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T h i s   i n v e n t i o n   r e l a t e s   to  an  e l e o t r o h y d r a u l i o   d r i v e   a n d  

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

s p o o l   ( a l s o   known  as  a  t r a v e r s e   w i n d e r   or  l e v e l   w i n d e r )  

t h a t   b o t h   w inds   and  p a y s   ou t   an  i n d e f i n i t e   l e n g t h   o f  

m e t a l l i c   s t r a n d .  

In  t h e   p r o d u c t i o n   of  many  m a t e r i a l s ,   w h e t h e r   m e t a l ,   p a p e r ,  

p l a s t i c   f i l m s   or  o t h e r w i s e ,   t h e   p r o d u c t   is   in  t h e   fo rm  o f  

a  m o v i n g   s t r a n d   or  web.   In  t he   c a s e   of  a  s t r a n d ,   i t   can  b e  

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

P r o c e s s i n g   of  the   m a t e r i a l   o c c u r s   "on  the   f l y "   as  i t   m o v e s  

t h r o u g h   t he   p r o d u c t i o n   e q u i p m e n t .   T y p i c a l l y   when  t h e  

p r o c e s s i n g   is  c o m p l e t e ,   t he   m a t e r i a l   i s   wound  o n t o   a  

s p o o l ,   c o r e ,   r e e l   or  m a n d r e l .   In  some  a p p l i c a t i o n s ,   t h e  

m a t e r i a l   is   wound  and  t h e n   l a t e r   unwound  f o r   f u r t h e r  

p r o c e s s i n g .  

An  o b j e c t   of  t h e   i n v e n t i o n   is  to  p r o v i d e   a n  

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

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

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

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

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

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

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

p a s s l i n e   c o m p r i s i n g :  

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

l i n e a r l y   a l o n g   i t s   a x i s   of  r o t a t i o n ,  



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

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

s a i d   p o s i t i o n ,  

s e c o n d   t r a n s d u c e r   means   f o r   s e n s i n g   the   l i n e a r  

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

i n d i c a t i v e   of  s a i d   v e l o c i t y ,  

t h i r d   t r a n s d u c e r   means   f o r   m e a s u r i n g   the   s p e e d   o f  

r o t a t i o n   of  s a i d   s p o o l   and  g e n e r a t i n g   an  o u t p u t   s i g n a l  

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

e l e c t r o n i c   c o n t r o l l e r   means   f o r   g e n e r a t i n g   a  

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

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

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

t r a v e r s i n g ,   a n d  

a  h i g h   s p e e d   s e r v o - v a l v e   r e s p o n s i v e   to  t he   o u t p u t  

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

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

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

and  c o n t r o l   a p p a r a t u s   f o r   p r o c e s s   l i n e   e q u i p m e n t   s u c h   a s  

w i n d e r s ,   u n w i n d e r s   ( c o l l e c t i v e l y   " s p o o l e r s " ) ,   p i n c h   r o l l s  

and  b r i d l e s .   The  a p p a r a t u s   i s   i n t e n d e d   to  be  i n c o r p o r a t e d  

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

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

or  o t h e r   member  t h a t   e n g a g e s   the   p r o d u c t ,   w h e t h e r   a  web  o r  

s t r a n d .   H y d r a u l i c   f l u i d   i s   d i r e c t e d   by  a  f e e d   l i n e   f rom  a  

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

d i r e c t i o n a l   v a l v e   c o n n e c t e d   to  t he   m o t o r .   F l u i d   e x i t i n g  

the   m o t o r   t h r o u g h   t h e   d i r e c t i o n a l   v a l v e   is   d i r e c t e d   b a c k  

to  t h e   power   s u p p l y   by  a  r e t u r n   l i n e .  



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

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

c o n n e c t e d   in  t he   f e e d   l i n e .   A  s e q u e n c e   v a l , ! e   l o c a t e d   i n  

t he   r e t u r n   l i n e   m a i n t a i n s   t he   p r e s s u r e   u p s t r e a m   of  t h e  

v a l v e   at   a  p r e d e t e r m i n e d   and  a d j u s t a b l e   v a l u e .   When  t h e  

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

j o g g i n g   mode,   t he   e n t i r e   o u t p u t   f l o w   f rom  the   m o t o r   i s  

d i r e c t e d   v i a   t h e   s e q u e n c e   v a l v e   to  t h e   s u p p l y .   When  t h e  

m o t o r   is  o p e r a t i n g   in  a  p a y - o u t   or  b r a k i n g   mode,   t he   m o t o r  

a c t s   as  a  pump.  In  t h i s   mode ,   t he   f l u i d   e x i t i n g   t h e   m o t o r  

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

r e t u r n   l i n e   and  t he   f e e d   l i n e .   The  r e g e n e r a t i o n   c i r c u i t  

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

of  t he   f l o w   f rom  t h e   r e t u r n   l i n e   back   to  t h e   f e e d   l i n e   t o  

c o n s e r v e   t he   f l u i d .   C a v i t a t i o n   is   p r e v e n t e d   u n d e r   b r a k i n g  

c o n d i t i o n s   by  c o n t i n u i n g   to  s u p p l y   a d d i t i o n a l   f l u i d   f r o m  

the   f e e d   l i n e   to  m a i n t a i n   a  p o s i t i v e   p r e s s u r e   at   t he   m o t o r  

i n l e t   at   a l l   t i m e s .   A  s m a l l e r   p o r t i o n   i s   d i r e c t e d   back   t o  

t he   power   s u p p l y .   The  r e g e n e r a t i o n   c i r c u i t   i n c l u d e s   a  

s e c o n d   a d j u s t a b l e   s e q u e n c e   v a l v e   s e t   a t   a  p r e s s u r e   l e s s  

t h a n   t h a t   of  t he   f i r s t   s e q u e n c e   v a l v e   and  a  c h e c k   v a l v e  

w h i c h   p r e v e n t s   a  f l ow  of  t h e   f l u i d   d i r e c t l y   f rom  t h e   f e e d  

l i n e   to  t he   r e t u r n   l i n e .   The  d i r e c t i o n a l   v a l v e   i s  

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

w i t h   f o r w a r d ,   r e v e r s e   and  n e u t r a l   p o s i t i o n s .  

An  e l e c t r o n i c   c o n t r o l   c i r c u i t   f o r   t he   p r o p o r t i o n a l  

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

a n a l o g   m u l t i p l i e r ,   a  d i o d e ,   and  a  l i n e a r   power   a m p l i f i e r .  

The  i n t e g r a t i n g   s e r v o - a m p l i f i e r   r e c e i v e s   t he   o u t p u t  

s i g n a l   f rom  a  t a c h o m e t e r   wh ich   m e a s u r e s   t he   a c t u a l   s p e e d  

of  r o t a t i o n   of  t he   m o t o r   and  an  e l e c t r i c a l   s p e e d   c o m m a n d  

s i g n a l   f rom  a  c o n t r o l l e r .   U n l e s s   t h e s e   s i g n a l s   a r e   t h e  



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

s i g n a l   u p w a r d s   or  d o w n w a r d s ,   d e p e n d i n g   upon  t h e   s i g n   o f  

the   e r r o r .   The  o u t p u t   s i g n a l   of  t he   i n t e g r a t i n g   a m p l i f i e r  

is  a p p l i e d   to  t h e   a n a l o g   m u l t i p l i e r   wh ich   a l s o   r e c e i v e s   a  

p r e s s u r e   l i m i t   command  s i g n a l   t h a t   is  p r o p o r t i o n a l   to  a  

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

f e e d   l i n e .   The  o u t p u t   of  t he   m u l t i p l i e r ,   w h i c h   w i l l  

c o r r e s p o n d   to  f r o m   0  to  1.0  t i m e s   the   maximum  p r e s s u r e  

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

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

m a g n i t u d e   to  o p e r a t e   t he   p r o p o r t i o n a l   a c t u a t o r   on  t h e  

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

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

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

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

In  a  p r e f e r r e d   fo rm  of  t h e   r e l a t e d   s y s t e m ,   t h e   s p e e d  

l i m i t ,   p r e s s u r e   l i m i t ,   and  d i s p l a c e m e n t   command  s i g n a l s ,  

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

a c t i n g   t h r o u g h   a  m u l t i - c h a n n e l   d i g i t a l - t o - a n a l o g  

c o n v e r t e r .   The  r o t a t i o n a l   s p e e d   f rom  the  t a c h o m e t e r   a n d  

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

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

c o m p u t e r   t h r o u g h   a  m u l t i - c h a n n e l   a n a l o g - t o - d i g i t a l  

c o n v e r t e r .   The  c o m p u t e r   a l s o   r e c e i v e s   command  s i g n a l s  

f rom  c o n v e n t i o n a l   m a n u a l l y   o p e r a t e d   s w i t c h e s   and  a  

k e y b o a r d   t e r m i n a l .   The  c o m p u t e r   can  e x e c u t e   a u t o m a t i c  

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

as  the   d i a m e t e r   of  a  c o i l   b e i n g   wound  on  t h e   s p o o l  

i n c r e a s e s   and  c o m p e n s a t i n g   f o r   t he   i n e r t i a   of  t h e   s p o o l e r  

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



The  r e l a t e d   s y s t e m   as  d e s c r i b e d   a b o v e ,   as  w e l l   as  t h e  

a p p a r a t u s   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 ,   i s   a l s o  

shown   and  d e s c r i b e d   in  c o - p e n d i n g   EP  0 1 0 7 9 5 9   A2,  to  w h i c h  

r e f e r e n c e   is   a c c o r d i n g l y   d i r e c t e d .  

For   a  b e t t e r   u n d e r s t a n d i n g   of  t he   p r e s e n t   i n v e n t i o n   and  t o  

show  how  t he   same  may  be  c a r r i e d   i n t o   e f f e c t ,   r e f e r e n c e  

w i l l   now  be  made,   by  way  of.  e x a m p l e . ,   to  the   a c c o m p a n y i n g  

d r a w i n g ,   in  wh ich   t h e   s i n g l e   F i g u r e   i s   a  s c h e m a t i c   d r a w i n g  

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

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

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

s t r a n d   b e i n g   wound  or  unwound   b e i n g   s u b s t a n t i a l l y  

c o n s t a n t .  

The  F i g u r e   shows  in  a  s c h e m a t i c   form  an  e l e c t r o h y d r a u l i c  

d r i v e   and  c o n t r o l   s y s t e m   104  w h i c h   c o n t r o l s   t h e   l i n e a r  

t r a v e r s e   of  a  s p o o l   16  a l o n g   i t s   a x i s   of  r o t a t i o n .   T h e  

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

wound  c o i l   of  a  s t r a n d   18  on  t he   s p o o l '   16  w i t h   a  

s u b s t a n t i a l l y   c o n s t a n t   p a s s l i n e   (when  v i e w e d   f rom  a b o v e )  

f o r   t he   s t r a n d   e n t e r i n g   or  l e a v i n g   the   s p o o l .   T h e  

t r a v e r s e   d r i v e   is  p o w e r e d   by  a  h y d r a u l i c   c y l i n d e r   106  

w h i c h   is   c o n n e c t e d   t h r o u g h   a  l i n k a g e   106a  to  main  b e a r i n g s  
108  t h a t   s u p p o r t   t h e   s p o o l   16.  The  c y l i n d e r   106  has   a  

s m a l l   o r i f i c e   ( n o t   shown)   t h r o u g h   i t s   p i s t o n   to  p r o v i d e  

d a m p i n g   and  f a c i l i t a t e   a i r   e l i m i n a t i o n .  

I n p u t   i n f o r m a t i o n   to  c o n t r o l   t he   o p e r a t i o n   of  the   c y l i n d e r  

is  p r o v i d e d   by  f o u r   t r a n s d u c e r s ;   a  t a c h o m e t e r   110  ( w h i c h  

may  be  one  wh ich   p r o d u c e s   an  a n a l o g   s i g n a l   t h a t   m e a s u r e s  

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



or  s h a f t   of  the   s p o o l   16  t h r o u g h   a  l i n k a g e   112;  a  l i n e a r  

p o s i t i o n   t r a n s d u c e r   114  t h a t   i n d i c a t e s   t h e   l a t e r a l  

p o s i t i o n   of  the   s p o o l   16;  a  l i n e a r   v e l o c i t y   t r a n s d u c e r   116  

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

s p o o l   16;  and  an  o p t i c a l   s e n s o r   118  t h a t   d e t e r m i n e s   t h e  

l a t e r a l   p o s i t i o n   of  t h e   s t r a n d   18  and  g e n e r a t e s   an  o u t p u t  

v o l t a g e   p r o p o r t i o n a l   to  t he   s e n s e d   p o s i t i o n .  

The  c y l i n d e r   106  is  s u p p l i e d   w i t h   o i l   by  a  h i g h   q u a l i t y  

s e r v o   v a l v e   136,  w h i c h   in  t u r n   o b t a i n s   i t s   c o n t r o l   s i g n a l  

f rom  one  of  two  s e r v o - a m p l i f i e r s   126  or  138  a c c o r d i n g   t o  

the   s t a t e   of  a  v e l o c i t y   r e l a y   142.  The  o u t p u t   s i g n a l   o f  

the   a m p l i f i e r   126  i s   a p p l i e d   to  t he   r e l a y   142  o v e r   l i n e  

150  and  the   o u t p u t   s i g n a l   of   the   a m p l i f i e r   138  i s   a p p l i e d  

to  t he   r e l a y   142  o v e r   l i n e   1 5 2 .  

The  a m p l i f i e r   138  i s   t he   p o s i t i o n   c o n t r o l   s e r v o - a m p l i f i e r ,  

w h i c h   is  u s e d   (a)  to  h o l d   t he   s p o o l   in  a  f i x e d   t r a v e r s e  

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

of  the   s p o o l ,   and  (c)   f o r   p a y o f f   o p e r a t i o n   u n d e r   t h e  

c o n t r o l   of  the   s t r i p   p o s i t i o n   s e n s o r   118.   R e l a y   144  i s  

the   p a y o f f   r e l a y ,   w h i c h   is   e n e r g i z e d   to  c o n n e c t   s e n s o r   1 1 8  

and  d e - e n e r g i z e d   to  c o n n e c t   the   s p o o l e r   p o s i t i o n   s e n s o r  

114  ( p o s i t i o n   s i g n a l   on  l i n e   1 2 7 ) .   The  o u t p u t   s i g n a l   o f  

the   v e l o c i t y   s e n s o r   116  is   c o n n e c t e d   v i a   l i n e   124  t o  

p r o v i d e   v e l o c i t y   c o m p e n s a t i o n   at   h i g h   p a y o f f   s p e e d s .   A 

p o s i t i o n   command  s i g n a l   o v e r   l i n e   154  f rom  an  e x t e r n a l  

s o u r c e   s u c h   as  a  c o m p u t e r   is   u s e d   f o r   m a n u a l   t r a v e r s e   o f  

the   s p o o l e r .   D u r i n g   p o s i t i o n   c o n t r o l   o p e r a t i o n ,   t h e  

a m p l i f i e r   138  w i l l   a d j u s t   t he   v a l v e   136  to  m i n i m i s e   t h e  

p o s i t i o n   e r r o r   of  t he   s t r i p   or  s p o o l .  



For  s t r i p   w i n d i n g ,   t he   v e l o c i t y   s e r v o - a m p l i f i e r   126  i s  

u s e d .   The  v e l o c i t y   command  is  o b t a i n e d   by  f i r s t   s c a l i n g  

t h e   s p o o l e r   t a c h o m e t e r   110  s i g n a l   by  a  p i t c h   p o t e n t i o m e t e r  

132,  c o r r e s p o n d i n g   to  t he   d e s i r e d   t r a v e r s e   p e r   r e v o l u t i o n .  

T h i s   s i g n a l   o v e r   l i n e   146,  wh ich   is  a l w a y s   p o s i t i v e ,   i s  

fed   i n t o   an  i n v e r t e r   c i r c u i t   140  c o n t r o l l e d   by  a  

c o m p a r a t o r   c i r c u i t   128.   The  c o m p a r a t o r   c i r c u i t   c o m p a r e s  

t he   a c t u a l   t r a v e r s e   p o s i t i o n   s i g n a l   127  w i t h   v a l u e s   s e t   o n  

t r a v e r s e   l i m i t s   p o t s   130  ( e x t e n d )   and  134  ( r e t r a c t )   a n d  

c a u s e s   a  c o n t r o l   s i g n a l   on  l i n e   148  to  c h a n g e   f rom  a  

l o g i c a l   "1"  ( e x t e n d )   to  a  l o g i c a l   "0"  ( r e t r a c t )   a t   t he   e n d  

of  each   c y c l e   and  b a c k   a g a i n .   The  i n v e r t e r   140  w i l l   t h e n  

e i t h e r   i n v e r t   t he   s i g n a l   on  the   l i n e   146  to  an  e q u a l  

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

on  a  l i n e   149.  A  v e l o c i t y   f e e d b a c k   s i g n a l   is   on  t h e   l i n e  

124.  For   h i g h   s p e e d   o p e r a t i o n ,   a  v e l o c i t y   d e r i v a t i v e   ( n o t  

shown)   may  be  a d d e d   to  i m p r o v e   p e r f o r m a n c e .  



1.  An  e l e c t r o h y d r a u l i c   d r i v e   and  c o n t r o l   a p p a r a t u s   f o r  

l i n e a r l y   t r a v e r s i n g   a  r o t a t a b l e   s p o o l   (16)   t h a t   w i n d s   a n d  

u n w i n d s   an  i n d e f i n i t e   l e n g t h   of  s t r a n d   m a t e r i a l   (18)   w i t h  

a  c o n s t a n t   p a s s l i n e   c o m p r i s i n g :  

an  h y d r a u l i c   c y l i n d e r   (106)   t h a t   d r i v e s   s a i d   s p o o l  

l i n e a r l y   a l o n g   i t s   a x i s   of  r o t a t i o n ,  

f i r s t   t r a n s d u c e r   means   (114)   fo r   s e n s i n g   t h e   p o s i t i o n  

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

s a i d   p o s i t i o n ,  

s e c o n d   t r a n s d u c e r   means   ( 1 1 6 )   f o r   s e n s i n g   t h e   l i n e a r  

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

i n d i c a t i v e   of  s a i d   v e l o c i t y ,  

t h i r d   t r a n s d u c e r   means  (110)   f o r   m e a s u r i n g   t he   s p e e d  

of  r o t a t i o n   of  s a i d   s p o o l   and  g e n e r a t i n g   an  o u t p u t   s i g n a l  

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

e l e c t r o n i c   c o n t r o l l e r   means  f o r   g e n e r a t i n g   a  c o n t r o l  

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

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

s a i d   t r a v e r s i n g   m o t i o n   and  the   p i t c h   of  s a i d   t r a v e r s i n g ,  

a n d  

a  h i g h   s p e e d   s e r v o - v a l v e   (136)   r e s p o n s i v e   to  t h e  

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

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



2.  A  d r i v e   and  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C la im   1 ,  

c h a r a c t e r i s e d   by  means   (118)   f o r   s e n s i n g   t h e   l a t e r a l  

p o s i t i o n   of  s a i d   s t r a n d   b e i n g   wound  o n t o   or  unwound  f r o m  

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

i n d i c a t i v e   of  s a i d   s t r a n d   p o s i t i o n .  

3.  A  d r i v e   and  c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  C la im   2 ,  

c h a r a c t e r i s e d   by  e l e c t r o n i c   means   ( 1 2 6 ,   138)  - f o r  

g e n e r a t i n g   a  c o n t r o l   s i g n a l   f o r   s a i d   s e r v o - v a l v e  

r e s p o n s i v e   to  s a i d   s t r a n d   p o s i t i o n   s i g n a l   and  s a i d   s p o o l  

v e l o c i t y   s i g n a l .  
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