of   t h e   r o p e   10  or   be  d r i v e n  

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

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

t h e   r o p e   10  on  t h e   drum  11.  A l t h o u g h   t h e   arm  17  in   t h e  

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

p i v o t a l   and  i s   c a u s e d   to   f o l l o w   t h e   w i n d i n g   on  p o s i t i o n  

of  t h e   r o p e   10  by  t h e   r o p e   i t s e l f ,   f o r   some  p u r p o s e s   i t  

may  be  f o u n d   d e s i r a b l e   to   a r r a n g e   f o r   t h e   p i v o t a l   a r m  
17  t o   be  d r i v e n ,   f o r   e x a m p l e   f rom  a  d r i v e   e l e m e n t  

e n g a g e d   by  a  h e l i c a l   d r i v e   p r o f i l e   on  a  d r i v e   s c r e w .  



1.  A  l i n e   f e e d i n g   d e v i c e   f o r   f e e d i n g   a  f l e x i b l e  

l i n e   in   w h i c h   t h e   l i n e   i s   d r i v i n g l y   e n g a g e d   a n d  

a d v a n c e d   means   by  c o n t a c t   w i t h   an  a r c u a t e   s u r f a c e   o f  

d r i v e   means   c h a r a c t e r i s e d   in   t h a t   t h e   d r i v e   m e a n s  

c o m p r i s e s   an  a s s e m l l y   of   f i v e   or   more   d r i v e   e l e m e n t s   s o  

d i s p o s e d   in   s p a c e d   r e l a t i o n   to   e a c h   o t h e r   as  to   p r e s e n t  

to   t h e   l i n e   a  d r i v e   p a t h   f o r   t h e   l i n e   in  w h i c h   t h e   l i n e  

i s   d r i v i n g l y   e n g a g e d   by  and  a d v a n c e d   t h r o u g h   a  

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

c o n t a c t   in   t u r n   w i t h   an  a r c u a t e   s u r f a c e   of  e a c h   d r i v e  

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

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

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

a d j a c e n t   d r i v e   e l e m e n t   as  to   be  r e l i e v e d   f rom  b e n d i n g  

s t r e s s e s   i m p o s e d   on  t h e   l i n e   by  c o n t a c t   w i t h   t h e  

a r c u a t e   s u r f a c e s   of  t h e   e l e m e n t s .  

2.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   t h e   e l e m e n t s   a r e   r o l l e r s   so  d i s p o s e d  

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

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

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

of   t h e   r o l l e r s   r e m o t e   f rom  t h e   c e n t r e   p o i n t   of  t h e  

a s s e m b l y .  

3.  A  d e v i c e   a c c o r d i n g   to   any  of   c l a i m   2 ,  

c h a r a c t e r i s e d   by  t h e   f a c t   t h a t   t h e   r o l l e r s   of  t h e  

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

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

s u p p o r t   s t r u c t u r e .  



4.  A  d e v i c e   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   t h e  d r i v e   p a t h   e x t e n d s   to   a t   l e a s t   o n e  

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

5.  A  d e v i c e   a c c o r d i n g   to   c l a i m   4,  c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   t h e   r o l l e r s   a r e   a r r a n g e d   on  a x e s  

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

6.  A  d e v i c e   a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i s e d  

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

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

7.  A  d e v i c e   a c c o r d i n g   to   any  of  c l a i m s   4  t o   6 ,  

c h a r a c t e r i s e d   by  t h e  f a c t   t h a t   t h e   d r i v e   p a t h   makes   a  

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

r o l l e r s   a r e   so  c o n s t r u c t e d   as  t o   p r o v i d e   a d j a c e n t  

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

8.  A  d e v i c e   a c c o r d i n g   to   c l a i m   7,  c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   t h e   a d j a c e n t   c o n t a c t   s u r f a c e s   o f   e a c h  

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

a d j a c e n t   e a c h   o t h e r   a l o n g   t h e   l e n g t h   of  t h e   r o l l e r .  

9.  A  d e v i c e   a c c o r d i n g   to   c l a i m   8,  c h a r a c t e r i s e d  

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

t h e   g r o o v e s   in   e a c h   r o l l e r   a r e   d i s p l a c e d   a x i a l l y   w i t h  

r e s p e c t   to   t h o s e   in   t h e   n e x t   a d j a c e n t   r o l l e r   so  t h a t  

t h e   l i n e   i s   g u i d e d   by  t h e   g r o o v e s   of   s u c c e s s i v e   r o l l e r s  

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

1 0 .  '   A  d e v i c e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   t h e   e l e m e n t s   a r e   r o l l e r s   a s s e m b l e d   a s  

two  s p a c e d   s u b - a s s e m b l i e s ,   t h a t   t h e   r o l l e r s   of  e a c h  



s u b - a s s e m b l y   a r e   n o n - r o t a t a b l y   m o u n t e d   in  a  r o l l e r  

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

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

t h a t   t h e   r o l l e r s   o f   each   s u b - a s s e m b l y   a r e   a r r a n g e d   o n  

a x e s   e q u i d i s t a n t   f rom  t h e   c e n t r e   p o i n t   of   t h e  

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

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

s u p p o r t   s t r u c t u r e s   a r e   so  d r i v e n   as  t o   p r e s e n t   a  d r i v e  

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

e n g a g e d   by  and  a d v a n c e d   t h r o u g h   t h e   p r e d e t e r m i n e d   a n g l e  

of  wrap   a r o u n d   t h e   two  s u b - a s s e m b l i e s   by  c o n t a c t   i n  

t u r n   w i t h   t h e   o u t e r   s u r f a c e s   of   t h e   r o l l e r s   of   t h e   t w o  

s u b - a s s e m b l i e s .  
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