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©  Apparatus  for  stranding  wires. 
Wire  stranding  apparatus  for  giving  a  periodic  reverse 

twisting  operation,  in  which  a  rotationally  flexible  elongate 
member,  preferably  a  rod  (10),  carries  wire  guiding  elements 
(12)  extending  radially  outwardly  from  it.  Each  element  has 
guide  holes  (14)  for  wires  (16)  as  they  are  passed  along  the 
rod.  Stranding  is  done  by  holding  an  upstream  end  of the  rod 
stationary  and  while  the  wires  are  moved  along  guide  paths, 
the  downstream  end  of  the  rod  is  rotated  for  a  predetermined 
number  of  revolutions  about  its  axis  alternately  in  one  direc- 
tion  and  then  the  other.  Wires  are  thus  stranded  in  alternating 
directions. 



T h i s   i n v e n t i o n   r e l a t e s   to   t h e   s t r a n d i n g   of  w i r e s .  

I t   i s   known  t h a t   t h e   t w i s t i n g   of  w i r e s   t o g e t h e r  

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

a d v a n t a g e s   when   u s e d   in   c o m m u n i c a t i o n s   or  o t h e r   e l e c t r i c a l  

s y s t e m s .   Fo r   e x a m p l e ,   t w i s t i n g   of   p a i r s   o f   w i r e s   as  u s e d   i n  

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

r e d u c i n g   c r o s s t a l k .  

C o n v e n t i o n a l l y ,   to   c o n t i n u a l l y   t w i s t   w i r e s  

t o g e t h e r   in   t he   same  d i r e c t i o n   r e q u i r e s   a  h e a v y   m o v a b l e   c o n -  

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

m u s t   a l s o   r e v o l v e   a b o u t   t h e  m a c h i n e   a x i s .   The  h e a v y   c o n s t r u c -  

t i o n   l i m i t s   t h e   o p e r a t i o n a l   s p e e d .   To  a v o i d   t h e   r o t a t i o n   of  t h e  

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

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

b e c o m e   n e c e s s a r y .  

In  o r d e r   to   o v e r c o m e   p r o b l e m s   w i t h   known  t w i s t i n g  

a p p a r a t u s ,   s i m p l i f i e d   a p p a r a t u s   h a s   b e e n   d e v i s e d   to   g i v e   a  

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

as  d e s c r i b e d   in   C a n a d i a n   P a t e n t   No.  9 9 6 , 8 2 4   in   t h e   name  o f  

P h i l l i p   J o h n   R e e d ,   a s s i g n e e   N o r t h e r n   E l e c t r i c   Company  L i m i t e d ,  

i n v o l v e s   t h e   u se   of  a  t u b u l a r   m e m b e r   one  end  of  w h i c h   i s   h e l d  

s t a t i o n a r y   and   t h e   o t h e r   t w i s t e d   f i r s t   in   one  d i r e c t i o n   a n d  

t h e n   t h e   o t h e r .   D i v i d e r s   p o s i t i o n e d   a l o n g   t h e   t u b e   fo rm  s e p a r a t e  

p a t h s   f o r   w i r e s   p a s s i n g   down  t h e   t u b e   and  a  t w i s t i n g   means   a t   a  

t u b e   o u t l e t   p l a c e s   t h e   r e v e r s e   t w i s t   in   t h e   w i r e s .  

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

e f f e c t i v e   in   c r e a t i n g   r e v e r s e   t w i s t .   I t   ha s   c e r t a i n   d i s a d v a n -  

t a g e s ,   h o w e v e r ,   n a m e l y   t h a t   b e c a u s e   i t   i s   l o n g ,   i . e .   a b o u t   37 

f e e t   l o n g   ( 1 1 . 2 7   m e t e r s )   w i t h   0 .5   i n c h   ( 1 . 2 7   cms)  i n s i d e  



d i a m e t e r ,   i t   i s   d i f f i c u l t   to   t h r e a d   or   p a s s   w i r e s   in   t h e i r  

c o r r e c t   p o s i t i o n s   down  t h e   t u b e   and  t h i s   p r o c e d u r e   i s   a  

t e d i o u s   and   t i m e   c o n s u m i n g   o p e r a t i o n .   I f   t h e   t u b e   i s   f o r m e d  

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

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

i m p u r i t i e s   d e p o s i t e d   upon  t h e   t u b e   s u r f a c e   and  due   t o   c h a n g e s  

in   t h e   p l a s t i c   i t s e l f .   A l s o ,   t h e   f r i c t i o n   b e t w e e n   t h e  w i r e s  

and  t h e   i n s i d e   w a l l   of  t h e   t u b e   may  be   s u f f i c i e n t l y   h i g h   t o  

r e s u l t   in   s o m e   s t r e t c h .  

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 ,   a p p a r a t u s   f o r  

s t r a n d i n g   w i r e s c o m p r i s e s   an  e l o n g a t e   m e m b e r   h a v i n g   a  l o n g i t u d i -  

n a l   a x i s   a n d   b e i n g  r o t a t i o n a l l y   f l e x i b l e   a b o u t   s a i d   a x i s ;   a  

p l u r a l i t y   o f   w i r e   g u i d i n g   e l e m e n t s   e x t e n d i n g   r a d i a l l y   o u t w a r d l y  

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

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

a r o u n d   t h e   a x i s ,   f o r   p a s s a g e   t h e r e t h r o u g h   o f   a  p l u r a l i t y   o f  

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

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

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

d o w n s t r e a m   e n d   o f   t h e   m e m b e r ,   t h e   t w i s t i n g   m e a n s   e x t e n d i n g  

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

n a l l y   e x t e n d i n g   h o l e s ,   one  f o r   e a c h   o f   t h e   p a t h s   a n d   a n g u l a r l y  

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

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

and  of   t h e   d o w n s t r e a m   e n d ;   and  m e a n s   f o r   r o t a t i n g   t h e   d o w n s t r e a m  

end  of  t h e   m e m b e r   and  t h e   t w i s t i n g   m e a n s   f o r   a  p r e d e t e r m i n e d  

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

and  t h e n   t h e   o t h e r .  



In  a  p r e f e r r e d   a r r a n g e m e n t ,   e a c h   of  t he   g u i d i n g  

e l e m e n t s   i s   a  d i s c   t h r o u g h   w h i c h   t h e   e l o n g a t e   member   e x t e n d s  

w i t h   t h e   d i s c   s e c u r e d   to   t h e   m e m b e r .   E a c h   d i s c   i s   f o r m e d   w i t h  

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

A l t e r n a t i v e l y ,   e a c h   g u i d e   e l e m e n t   i s   a  p l a t e   e x t e n d i n g   o u t w a r d l y  

f r o m   t h e   e l o n g a t e   member   and  e x t e n d i n g   a r o u n d   p r e d e t e r m i n e d  

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

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

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

p a t h s .  

T h e  e l o n g a t e   m e m b e r   may  c o m p r i s e   a  s i n g l e   t u b e ,  

r o d   o r   w i r e   or   may  c o m p r i s e   a  p l u r a l i t y   of  t u b e s ,   r o d s   or  w i r e s  

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

f r o m   t h e   d o w n s t r e a m   end  a l o n g   t h e   m e m b e r .   A l t e r n a t i v e l y ,   t h e  

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

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

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

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

p l a s t i c   r o p e   w i t h   a  b r a i d e d   c o v e r   j a c k e t e d   by  a  c o v e r i n g   l a y e r  

w h i c h   may  be  n y l o n .   Low  i n e r t i a l   r e s i s t a n c e   a l l o w s   t h e  

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

i s   p o s s i b l e   w i t h   a p p a r a t u s   d e s c r i b e d   in   C a n a d i a n   p a t e n t   9 9 6 , 8 2 4  

and  w i t h   l e s s   d r i v i n g   p o w e r   r e q u i r e m e n t s .  

I t   i s   p r e f e r a b l e   t h a t   t h e   m e a n s   f o r   r o t a t i n g   t h e  

d o w n s t r e a m   end  of   t h e   e l o n g a t e   m e m b e r   and  t h e   t w i s t i n g   m e a n s  

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

in   i t s e l f   d r i v e s   t h e   e l o n g a t e   m e m b e r .   A d v a n t a g e o u s l y ,  

t h e   t w i s t i n g   means   i s   d r i v a b l y   s e c u r e d   to   t h e   e l o n g a t e   m e m b e r  

by  t h e   d o w n s t r e a m   end  of  t h e   m e m b e r   h a v i n g   a  m e c h a n i c a l l y  



s e c u r e   c o n n e c t i o n   in   t h e   t w i s t i n g   m e a n s .   To  d i s t r i b u t e  

t o r s i o n a l   s t r e s s e s   a l o n g   t h e   e l o n g a t e   m e m b e r ,   t h e   t w i s t i n g  

means   i s   s e c u r e d   to   an  a x i a l l y   e x t e n d i n g   m o v e m e n t   t r a n s m i s s i o n  

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

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

and  n o n - r o t a t i o n a l l y   h e l d   o n t o   t h e   e l o n g a t e   m e m b e r ,   f o r   i n s t a n c e  

by  epoxy   r e s i n   p o u r e d   i n t o   t h e   t u b e   and  a l l o w e d   to   s e t .  

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  b e  

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   t o   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 u r e   1  i s   a  s i d e   e l e v a t i o n a l   v i e w   s h o w i n g   t h e  

b a s i c   c o n c e p t   o f   t h e   i n v e n t i o n ;  

F i g u r e   2  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g  

l i n e   I I - I I   in   F i g u r e   1 ;  

F i g u r e   3  i s   a  s i d e   e l e v a t i o n a l   v i e w   o f  

a p p a r a t u s   f o r m i n g   o n e   e m b o d i m e n t ;  

F i g u r e   4  i s   a  d e t a i l   of  t h e   f i r s t   e m b o d i m e n t   i n  

l o n g i t u d i n a l   c r o s s - s e c t i o n   and  on  a  l a r g e r   s c a l e ;  

F i g u r e   5  i s   an  end  v i e w   in   t h e   d i r e c t i o n   o f  

a r r o w   "V"  in   F i g u r e   4 .  

F i g u r e   6  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   a p p a r a t u s  

f o r m i n g   a  s e c o n d   e m b o d i m e n t ;  

F i g u r e   7  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   p a r t   o f  

an  e l o n g a t e   m e m b e r   f o r m i n g   p a r t   of   a  t h i r d   e m b o d i m e n t ;  

F i g u r e   8  i s   a  s i d e   e l e v a t i o n a l   v i e w   o f   a n  

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

p a r t   of  a  f o u r t h   e m b o d i m e n t .  

As  shown  i n   F i g u r e   1,  t h e   i n v e n t i o n   i s   b a s i c a l l y  

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



c o m p r i s e s   an  e l o n g a t e   member   10  h a v i n g   a  l o n g i t u d i n a l   a x i s  

and  h a v i n g   a  p l u r a l i t y   of  w i r e   g u i d i n g   e l e m e n t s   12  s p a c e d  

a p a r t   a l o n g   t h e   m e m b e r   10.  The  g u i d i n g   e l e m e n t s   12  a r e  

s e c u r e d  t o   t h e   e l o n g a t e   member   and  as  shown  may  be  d i s c s  

( s ee   a l s o   F i g u r e   2)  w i t h   t h e   member   10  p a s s i n g   t h r o u g h   a  

c o n c e n t r i c   h o l e   i n   e a c h   d i s c .  

To  g u i d e   w i r e s   t o   be  s t r a n d e d   as  t h e y   a r e  

p a s s e d   l o n g i t u d i n a l l y   of   t h e   member   10,   e a c h   g u i d i n g   e l e m e n t  

12  i s   f o r m e d   w i t h   a n g u l a r l y   s p a c e d - a p a r t   w i r e   g u i d i n g   h o l e s  

14  ( F i g u r e   2 ) ,   one   h o l e   in   e a c h   g u i d i n g   e l e m e n t   f o r   e a c h   w i r e .  

In  t he   e x a m p l e   of   F i g u r e s   1  and  2,  f o u r   h o l e s   a r e   p r o v i d e d   b u t  

t he   n u m b e r   may  v a r y   and  i s   d e p e n d e n t   upon   t h e   n u m b e r   of  w i r e s  

to  be  s t r a n d e d .   G u i d e   p a t h s   f o r   t h e   w i r e   a r e   p r o v i d e d   by  t h e  

h o l e s   14  w i t h   e a c h   w i r e   p a s s i n g   b e t w e e n   e l e m e n t s   and  t h r o u g h  

c o r r e s p o n d i n g   h o l e s   in   t h e   e l e m e n t s .   In  F i g u r e   1,  one   w i r e  

16  o n l y   i s   shown  p a s s i n g   b e t w e e n   e l e m e n t s   12  f o r   r e a s o n s   o f  

c l a r i t y   and  so  as  n o t   to   be  c o n f u s e d   w i t h   t h e   e l o n g a t e   m e m b e r  

1 0 .  

The  e l o n g a t e   m e m b e r   10  i s   r o t a t i o n a l l y   f l e x i b l e  

a b o u t   i t s   l o n g i t u d i n a l   a x i s .   The  member   10  i s   h e l d   s t a t i o n a r y  

in  a  f r a m e   ( s h o w n   d i a g r a m m a t i c a l l y   a t   18)  a t   an  u p s t r e a m   e n d ,  

when  c o n s i d e r e d   i n   t h e   s e n s e   of  d i r e c t i o n   of   w i r e   m o v e m e n t ,  

by  a  h o l d i n g   m e a n s   w h i c h   may  be  a  w i r e   g u i d e   b l o c k   20  s e c u r e d  

to  t he   f r a m e .   In  end  v i e w ,   t h e   b l o c k   i s   s i m i l a r   to   F i g u r e   2 

in  h a v i n g   f o u r   h o l e s   14  c o r r e s p o n d i n g   t o   t h o s e   in   t h e   g u i d i n g  

e l e m e n t s   12.   An  u p s t r e a m   end  of   t h e   e l o n g a t e   m e m b e r   i s   s e c u r e d  

i n t o   t he   g u i d e   b l o c k   to   p r e v e n t   t h e i r   r e l a t i v e   r o t a t i o n .  

At  t h e   d o w n s t r e a m   end  of  member   10  i s   p r o v i d e d   a  

t w i s t i n g   m e a n s   w h i c h   i s   c o n v e n i e n t l y   a  s h o r t   s o l i d   c y l i n d e r   22  



h a v i n g   h o l e s   14  a g a i n   c o r r e s p o n d i n g   to   t h e   n u m b e r   o f  h o l e s  i n  

t h e   g u i d i n g   e l e m e n t s   12.   The  m e m b e r   .10  i s   n o n - r o t a t a b l y   s e c u r e d  

to   t h e   t w i s t i n g   m e a n s .  

In  u s e   o f   t h e   i n v e n t i o n ,   t h e   w i r e s   16  a r e   f e d  

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

m e a n s   22.  The  t w i s t i n g   m e a n s   and  d o w n s t r e a m   end  of  m e m b e r   1 0  

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

o n e   d i r e c t i o n   and   t h e n   t h e   o t h e r   a l t e r n a t e l y   in   e a c h  d i r e c t i o n  

f r o m   a  n o r m a l   u n t w i s t e d   p o s i t i o n   of   m e m b e r   10  in  w h i c h   a l l   w i r e  

p a t h s   t h r o u g h   t h e   h o l e s  1 4   a r e   s u b s t a n t i a l l y   s t r a i g h t .   T h e  

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

p o s i t i o n   may  be   as  d e s i r e d   and   m a y ,   f o r  i n s t a n c e ,   be  20  r e v o l u -  

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

10  i n   e a c h   d i r e c t i o n   as  t h e   u p s t r e a m   e n d   i s   f i x e d   a t  1 8   a n d   t h e  

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

t h r o u g h   t h e   r o t a t i n g   t w i s t i n g   m e a n s   2 2 . .  

The  w i r e s   a r e   f e d   c o n t i n u o u s l y   t h r o u g h   t h e   h o l e s  

a n d   a l o n g   t h e   m e m b e r   10 .   The  r o t a t i o n   o f   t h e   t w i s t i n g   m e a n s  

a n d   i t s   d i r e c t i o n a l   c h a n g e   c a u s e s   t h e   w i r e s   t o   be  s t r a n d e d   t o -  

g e t h e r ,   as  t h e y   i s s u e   f r o m   t h e   t w i s t i n g   m e a n s ,   in   o p p o s i t e  

d i r e c t i o n s   of   t w i s t s   w h i c h   a l t e r n a t e   w i t h   one  a n o t h e r .   B y  

h o l d i n g   t h e   t w i s t e d   w i r e s   by  some  m e a n s   ( n o t   s h o w n ) ,   a f t e r   t h e y  

e m e r g e   f r o m   t h e   t w i s t i n g   m e a n s ,   any   t e n d e n c y   f o r   t h e   w i r e s   t o  

b e c o m e   u n t w i s t e d   i s   a v o i d e d .  

In   a  f i r s t   e m b o d i m e n t   s h o w n   in  F i g u r e   3,  i n  

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

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

w i r e s   16.   The  f o u r   w i r e s  a r e   s h o w n   e n t e r i n g   t h e  g u i d e   b l o c k  

20  and  e m e r g i n g   f r o m   t h e   c y l i n d e r   22  b u t   a r e   o m i t t e d   in   b e t w e e n  



f o r   c l a r i t y .  

The  e l o n g a t e   member   in  t h i s   e m b o d i m e n t   is   s t e e l  

rod   w h i c h   i s   h i g h   s t r e n g t h   m u s i c   w i r e   b u t   some  a l t e r n a t i v e  

may  be  u s e d   s u c h   as  s t e e l   w i r e .   The  d i a m e t e r   of  t h e   rod   i s  

s m a l l   ( a r o u n d   . 0 6 " )   and  is  c a p a b l e   of  t r a n s m i t t i n g   s u f f i c i e n t  

t o r q u e   to   r o t a t e   t he   d i s c s   12  w i t h   i t .   As  shown  in  F i g u r e   4 ,  

t h e   t w i s t i n g   m e a n s   or  c y l i n d e r   22  i s   a b o u t   . 6 2 5 "   d i a m e t e r   and  i s  

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

t u b e   24  o f   g r e a t e r   a x i a l   l e n g t h   t h a n   t h e   c y l i n d e r .   T h i s   t u b e  

h a s   t h e   d o w n s t r e a m   end  of  t h e   e l o n g a t e   m e m b e r   10  e x t e n d e d  

t h r o u g h   i t   and  s e c u r e d   w i t h i n   i t   by  e p o x y   r e s i n   26  w h i c h  

f i l l s   t h e   t u b e   and  c o m p l e t e l y   e m b e d s   t h e   p a r t   of  t h e   member   10 

w i t h i n   t h e   t u b e .   B e c a u s e   of  t h e   e x t r a   a x i a l   l e n g t h   of  t h e   t u b e  

24  o v e r   m e m b e r   10,  t o r s i o n a l   s t r e s s e s   a r e   more   e v e n l y   d i s t r i b u t e d  

o v e r   i t s   d o w n s t r e a m   end  t h a n   w o u l d   be  t h e   c a s e   i f   t h e   member   10  

was  d i r e c t l y   c o n n e c t e d   to   t h e   c y l i n d e r   2 2 .  

The  end  of   member   10  i s   a l s o   n o n - r o t a t a b l y  

a t t a c h e d   d i r e c t l y   to   t h e   c y l i n d e r   22  by  p r o v i d i n g   t h e   end  w i t h  

a  r a d i a l l y   e x t e n d i n g   e l e m e n t   in   t h e   f o r m   of  a  c l o s e d   eye   28  

w h i c h   i s   r e c e i v e d   w i t h i n   a  d i a m e t r a l   s l o t   30  in   t h e   c y l i n d e r  

( s e e   F i g u r e   5 ) .   The  s l o t   i s   f i l l e d   w i t h   s o l d e r .  

Means  32,   shown  g e n e r a l l y   i n   F i g u r e   3,  i s  

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

member   10  and  t h e   c y l i n d e r   22.  T h i s   m e a n s   c o m p r i s e s   t w o  

c l u t c h e s   34,   36  m o u n t e d   in   a x i a l   a l i g n m e n t   u p o n   a  h o l l o w  

s h a f t   38  w h i c h   i s   s e c u r e d   a r o u n d   t h e   u p s t r e a m   end  of  t h e  

c y l i n d e r   22  as  i s   c l e a r l y   shown  in  F i g u r e   4.  E a c h   c l u t c h  

h a s   a  s t u b   s h a f t   40  f r e e l y   c a r r i e d   upon   s h a f t   38  and  a  p u l l e y  

w h e e l   42  on  e a c h   s t u b   s h a f t   is   d r i v a b l e   by  a  b e l t   44.  T h e  



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

s e p p a r a t e   m o t o r s .   A l t e r n a t i v e l y ,   t h e   two  b e l t s   44  a r e  

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

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

w h e e e l .   A  s i n g l e   m o t o r   i s   t h e n   u s e d   to   d r i v e   t h e   b e l t   w h i c h  

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

c l u t c h e s   a r e   e l e c t r o m a g n e t i c a l l y   o p e r a t e d   t h r o u g h   l e a d s   4 6 .  

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

p u l l e y   w h e e l   and  a  d r i v e n   p o r t i o n   c o n n e c t e d   to   t h e   s h a f t   3 8 .  

The  c l u t c h e s   a r e   a c t u a t e d   s e q u e n t i a l l y   t o  

d r i v e   t h e   c y l i n d e r   22  in   o p p o s i t e   d i r e c t i o n s .   I t   i s . i m p o r t a n t  

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

a p p a r a t u s ,   t h a t   t h e   c l u t c h e s   a r e   a c t u a t e d   p r e c i s e l y   as  r e q u i r e d  

to   p r e v e n t   b u i l d - u p   of  c u m m u l a t i v e   e r r o r s .   An  e r r o r   of   a  

f r a c t i o n   o f   a  r o t a t i o n   in   one  d i r e c t i o n   i f   l e f t   u n c o r r e c t e d  

i n   t h e   o t h e r   d i r e c t i o n   c o u l d   r e s u l t   i n   w i r e   d a m a g e .  

In   t h i s   e m b o d i m e n t ,   t h e   c l u t c h e s   a r e   c o n t r o l l e d  

by  m i c r o s w i t c h e s   48,  50  a c t u a t e d   by  a  f i n g e r   52  h e l d   by  a  n u t  

5 4 .   The  n u t   i s   n o n - r o t a t a b l y   and   a x i a l l y   s l i d a b l y   h e l d   in   t h e  

f r a m e   in   a  m a n n e r   n o t   shown  and  i s   a x i a l l y   m o v e a b l e   a l o n g   a  

s c r e w   t h r e a d   56  p r o v i d e d   u p o n   t h e   s h a f t   38  b e t w e e n   t h e   c l u t c h e s .  

U p o n   t h e   f i n g e r   52  r e a c h i n g   a  m i c r o s w i t c h   d u r i n g   r o t a t i o n   o f  

t h e   s h a f t   38  and  c y l i n d e r   22  i n   one   d i r e c t i o n ,   t h e   s w i t c h   i s  

a c t u a t e d   t o   d e - e n e r g i z e   one   c l u t c h   and   e n e r g i z e   t h e   o t h e r   s o  

t h a t   r o t a t i o n   i s   i m m e d i a t e l y   r e v e r s e d .   W i t h   t h i s   a r r a n g e m e n t ,  

an  a c c u m u l a t i o n   of  e r r o r s   c a n n o t   o c c u r .   L e a d s   58  c o n n e c t   f r o m  

t h e   m i c r o s w i t c h e s   to   a  s w i t c h   b o x   ( n o t   s h o w n )   to   w h i c h   l e a d s  

46  of  t h e   c l u t c h e s   a l s o   c o n n e c t .  



In  u s e ,   t h e   w i r e s   16  a r e   fed   f rom  s p o o l s   60  

t h r o u g h   t h e   b l o c k   20,   g u i d i n g   e l e m e n t s   12  and  c y l i n d e r   2 2 .  

B e c a u s e   of  t h e   e x t e r i o r   p o s i t i o n i n g   of   t he   h o l e s   14,  i t   i s  

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

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

when  a  w i r e   b r e a k a g e   o c c u r s   d u r i n g   m a n u f a c t u r e .   As  t h e   w i r e s  

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

c h e c k e d   to   s e e   w h e t h e r   t h e y   a r e   t h r e a d e d   c o r r e c t l y   and   t h e i r  

c o l o u r   s e q u e n c e   a r o u n d   t h e   e l o n g a t e   member   i s   e a s i l y   c o n t r o l l e d .  

The  s t r u c t u r e   has   a  s m a l l e r   mass   t h a n  i s   p r o -  

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

s m a l l e r   i n e r t i a   f o r c e s   a r e   i n v o l v e d   as  l e s s   mass   a c t s   a t  

r o t a t i o n a l   d i s t a n c e s   away  f rom  t h e   l o n g i t u d i n a l   a x i s   of  t h e  

member   10.  As  a  r e s u l t ,   t h e   r o t a t a b l e   s t r u c t u r e   i s   r o t a t a b l e  

a t   much  h i g h e r   s p e e d s   t h a n   t h e   s t r u c t u r e   d e s c r i b e d   in   t h e  

e a r l i e r   p a t e n t   and  t h e   p o w e r   r e q u i r e d   to  r o t a t e   i t   and  r e v e r s e  

i t s   r o t a t i o n   i s   t h u s   r e d u c e d .   Wi th   t h e   a p p a r a t u s   of  t h i s  

e m b o d i m e n t ,   s p e e d s   of  t h e   o r d e r   of  3800  r . p . m .   s h o u l d   b e  

a t t a i n a b l e .  

The  t w i s t   in   t h e   w i r e s   e x i t i n g   f rom  t h e   c y l i n d e r  

22  may  be  p r o v i d e d   by  p h y s i c a l   h o l d i n g   means   w h i c h   has   t o  

o p e r a t e   a g a i n s t   t e n s i o n   in   t h e   w i r e s .   A l t e r n a t i v e l y ,   t h e  

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

t w i s t i n g .   One  way  of   r e l i e v i n g   t e n s i o n   and  l o c k i n g   in   t h e  

t w i s t   i s   to  h e a t   t h e   w i r e s   r a p i d l y   as  t h e y   e m e r g e   f r o m  

c y l i n d e r   22.  I f   t h e r e   i s   any  i n s u l a t i o n   on  t h e   w i r e s ,   a s  

w i t h   e l e c t r i c a l   or   t e l e c o m m u n i c a t i o n s   w i r e s ,   i t   i s   h e a t e d  

f o r   a  v e r y   s h o r t   p e r i o d ,   e . g .   1 0 - 1 5   m i l l i s e c o n d s   and  s l i g h t  

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



w i r e s .   The  h e a t i n g   and  c o o l i n g   i s   so  q u i c k   t h a t   no  d a m a g e  

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

i n s u l a t i n g   l a y e r .  

A n o t h e r   way  of   p h y s i c a l l y   l o c k i n g   in  t h e   t w i s t  

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

a  c o a t i n g   e x t r u d e r .   I t   can   be  a r r a n g e d   t h a t   t h e   e x i t  f r o m  

t h e   c y l i n d e r   22  i s   v e r y   c l o s e   to   t h e   e x t r u d e r   i n l e t .  

A l t e r n a t i v e l y ,   a  s h o r t   l e n g t h   of   f l e x i b l e   t u b e   c a n   b e  

p o s i t i o n e d   b e t w e e n   t h e   c y l i n d e r   and   t h e   i n l e t   of   t h e   e x t r u d e r .  

The  w i r e s - a r e   c o n t a c t e d   by  t h e   e x t r u d i n g   m a t e r i a l ,   f o r   e x a m p l e  

PVC,  as  s o o n   as  t h e   w i r e s   e n t e r   t h e   e x t r u d e r   and  a r e   t h e n  

l o c k e d   in   t h e i r   t w i s t e d   s t a t e .  

The  w i r e s   c a n   be  r e l i e v e d   of  t h e   t e n s i o n   b y  

p a s s i n g   o v e r   a  c a p s t a n .   The  t w i s t e d   w i r e s   p a s s   a  n u m b e r   o f  

t i m e s   r o u n d   t h e   c a p s t a n   and  t h e   c a p s t a n   c an   be  o v e r d r i v e n  

s l i g h t l y   so  t h a t   t e n s i o n   i s   a p p l i e d   t o   t h e   w i r e s   p a s s i n g  

t h r o u g h   t h e   a p p a r a t u s   b u t   t h e   w i r e s   p a s s   f r o m   t h e   c a p s t a n ,  

f o r   e x a m p l e   t o   a  t a k e - u p   s p o o l ,   u n d e r   l i t t l e   or  no  t e n s i o n .  

A l t e r n a t i v e l y   a  c a t e r p i l l a r   c a p s t a n   can   be  u s e d .  

A n o t h e r   a l t e r n a t i v e   i s   t o   b r i n g   s e v e r a l   g r o u p s  

of   t w i s t e d   w i r e s   t o g e t h e r   and   t w i s t i n g   o r   f o r m i n g   i n t o   a  c a b l e .  

P h y s i c a l   c o n t a c t   b e t w e e n   t h e   w i r e s   w o u l d   t h e n   p r e v e n t   u n -  

t w i s t i n g   e v e n   i f   t e n s i o n   w e r e   a p p l i e d .  

The  m u s i c   w i r e   of  t h e   e l o n g a t e   m e m b e r   has   a  

u s e f u l   l i f e   a t   l e a s t   as  g o o d   a s ,   and  p o s s i b l y   b e t t e r   t h a n  

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

p a t e n t .  

In   a  s e c o n d   e m b o d i m e n t   shown   i n   F i g u r e   6 ,  

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



62  has   a  p l u r a l i t y   of  w i r e   g u i d i n g   e l e m e n t s   12  as  d e s c r i b e d  

f o r   member   10  i n   t h e   f i r s t   e m b o d i m e n t .   Means  32  i s   p r o v i d e d  

f o r   r o t a t i n g   t h e   d o w n s t r e a m   end  of  t h e   m e m b e r .   Only   an  o u t -  

l i n e   of  means   32  i s   shown  in   F i g u r e   6  b u t   i t   i s   of  t h e   s a m e  

c o n s t r u c t i o n   and  o p e r a t e s   in   a  s i m i l a r   m a n n e r   to  t h e   m e a n s  

32  d e s c r i b e d   in  t h e   f i r s t   e m b o d i m e n t .   F o u r   w i r e s   t o   b e  

s t r a n d e d   a r e   f e d   f rom  w i r e   g i v e - u p   d e v i c e s   64  ( o n l y   o n e  

b e i n g   s h o w n ) ,   t h e   w i r e s   p a s s i n g   o v e r   d r i v e n   p u l l e y   w h e e l s   66 

to   t h e   g u i d i n g   e l e m e n t s   1 2 .  

The  a p p a r a t u s   of  t h e   s e c o n d   e m b o d i m e n t   d i f f e r s  

f rom  t h a t   of   t h e   f i r s t   e m b o d i m e n t   in  t h e   h o l d i n g   means   f o r  

h o l d i n g   t h e   u p s t r e a m   end  of   t h e   member   62  s t a t i o n a r y .   I n  

F i g u r e   6  t h e   h o l d i n g   means   c o m p r i s e s   a  c o u n t e r w e i g h t   68  

a t t a c h e d   to  t h e   u p s t r e a m   end  of   t h e   member   62,  t h e   end  p o r t i o n  

of  t h e   member   e x t e n d i n g   a r o u n d   a t   l e a s t   one  p u l l e y   w h e e l   70  

to   be  h e l d   d o w n w a r d l y   by  t h e   c o u n t e r w e i g h t .   The  u s e   of  t h e  

c o u n t e r w e i g h t   r e d u c e s   r e s i d u a l   t e n s i o n .  

In  a  t h i r d   e m b o d i m e n t   shown  by  F i g u r e   7 ,  

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

f o r   t he   f i r s t   e m b o d i m e n t .   I t   i s   d i f f e r e n t   h o w e v e r   in  t h a t  

an  e l o n g a t e   member   72  i s   of  c o m p o s i t e   c o n s t r u c t i o n   and  i s  

made  f rom  p l a s t i c .   The  m e m b e r   72  h a s   a  c o r e   74  of  r o p e  

f o r m e d   f rom  p l a s t i c   m o n a f i l a m e n t s   (KEVLAR  or  some  o t h e r  

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

l a y e r   76  of   p l a s t i c   w i r e s   s u c h   as  N y l o n .   T h i s   c o m p o s i t e  

i s   t h e n   c o a t e d   w i t h   a  l a y e r   of   h i g h   s t r e n g t h   p l a s t i c   7 8 .  

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

i n e r t i a   f o r c e s   w h i l e   b e i n g   r o t a t i o n a l l y   f l e x i b l e   to   a l l o w  

f o r   h i g h   r o t a t i n g   s p e e d s .   The  member   72  i s   h e l d   w i t h i n   t h e  



c y l i n d e r   22  i n   t h e   m a n n e r   d e s c r i b e d   f o r   m e m b e r   10  i n  t h e  

f i r s t   e m b o d i m e n t .   The  p l a s t i c   m a t e r i a l   of   member   62  may  e v e n  

be  f o r m e d   a t   i t s   end   i n t o   a  r a d i a l l y   e x t e n d i n g   e l e m e n t   m o u n t e d  

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

t h e   f i r s t   e m b o d i m e n t   so  as  t o   a s s i s t   in   t r a n s m i t t i n g   t h e  

d r i v i n g   f o r c e   to   t h e   m e m b e r .  

In   a  f o u r t h   e m b o d i m e n t   ( F i g u r e   8)  w h i c h   i s   a l s o  

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

i n c l u d e s   an  e l o n g a t e   m e m b e r   80  m a d e   f r o m   a  p l u r a l i t y   of   r o d s  

82  j o i n e d   e n d - t o - e n d .   E a c h   r o d   i s   j o i n e d   t o   an  a d j a c e n t   r o d  

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

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

f l e x i b l e .   I n   f a c t   e a c h   r o d   may  be  s u b s t a n t i a l l y   r i g i d  

r o t a t i o n a l l y .   The   r o d s   a r e   j o i n e d   t o g e t h e r   by  i n t e r c o n n e c t e d  

e y e s   84  f o r m e d   a t   t h e i r   e n d s .   The  e y e s  a l l o w   f o r   a  p r e d e t e r m i n e d  

a n g u l a r   m o v e m e n t   b e t w e e n   r o d s .   T h i s   a n g l e   may  be  a n y t h i n g  

d e s i r a b l e   a n d   c o u l d   f o r   i n s t a n c e   be  a r o u n d   40°  of   m o v e m e n t .  

H e n c e ,   w i t h   a  s u f f i c i e n t   n u m b e r   t h e   r o d s   j o i n e d   e n d - t o - e n d ,  

a  l a r g e   n u m b e r   o f   r e v o l u t i o n s   o f   t h e   d o w n s t r e a m   end  of   t h e  

m e m b e r   a n d   of   c y l i n d e r   22  i s   p o s s i b l e   w h i l e   t h e   u p s t r e a m   e n d  

i s   h e l d   s t a t i o n a r y .   I t   f o l l o w s   t h a t   w h e r e   e a c h   rod   c a r r i e s  

o n e   d i s c   12  as   s h o w n   i n   F i g u r e   7,  t h e   e n d   d i s c   h a s   a  l i m i t e d  

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

t o   f o l l o w   h e l i c a l   p a t h s   and  o u t   t h r o u g h   t h e   c y l i n d e r   22.   T h e  

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

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

o s c i l l a t i o n .  



1.  A p p a r a t u s   for   s t r a n d i n g   w i r e s  

c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s :  

an  e l o n g a t e   member  (10 ,   72,  80)  h a v i n g   a 

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

s a i d   a x i s ;  

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

w i r e   g u i d i n g   e l e m e n t s   (12)  e x t e n d i n g   r a d i a l l y   o u t w a r d l y  

from  the  member  and  d e f i n i n g   a  p l u r a l i t y   of  l o n g i t u d i n a l l y  

e x t e n d i n g   w i r e   g u i d i n g   h o l e s   ( 1 4 ) ,   the  h o l e s   b e i n g  

a n g u l a r l y   s p a c e d   a r o u n d   the  a x i s   fo r   p a s s a g e   t h e r e t h r o u g h  

of  a  p l u r a l i t y   of  w i r e s   and  a l s o   be ing   l o n g i t u d i n a l l y  

s p a c e d   w i t h   each   h o l e   c o r r e s p o n d i n g   wi th   o t h e r  

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

pa th   f o r   w i r e   a l o n g   the  m e m b e r ;  

w i r e   t w i s t i n g   means  (22)  at  a  d o w n s t r e a m   e n d  

of  the  member ,   in  the  s e n s e   of  the  d i r e c t i o n   of  w i r e  

m o v e m e n t ,   the  t w i s t i n g   means  e x t e n d i n g   o u t w a r d l y   of  a n d  

s e c u r e d   to  the  member  and  d e f i n i n g   a  p l u r a l i t y   o f  

l o n g i t u d i n a l l y   e x t e n d i n g   h o l e s   ( 1 4 ) ,   one  f o r   each  of  t h e  

p a t h s   and  a n g u l a r l y   s p a c e d   a r o u n d   the  a x i s ;  

h o l d i n g   means  (18 ,   20)  f o r   h o l d i n g   t h e  

member  s t a t i o n a r y   at  a  p o s i t i o n   u p s t r e a m   of  the  w i r e  

g u i d i n g   e l e m e n t s   and  of  t he   d o w n s t r e a m   end ;   a n d  

means  (32)   f o r   r o t a t i n g   the  d o w n s t r e a m   e n d  

of  the  member  and  the  t w i s t i n g   means  f o r   a  p r e d e t e r m i n e d  

number  of  r e v o l u t i o n s   a b o u t   the  a x i s   a l t e r n a t e l y   in  o n e  

d i r e c t i o n   and  t hen   the  o t h e r .  



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 

c h a r a c t e r i z e d   in  t h a t   each   of  the  g u i d i n g   e l e m e n t s   i s  

a  d i s c   (12)  t h r o u g h   wh ich   the  e l o n g a t e   member  e x t e n d s  

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

s p a c e d   h o l e s ,   one  f o r   each   g u i d e   p a t h .  

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   1 

c h a r a c t e r i z e d   in  t h a t   the   e l o n g a t e   member  is  a  s i n g l e  

rod  or  w i r e   (10)   h a v i n g   the   g u i d i n g   e l e m e n t s   s e c u r e d  

to  i t .  

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 

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

p l u r a l i t y   of  rods   (82)   j o i n e d   e n d - t o - e n d - t o   t r a n s m i t  

t w i s t i n g   m o t i o n   f rom  the  d o w n s t r e a m   end  a l o n g   t h e  

m e m b 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 

c h a r a c t e r i z e d   in  t h a t   a d j a c e n t   rods   a re   f o r m e d   at  t h e i r  

a d j a c e n t   ends  w i t h   i n t e r c o n n e c t e d   eyes   (84)   w h i c h  

t r a n s m i t   the   r o t a t i o n a l   m o t i o n   f rom  one  rod  to  a n o t h e r  

w h i l e   p e r m i t t i n g   r e l a t i v e   r o t a t i o n a l   movemen t   b e t w e e n  

r o d s .  

6.  A p p a r a t u s   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 z e d   in  t h a t   each   rod  is  c a p a b l e   of  r o t a t i o n a l  

movemen t   t h r o u g h   a  l i m i t e d   a n g l e   r e l a t i v e   to  an  a d j a c e n t  

rod  b e c a u s e   one  eye  is  f r e e l y   m o v a b l e   r e l a t i v e   to  i t s  



i n t e r c o n n e c t e d   e y e ,   w h e r e b y   a  g u i d i n g   e l e m e n t   on  o n e  

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

to  a  g u i d i n g   e l e m e n t   on  the  o t h e r   r o d .  

7.  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 

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

co re   (74)   of  p l a s t i c   rope  w i t h   a  b r a i d e d   c o v e r   ( 7 6 )  

in  a  j a c k e t   c o m p r i s i n g   a  c o v e r i n g   l a y e r   of  p l a s t i c   ( 7 8 ) .  

8.  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 

c h a r a c t e r i z e d   in  t h a t   the  means  f o r   r o t a t i n g   t h e  

d o w n s t r e a m   end  of  the  member  and  the  t w i s t i n g   means  i s  

d r i v a b l y   c o n n e c t e d   to  the  t w i s t i n g   means  and  the  d o w n -  

s t r e a m   end  of  the  e l o n g a t e   member  is  n o n - r o t a t i o n a l l y  

s e c u r e d   to  the   t w i s t i n g   m e a n s .  

9.  A p p a r a t u s   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 z e d   in  t h a t   the  t w i s t i n g   means  s u r r o u n d s   a 

t r a n s m i s s i o n   t u b e   (24)  which  is  s e c u r e d   to  the  t w i s t i n g  

m e a n s ,   the   t r a n s m i s s i o n   t ube   e x t e n d i n g   a x i a l l y   f u r t h e r  

a l o n g   the   e l o n g a t e   member  than   the  t w i s t i n g   means  a n d  

b e i n g   s e c u r e l y   and  n o n - r o t a t i o n a l l y   he ld   a r o u n d   t h e  

e l o n g a t e   m e m b e r .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9 

c h a r a c t e r i z e d   in  t h a t   the  t r a n s m i s s i o n   tube   is  h e l d  

a r o u n d   the   e l o n g a t e   member  by  epoxy  r e s i n   (26)  i n s i d e  

the  tube   and  w i t h i n   which  the  p a r t   of  the  e l o n g a t e  

member  is  e m b e d d e d .  



11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   9 

c h a r a c t e r i z e d   in  t h a t   the  d o w n s t r e a m   end  of  t h e  

e l o n g a t e   member  is  in  the  form  of  a  r a d i a l l y   e x t e n d i n g  

e l e m e n t   (28)   wh ich   is  n o n - r o t a t a b l y   h e l d   w i t h i n   a 

d i a m e t r a l   s l o t   (30)   in  t he   t w i s t i n g   m e a n s .  

12.  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 

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

b l o c k   (20)   to  w h i c h   the   u p s t r e a m   end  of  the  e l o n g a t e  

member  is  s e c u r e d ,   the   b l o c k   b e i n g   s e c u r e d   to  a 

f r ame   ( 1 8 ) .  

13.  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 

c h a r a c t e r i z e d   in  t h a t   an  u p s t r e a m   end  of  the  e l o n g a t e  

member  e x t e n d s   a r o u n d   a  p u l l e y   wheel   (70)   and  h a n g s  

d o w n w a r d l y   to  the   u p s t r e a m   end ,   and  the  h o l d i n g   m e a n s  

c o m p r i s e s   a  w e i g h t   (68)   s e c u r e d   to  the  u p s t r e a m   e n d  

of  the  m e m b e r .  
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