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©  Electrohydraulic  drive  for  process  line  winders,  unwinders  and  other  equipment. 
©  An  electrohydraulic  drive  for  process  line  equipment,  spooler  under  the  co 
especially  a  spooler  that  winds  and  pays  out  an  indefinite  turn  is  controlled  b> 
length  of  metallic  strand,  varies  the  output  torque  of  a  and  rotation  speed  tr 
hydraulic  motor  by  controlling  its  displacement  and  the  transducer  for  the 
pressure  differential  between  its  inlet  and  outlet.  A  valve  circuitry, 
controlled  by  a  proportional  actuator  reduces  the  supply 
pressure  of  the  hydraulic  fluid  in  a  feed  line  for  the  motor.  A 
sequence  valve  located  in  a  return  line  from  the  motor  1  T̂g  1 
maintains  the  pressure  at  the  motor  outlet  at  a  preselected  et  P*""1̂  
and  adjustable  value.  During  braking,  fluid  from  the  return  ^ ^ " f S _ L n  
line  is  directed  to  a  regeneration  circuit  that  includes  a  flow  f  7* 
divider.  A  portion  of  the  flow  is  returned  to  the  feed  line  to  *»_  I 
conserve  the  fluid  flow.  Another  portion  is  returned  to  a 
supply  reservoir  for  cooling.  A  servo-amplifier  circuit  in-  _  
eludes  an  integrating  amplifier  that  compares  the  actual  M-y-¥~ 
rotation  speed  of  the  motor  to  a  speed  command  signal.  An  f  
analog  multiplier  produces  a  control  signal  for  the  propor-  (tV  —  I  /  
tional  actuator  that  is  the  scale  product  of  the  output  signal  of  es  \ /  
the  "speed"  amplifier  and  a  pressure  limit  signal.  In  the  /V»L 
preferred  form  a  tensiometer  monitors  strand  tension  and 
produces  an  input  signal  to  a  computer  that  modifies  the  s*  

_ r  
pressure  limit  signals.  The  computer  interfaces  with  other  Jt  j f(  
input  and  output  devices  and  also  controls  the  speed 
command  and  displacement  of  the  motor.  An  hydraulic 
cylinder  controls  the  linear  traversing  movement  of  the 

spooler  under  the  control  of  a  high  speed  servo  valve  that  in 
turn  is  controlled  by  electronic  circuitry.  Position,  velocity 
and  rotation  speed  transducers  for  the  spooler  and  a  position 
transducer  for  the  strand  provide  input  signals  to  the 
circuitry. 
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@ An  electrohydraulic  drive  for  process  line  equipment, 
especially  a  spooler  that  winds  and  pays  out  an  indefinite 
length  of  metallic  strand,  varies  the  output  torque  of  a 
hydraulic  motor  by  controlling  its  displacement  and  the 
pressure  differential  between  its  inlet  and  outlet.  A  valve 
controlled  by  a  proportional  actuator  reduces  the  supply 
pressure  of  the  hydraulic  fluid  in  a  feed  line  for  the  motor.  A 
sequence  valve  located  in  a  return  line  from  the  motor 
maintains  the  pressure  at  the  motor  outlet  at  a  preselected 
and  adjustable  value.  During  braking,  fluid  from  the  return 
line  is  directed  to  a  regeneration  circuit  that  includes  a  flow 
divider.  A  portion  of  the  flow  is  returned  to  the  feed  line  to 
conserve  the  fluid  flow.  Another  portion  is  returned  to  a 
supply  reservoir  for  cooling.  A  servo-amplifier  circuit  in- 
cludes  an  integrating  amplifier  that  compares  the  actual 
rotation  speed  of  the  motor  to  a  speed  command  signal.  An 
analog  multiplier  produces  a  control  signal  for  the  propor- 
tional  actuator  that  is  the  scale  product  of  the  output  signal  of 
the  "speed"  amplifier  and  a  pressure  limit  signal.  In  the 
preferred  form  a  tensiometer  monitors  strand  tension  and 
produces  an  input  signal  to  a  computer  that  modifies  the 
pressure  limit  signals.  The  computer  interfaces  with  other 
input  and  output  devices  and  also  controls  the  speed 
command  and  displacement  of  the  motor.  An  hydraulic 
cylinder  controls  the  linear  traversing  movement  of  the 

spooler  under  the  control  of  a  high  speed  servo  valve  that  in 
turn  is  controlled  by  electronic  circuitry.  Position,  velocity 
and  rotation  speed  transducers  for  the  spooler  and  a  position 
transducer  for  the  strand  provide  input  signals  to  the 
circuitry. 



T h i s   i n v e n t i o n   r e l a t e s   in  g e n e r a l   to  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 s   f o r   p r o c e s s   l i n e   e q u i p m e n t .   M o r e  

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

c o n t r o l   s y s t e m   p a r t i c u l a r l y   u s e f u l   f o r   a  s p o o l e r   ( 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 i n d s   and  p a y s   ou t   an  i n d e f i n i t e   l e n g t h   of  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   i s   in  t h e  

fo rm  of  a  m o v i n g   s t r a n d   or  web.   In  t h e   c a s e   of  a  s t r a n d ,  

i t   can  be  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   o f  

o t h e r   f o r m s .   P r o c e s s i n g   of  t h e   m a t e r i a l   o c c u r s   "on  t h e  

f l y "   as  i t   moves  t h r o u g h   t h e   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  the   p r o c e s s i n g   i s   c o m p l e t e ,   t h e   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   i s   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 .   R e g a r d l e s s   of  t h e   n a t u r e   of  t h e  

m a t e r i a l ,   i t s   f o rm ,   or  t h e   t y p e   of  p r o c e s s i n g ,   i t   i s  

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

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

Speed   c o n t r o l   is   i m p o r t a n t   b e c a u s e   d i f f e r e n t  

m a t e r i a l s   or  o p e r a t i o n s   may  r e q u i r e   d i f f e r e n t   s p e e d s .   A 

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

r a n g e   of  l i n e   s p e e d s ,   to  a d j u s t   t h e   l i n e   s p e e d ,   to  jog   a t  

s l ow   s p e e d s   ( w i t h   and  w i t h o u t   t e n s i o n   in  t he   s t r a n d ) ,   t o  

a c c e l e r a t e   and  d e c e l e r a t e ,   and  in  w i n d i n g   or  u n w i n d i n g   t o  

v a r y   t he   s t r a n d   s p e e d   as  a  f u n c t i o n   of  t he   c o i l   d i a m e t e r .  

T o r q u e   c o n t r o l   i s   a l s o   v e r y   i m p o r t a n t   in  e s t a b l i s h i n g   a  

c o r r e c t   d e g r e e   of  t e n s i o n   in  t h e   s t r a n d .   The  d r i v e   s y s t e m  

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



Line  s p e e d   and  a l l   f o l l o w i n g   s l a v e   d r i v e s   n o r m a l l y   need   t o  

o p e r a t e   in  a  t e n s i o n   c o n t r o l   mode  on  a  t a u t   s t r a n d .  

T e n s i o n   c o n t r o l   i s   i m p o r t a n t   f o r   many  r e a s o n s .   I f   i t  

is   t o o   h i g h ,   t he   s t r a n d   may  b r e a k   or  be  damaged .   If   i t   is   t o o  

s l a c k ,   v a r i o u s   o p e r a t i o n s   may  n o t   be  p e r f o r m e d   e f f e c t i v e l y   or  t h e  

s t r a n d   may  jump  o u t   of   g u i d e s ,   c a t c h   on  p r o j e c t i o n s ,   e t c .   I n  

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

s u b s t a n t i a l l y   c o n s t a n t   in  t h e   p r o c e s s i n g   l i n e ,   but   i t   is  o f t e n  

n e c e s s a r y   to  v a r y   t h e   t e n s i o n   a t   the   s p o o l e r   as  a  f u n c t i o n   of  t h e  

c o i l   d i a m e t e r   in  o r d e r   to   f o r m  a   good  c o i l .   Even  f o r   c o n s t a n t  

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

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

p r o d u c t s   or  f o r   o t h e r   r e a s o n s .  

A n o t h e r   i m p o r t a n t   r e q u i r e m e n t   is  t h a t   the   d r i v e   s y s t e m  

e x h i b i t   as  s m o o t h   a  t r a n s i t i o n   as  p o s s i b l e , a s   i t   a c c e l e r a t e s   o r  

d e c e l e r a t e s   b e t w e e n   d i f f e r e n t   s p e e d s   or  r e s t .   A  d i s c o n t i n u o u s ,  

j e r k y   t r a n s i t i o n   can   b r e a k   t h e   s t r a n d   or  i n t r o d u c e   v a r i a t i o n s   i n  

t h e   t e n s i o n   w h i c h   a d v e r s e l y   a f f e c t   the   q u a l i t y   of  the   p r o d u c t .   A 

c o n t r o l l e d   e m e r g e n c y   s t o p   c a p a b i l i t y   is  a l s o   i m p o r t a n t .   T h e s e  

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

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

f u l l   c o i l   can  w e i g h   up  to   many  t o n s ,   l i n e   s p e e d s   can  be  q u i t e  
914  m e t r e s  

h i g h   (up  to   (3 ,000   f e e t ) p e r   m i n u t e )   and  r o t a t i o n   of  the   c o i l   a t  

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

In  t he   p a s t ,   a  wide   v a r i e t y   of  d r i v e s   and  c o n t r o l s   h a v e  

b e e n   u s e d   f o r   w i n d e r s ,   u n w i n d e r s ,   and  o t h e r   l i n e   d r i v e   e l e m e n t s  

s u c h   as  p i n c h   r o l l s   and  b r i d l e s .   Known  s y s t e m s   have  u s e d  A C  

m o t o r s ,   DC  m o t o r s ,   and  h y d r a u l i c   m o t o r s   as  the   f i n a l   d r i v e  



e l e m e n t .   D r i v e   c o n t r o l   m e c h a n i s m s   have  i n c l u d e d   a d j u s t a b l e  

b r a k e s ,   v a r i a b l e   c l u t c h e s ,   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 s ,   as  w e l l   as  m e c h a n i c a l   and  h y d r a u l i c   t r a n s m i s s i o n s ,   a n d  

v a r i a b l e   v o l t a g e ,   c u r r e n t ,   a n d / o r , f r e q u e n c y   to  e l e c t r i c   m o t o r s .  

U .S .   P a t e n t   No.  3 , 0 5 3 , 4 6 8   to   2 e r n o v   e t   a l ,   f o r   e x a m p l e ,  

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

s e n s e s   t he   d i a m e t e r   of  the   r o l l   b e i n g   wound  to  c o n t r o l   t h e   r a t e  

of  r o t a t i o n   of  t he   d r i v e .   U.S .   P a t e n t   No.  2 , 6 7 7 , 0 8 0   d e s c r i b e s  

t h e   c o n t r o l   of  a  h y d r a u l i c   m o t o r   or  pump  t h r o u g h   a  b a l a n c i n g   o f  

t h e   h y d r a u l i c   f l u i d   p r e s s u r e   a g a i n s t   a  s e t   p r e s s u r e .   U .S .   P a t e n t  

Nos.   2 , 9 6 0 , 2 7 7   and  2 , 5 7 3 , 9 3 8   d i s c l o s e   a  s o l e n o i d   o p e r a t e d   d i r e c -  

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

s y s t e m   in  r e s p o n s e   to   an  e l e c t r i c a l   s i g n a l .   U .S .   P a t e n t   N o .  

2 , 9 8 8 , 2 9 7   d e s c r i b e s   a  p n e u m a t i c   s y s t e m   f o r   c o n t r o l l i n g   a  s l i p  

c l u t c h   in  t h e   d r i v e   t r a i n   of  a  s p o o l e r .   U.S .   P a t e n t   N o .  

3 , 7 8 4 , 1 2 3   d e s c r i b e s   a  h y d r a u l i c   s y s t e m   where   a  m e c h a n i c a l   s y s t e m  

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

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

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

h y d r a u l i c   m o t o r   o p e r a t i n g   at   a  c o n s t a n t   p r e s s u r e   to  v a r y   the   o u t -  

p u t   t o r q u e .   T h i s   p a t e n t   a l s o   d i s c u s s e s   many  of  t h e   d e f i c i e n c i e s  

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

h y d r a u l i c   or  e l e c t r i c a l .  

O f t e n   known  d r i v e   s y s t e m s   f o r   w i n d e r s   and  o t h e r   p r o c e s s  

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

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

( " d r i v e " ) .   H o w e v e r ,   t h i s   d r i v e   is  l a r g e ,   c o m p l e x ,   a n d  

c o m p a r a t i v e l y   c o s t l y .   In  o p e r a t i o n ,   i t   c a n n o t   m a i n t a i n   a  l a r g e  .  



s t a l l   t e n s i o n   i n d e f i n i t e l y   ( e v e n   w i t h   an  e x p e n s i v e   c o o l i n g  

s y s t e m ) ,   i t   c a n n o t   make  a  s m o o t h ,   s t e p l e s s   t r a n s i t i o n   f r o m  

m o t o r i n g   t o   b r a k i n g ,   and  i t   does   no t   p o s s e s s   e x t r a   b r a k i n g   t o r q u e  

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

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

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

a  s t e p p e d ,   j o l t i n g   t r a n s i t i o n   b e t w e e n   m o t o r i n g   and  b r a k i n g   a n d  

b e t w e e n   d i f f e r e n t   s p e e d   and  t e n s i o n   s e t t i n g s   on  the   f l y ,   a n  

i n a b i l i t y   to   b r a k e   s u d d e n l y   w i t h o u t   j o l t s ,   and  a  l i m i t a t i o n   as  t o  

t h e   c o n t r o l s   t h a t   can   i n t e r f a c e   w i t h   t he   s y s t e m .   A l s o ,   k n o w n  

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

s p e e d   c o n t r o l   and  t e n s i o n   c o n t r o l   m o d e s .   A l s o ,   most   h y d r a u l i c  

s y s t e m s   a re   c o m p a r a t i v e l y   c o s t l y   and  c o m p l e x .  

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

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

3 t h e r   p r o c e s s   l i n e   e q u i p m e n t   t h a t   o p e r a t e s   o v e r   a  wide  r a n g e   o f  

s p e e d s   and  t e n s i o n s   and  in  a  v a r i e t y   of  modes  w h i l e   a t   t h e   s a m e  

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

b e t w e e n   m o t o r i n g   and  b r a k i n g ,   and  b e t w e e n   s p e e d   and  t e n s i o n  

c o n t r o l .  

A n o t h e r   o b j e c t   of  the   i n v e n t i o n   is  to   p r o v i d e   a  s y s t e m  

w i t h   t he   f o r e g o i n g   a d v a n t a g e s   t h a t   a l s o   b r a k e s   s m o o t h l y   a n d  

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

s t o p   even   when  t h e   s y s t e m   is  d r i v i n g   a  h i g h   i n e r t i a   l o a d .  

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

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

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

i n e r t i a .  



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

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

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

and  a  v a r i e t y   of  t r a n s d u c e r s .  

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

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

an  i n d e f i n i t e   p e r i o d   of  t i m e .  

And  s t i l l   a n o t h e r   o b j e c t   of  t he   i n v e n t i o n   is  to   p r o v i d e  

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

d u r i n g   w i n d i n g   and  a c c o m m o d a t e s   f o r   t he   s y s t e m   i n e r t i a   on  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   to   m a i n t a i n   a  d e s i r e d   t e n s i o n   l e v e l   i n  

t h e   m a t e r i a l .  

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

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

s m a l l   number   of  c o m p o n e n t s ,   has  a  r e l a t i v e l y   u n c o m p l i c a t e d  

d e s i g n ,   and  has  a  c o m p a r a t i v e l y   m o d e r a t e   c o s t   as  c o m p a r e d   t o  

known  d r i v e   and  c o n t r o l   s y s t e m s .  

A  s t i l l   f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   is  to  p r o v i d e  

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   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 he   s t r a n d   b e i n g   wound  or  payed   ou 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 .  

The  p r e s e n t   i n v e n t i o n   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   s y s t e m   f o r   p r o c e s s   l i n e   e q u i p m e n t   such   as  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   a n d  

b r i d l e s .   The  s y s t e m   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   m e m b e r  



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

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   the   d i r e c t i o n a l   v a l v e   i s  

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

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  the   f e e d   l i n e .   A  s e q u e n c e  

v a l v e   l o c a t e d   in  t he   r e t u r n   l i n e   m a i n t a i n s   the   p r e s s u r e   u p s t r e a m  

of  t he   v a l v e   a t   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   is   " 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   or  j o g g i n g  

mode ,   the   e n t i r e   o u t p u t   f l ow  f rom  t he   m o t o r   is   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  the   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 h e   m o t o r   a c t s   as  a  pump.  In  t h i s   m o d e ,  

t h e   f l u i d   e x i t i n g   t he   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  the   f e e d   l i n e .   T h e  

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 ow  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 ow  f rom  t he   r e t u r n   l i n e   back  to  t h e  

f e e d   l i n e   to   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  

t h e   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   a t   t he   m o t o r   i n l e t  

a t   a l l   t i m e s .   A  s m a l l e r   p o r t i o n   is   d i r e c t e d   back  to  t he   p o w e r  

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   at  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   wh ich   p r e v e n t s   a  f low  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 .   T h e  

d i r e c t i o n a l   v a l v e   is   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   the   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 ,   an  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 .   T h e  

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

m o t o r   and  an  e l e c t r i c a l   s p e e d   command  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 re   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   of  t he   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 he   a n a l o g   m u l t i p l i e r   w h i c h   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 ,   wh ich   w i l l   c o r r e s p o n d   to   f rom  0  t o  

1 . 0  t i m e s   the   maximum  p r e s s u r e   s e t t i n g ,   is  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   power   a m p l i f i e r   wh ich   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 he   d i s p l a c e m e n t   o f  

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   f o r m ,   t he   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  t h e  

t a c h o m e t e r   and  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 he   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 .   T h e  

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  t he   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  the   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  s y s t e m   a l s o   i n c l u 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   f o r   a  s p o o l e r   t h a t   t r a v e r s e s   t h e   s p o o l e r   w i t h  

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

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

t h e   s p o o l e r .   The  v e l o c i t y   and  d i r e c t i o n   of  movement   o f  

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

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

e l e c t r i c a l   c o n t r o l   s i g n a l   f rom  a  s e r v o - a m p l i f i e r .   T h e  

s e r v o - a m p l i f i e r   r e c e i v e s   i n f o r m a t i o n   f rom  a  s p o o l e r  

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

t a c h o m e t e r .   A d j u s t a b l e   e l e c t r i c a l   c o n t r o l s   s e t   t h e   l i m i t s  

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

In  p a y o f f   mode  o p e r a t i o n ,   a  s t r i p   p o s i t i o n   s e n s o r   s e n d s   a  

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

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

t r a v e r s e   to   k e e p   t h e   s t r i p   c e n t e r e d   on  t h e   p o s i t i o n  

s e n s o r .  

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   b y  

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

b i - d i r e c t i o n a l   r o t a t i o n   of  a  s p o o l e r   or  o t h e r   p r o c e s s   l i n e  

e q u i p m e n t ;  

F i g .   2  i s   a  s c h e m a t i c   d r a w i n g   s h o w i n g   t h e   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   of  F i g .   1  w i n d i n g   a  

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

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

s i g n a l s   f o r   t h e   e l e c t r o n i c   c i r c u i t   c o m p o n e n t   shown  in  F i g .  
1 ;   a n d  



F i g .   3  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   s y s t e m   a c c o r d i n g   to   t h i s   i n v e n t i o n   f o r   t r a v e r s -  

ing  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   the   l a t e r a l  

p o s i t i o n   of  the   s t r a n d   b e i n g   w o u n d  o r   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 .  

F i g s .   1  and  2  show  an  e l e c t r o h y d r a u l i c   d r i v e   a n d  

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

14  t h a t   has   a  v a r i a b l e   d i s p l a c e m e n t .   The  m o t o r   14  can  be  of  t h e  

a x i a l   p i s t o n   t y p e   w i t h   an  a d j u s t a b l e   s w a s h p l a t e .   D e p e n d i n g   u p o n  

t h e   r e l a t i v e   f l u i d   p r e s s u r e s   a p p l i e d   to   i t s   i n l e t   14a  and  o u t l e t  

L4b,  t h e   m o t o r   can  f u n c t i o n   as  e i t h e r   a  m o t o r   or   a  pump.  T h e  

r o t o r   14  i s   c o n n e c t e d   to  d r i v e   a  s p o o l   16  t h r o u g h   a  w i n d i n g   a r b o r  

L7  e i t h e r   d i r e c t l y   or  t h r o u g h   a  c o n v e n t i o n a l   s p e e d   r e d u c e r   s u c h  

as  a  g e a r b e l t   ( n o t   s h o w n ) .   The  d r i v e ,   t r a n s m i s s i o n   and  s p o o l  

w i l l   be  r e f e r r e d   to  h e r e i n   c o l l e c t i v e l y   as  t h e   " s p o o l e r " ,   w h e t h e r  

i t   is   u s e d   f o r   w i n d i n g   or  u n w i n d i n g .   As  shown  in  F i g .   2,  t h e  

s p o o l   16  i s   r o t a t i n g   in  a  c l o c k w i s e   d i r e c t i o n   to   wind  a  n a r r o w  

s t r a n d   18  of  m e t a l   such   as  c o p p e r   or  b r o n z e   as  i t   l e a v e s   a  

p r o c e s s i n g   l i n e   at   t he   l i n e   s p e e d .   Whi l e   t he   m a t e r i a l   can  b e  

n o n - m e t a l l i c   and  in  the   form  of  a  wide  web,  f o r   s i m p l i c i t y   t h e  

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

s t r a n d .   The  r a t i o   of  the   d i a m e t e r   of  the   empty   s p o o l   to  t h a t   o f  

a  f u l l   c o i l   19  wound  on  the   s p o o l   16  can  v a r y   f rom  u n i t y   to  m o r e  

t h a n   12  to   1.  A  f u l l y   c o i l e d   s p o o l   can  t y p i c a l l y   c a r r y   up  to   6 

t o n s   of  m e t a l l i c   s t r a n d .   To  a c c o m m o d a t e   a  s low  jog  as  w e l l   as  a  

h i g h   s p e e d   r u n n i n g   mode,  the   s p o o l e r   s h o u l d   o p e r a t e   f rom  0  to   1 2 5  

rpm,  or  f a s t e r ,   d e p e n d i n g   upon  r e q u i r e m e n t s .  



T u r n i n g   to   F i g .   1,  t he   h y d r a u l i c   s y s t e m   i n c l u d e s   a  

h y d r a u l i c   f l u i d   s u p p l y   20  t h a t   p r o v i d e s   a  v a r i a b l e   v o l u m e   of  t h e  

h y d r a u l i c   f l u i d   ( " o i l " )   a t   a  s u b s t a n t i a l l y   c o n s t a n t   s u p p l y  

p r e s s u r e .   The  s u p p l y   20  can  be  a  r e s e r v o i r   t h a t   s u p p l i e s   a  

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

a c c u m u l a t o r   on  t h e   d i s c h a r g e   s i d e .   A  f eed   l i n e   22  c o n d u c t s   t h e  

o i l   f rom  t he   s u p p l y   20  to   the   m o t o r   14.  A  c e n t r a l   f e a t u r e   o f  

t h i s   i n v e n t i o n   is   a  p r e s s u r e   r e d u c i n g   v a l v e   24  c o n n e c t e d   in  t h e  

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

p r o p o r t i o n a l   a c t u a t o r   30  such   as  a  t o r q u e   m o t o r   or  a  p r o p o r t i o n a l  

s o l e n o i d .   The  v a l v e   24  m a i n t a i n s   a  c o n s t a n t   p r e s s u r e   in  t h e  

d o w n s t r e a m   f e e d   l i n e   22  r e g a r d l e s s   of  the   f low  r a t e   of  t h e  

h y d r a u l i c   f l u i d   t h r o u g h   the   v a l v e .   The  p r e s s u r e   v a r i e s   g e n e r a l l y  
7  

l i n e a r l y   f rom  a  low  v a l u e   such   a 7kg/cm2 (100 psi) to  a p p r o x i m a t e l y   t h e  

s u p p l y   p r e s s u r e   of  t he   s o u r c e   20  as  a  f u n c t i o n   of  t he   a m p l i t u d e  

of  t h e   c o n t r o l   s i g n a l   a p p l i e d   o v e r   a  l i n e   2 8  t o   t he   p r o p o r t i o n a l - -  

a c t u a t o r   3 0 .  

The  m o t o r   14  i s   r e v e r s i b l e   and  a c t s   as  a  m o t o r   or  a  

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

i n l e t   and  o u t l e t   p o r t s   14a  and  14b,   and  a  d i r e c t i o n a l   v a l v e   26  

t h a t   c o n t r o l s   t he   o i l   f l ow  d i r e c t i o n   t h r o u g h   t h e  m o t o r .   T h e  

v a l v e   26  i s   p r e f e r a b l y   a  f o u r - w a y ,   t h r e e - p o s i t i o n   v a l v e   o p e r a t e d  

by  d o u b l e   s o l e n o i d s .   In  one  p o s i t i o n   the   v a l v e   26  p r o v i d e s   a  

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

d i r e c t i o n   and  h e n c e   t he   d i r e c t i o n   of  r o t a t i o n .   In  a  n e u t r a l  

p o s i t i o n   shown  in  F i g .   1,  t he   h y d r a u l i c   l i n e s   to  and  f rom  t h e  

m o t o r   14  a r e   i n t e r c o n n e c t e d   a t   t he   v a l v e   26.  T h i s   p u t s   a  z e r o  

p r e s s u r e   d i f f e r e n t i a l   a c r o s s   t he   m o t o r   14  w h i c h   is  u s e f u l   f o r  

m a n u a l   r o t a t i o n   of  t he   s p o o l e r .   H y d r a u l i c   f l u i d   e x i t i n g   t h e  



m o t o r   14  t h r o u g h   the   o u t l e t   14b  and  t h e   v a l v e   26  is   c a r r i e d   by  a  

r e t u r n   l i n e   32  back  to  the   r e s e r v o i r   or  t a n k   f e e d i n g   the   s u p p l y  

2 0 .  

A  s e q u e n c e   v a l v e   34  c o n n e c t e d   in  the   r e t u r n   l i n e   3 2  

l i m i t s   the   p r e s s u r e   in  t he   r e t u r n   l i n e   32  u p s t r e a m   of  t he   v a l v e  

to   a  f i x e d   v a l u e   t h a t   is  i n d e p e n d e n t   of  t he   f low  r a t e   of  t he   o i l .  

The  s e t   v a l u e   of  the   s e q u e n c e   v a l v e   is  a d j u s t a b l e   by  a  m a n u a l  

s c r e w   38.  Oi l   d i s c h a r g e d   from  t he   v a l v e   34  is   at  s u b s t a n t i a l l y  

z e r o  p r e s s u r e   and  f l o w s   to  the   s u p p l y   2 0 .  

A  " r e g e n e r a t i o n "   c i r c u i t   40  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   32  and  the   f e ed   l i n e   22  i s   a n o t h e r   s i g n i f i c a n t  

f e a t u r e   of  t h i s   i n v e n t i o n .   I t   p r o v i d e s   a  f low  p a t h   f o r   t h e  

h y d r a u l i c   f l u i d   from  t he   l i n e   32  t o   t h e   l i n e   22  d u r i n g   b r a k i n g .  

The  c i r c u i t   40  i n c l u d e s   a  s e q u e n c e   v a l v e   42  wh ich   is  a d j u s t a b l e  

v i a   a  m a n u a l   s c r e w   44,   a  f low  d i v i d e r   48  and  a  check   v a l v e   5 2 .  

The  s e q u e n c e   v a l v e   42  l i m i t s   the   u p s t r e a m   p r e s s u r e   in  l i n e   46  t o  

a  v a l u e   l o w e r   t h a n   the   s e t   p r e s s u r e   of  t h e   s e q u e n c e   v a l v e   3 4 .  

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

p o s i t i v e - d i s p l a c e m e n t   f l u i d   d i v i d e r   48  w h i c h   d i r e c t s   a  

s u b s t a n t i a l   p o r t i o n   of  t he   f low  t h r o u g h   l i n e   50  and  the   c h e c k  

v a l v e   52  to  the   f e e d   l i n e   22.  A  s m a l l e r   p o r t i o n   of  t he   f l o w ,  

t y p i c a l l y   o n e - q u a r t e r ,   is  d i r e c t e d   v i a   l i n e   54  to   the   r e s e r v o i r  

or   t ank   of  the   s u p p l y   20.  The  m a g n i t u d e   of  t he   f low  t h r o u g h   t h e  

l i n e   50  c o n s e r v e s   o i l   f low  from  t he   s u p p l y   20.  The  r e m a i n i n g  

f l u i d   r e q u i r e m e n t   d u r i n g   b r a k i n g   is  s u p p l i e d   t h r o u g h   v a l v e   2 4 ,  

w h i c h   w i l l   n e v e r   a l l o w   the   p r e s s u r e   in  l i n e   22  to  f a l l   b e l o w  
7 k g / e m 2  

about   (100   psi) ,   t h u s   p r e v e n t i n g   any  p o s s i b i l i t y   of  m o t o r - d a m a g i n g  

c a v i t a t i o n .   The  h y d r a u l i c   f l u i d   dumped  i n t o   the   l i n e   54  i s  

s u f f i c i e n t   to  c o o l   t he   mo to r   14  d u r i n g   b r a k i n g .  



The  m o t o r   14  h a s   a  d i s p l a c e m e n t   p e r   r e v o l u t i o n   w h i c h  

may  be  c o n t i n u a l l y   v a r i e d   d u r i n g   o p e r a t i o n .   V a r i a t i o n   of  t h e  

d i s p l a c e m e n t   a n d / o r   t h e   p r e s s u r e   d i f f e r e n c e   a c r o s s   the  m o t o r   14  

d e t e r m i n e s   the   t o r q u e   d e v e l o p e d   by  the   m o t o r .   The  d i s p l a c e m e n t  

of  the   m o t o r   14  is   c o n t r o l l e d   by  a  p r o p o r t i o n a l   a c t u a t o r   56  w h i c h  

l i k e  t h e   a c t u a t o r   30  i s   c o n t r o l l e d   by  a  r e m o t e   e l e c t r i c a l   s i g n a l  

c a r r i e d   on  a  l i n e   58.   The  a c t u a t o r   56  may  a l s o   be  a  t o r q u e   m o t o r  

or   a  p r o p o r t i o n a l   s o l e n o i d .   P r e f e r a b l y   the   m o t o r   14  is   one  w h o s e  

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

f o r   e x a m p l e   312  to   1,  w h i l e   t h e   m o t o r   is  in  o p e r a t i o n .  

Wi th   r e f e r e n c e   t o   F i g .   1,  an  e l e c t r o n i c   s e r v o - a m p l i f i e r  

c i r c u i t   i n d i c a t e d   g e n e r a l l y   by  r e f e r e n c e   n u m e r a l   60  i s   a n o t h e r  

s i g n i f i c a n t   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n .   I t   r e c e i v e s   i n p u t s ,  

t y p i c a l l y   in  t he   fo rm  of  DC  v o l t a g e s ,   from  t h r e e   s o u r c e s ,   a n d  

p r o d u c e s   as  an  a n a l o g   o u t p u t   t h e   c o n t r o l   s i g n a l   o n . l i n e   28  f o r  

t h e   a c t u a t o r   30.  One  i n p u t   i s   an  a n a l o g   s i g n a l   p r o d u c e d   by  a  

t a c h o m e t e r   61  t h a t   m e a s u r e s   t h e   a c t u a l   s p e e d   of  r o t a t i o n   of  t h e  

m o t o r   14.  A n o t h e r   i n p u t   on  l i n e   62  i s   a  s p e e d   l i m i t   c o n t r o l  

s i g n a l   w h i c h   is   g e n e r a t e d   by  a  c o n t r o l l e r   ( i n   the   p r e f e r r e d   f o r m ,  

a  c o m p u t e r   92  and  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   98  

as  shown  in  F i g .   2 ) .   A  p r e s s u r e   l i m i t   command  s i g n a l   is   a p p l i e d  

o v e r   l i n e   64  to   t h e   c i r c u i t r y   60.   The  p r e s s u r e   l i m i t   command  

p r o v i d e s   an  e l e c t r i c a l   s i g n a l   t h a t   is  p r o p o r t i o n a l   to  t he   d e s i r e d  

maximum  p r e s s u r e   in  t h e   f e e d   l i n e   22  d o w n s t r e a m   of  the   p r e s s u r e  

r e d u c i n g   v a l v e   2 4 .  

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   66  r e c e i v e s   t he   o u t p u t  

s i g n a l   of  t h e   t a c h o m e t e r   61  c a r r i e d   on  l i n e   68  and  the   s p e e d  

l i m i t   command  c a r r i e d   on  l i n e   62.   An  RC  l o o p   70  p r o v i d e s   t h e  



f e e d b a c k   wh ich   a l l o w s   t he   a m p l i f i e r   66  to  o p e r a t e   as  a n  

i n t e g r a t o r .   In  o p e r a t i o n ,   the   s e r v o - a m p l i f i e r   66  w i l l   i n t e g r a t e  

t o w a r d s   a  s a t u r a t i o n   v o l t a g e   ( e . g .   +10  v o l t s   or  -10   v o l t s  

d e p e n d i n g   on  the   d i r e c t i o n   of  r o t a t i o n   of  t he   m o t o r   14)  w h e n e v e r  

t h e r e   is  a  d i f f e r e n c e   in   t he   s i g n a l s   on  t he   l i n e s   68  and  62.  I f  

t h e r e   is   a  l a r g e   d i f f e r e n c e   in  t h e s e   s i g n a l s ,   t he   a m p l i f i e r   66  

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

w h e r e a s   i f   t he   s i g n a l s   d i f f e r   by  a  s m a l l   amount   t he   a m p l i f i e r   66  

w i l l   i n t e g r a t e   l e s s   r a p i d l y .   When  the   s i g n a l s   a r e   e q u a l ,   t h e  

l o u t p u t   on  l i n e   72  w i l l   r e m a i n   c o n s t a n t .   The  s i g n a l   72  i s  

p r o p o r t i o n a l   to  a  f r a c t i o n   ( r a n g i n g   in  a b s o l u t e   v a l u e   f rom  0  t o  

1 . 0 )   of  t he   p r e s s u r e   l i m i t   to  be  u s e d .  

The  o u t p u t   s i g n a l   of  the   a m p l i f i e r   66  i s   a p p l i e d   o v e r  

l i n e   72  to   an  a n a l o g   m u l t i p l i e r   74  which   a l s o   r e c e i v e s   t h e  

p r e s s u r e   l i m i t   command  s i g n a l   c a r r i e d   on  the   l i n e   64.  T h e  

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

t h a t   r a p i d l y   ( l i m i t e d   in  s p e e d   by  t h e  r e a c t i o n   t i m e   of  v a l v e   2 4 )  

b r i n g s   t he   p r e s s u r e   in  t h e   f e e d   l i n e   22  to   t he   a p p r o p r i a t e   v a l u e  

c o r r e s p o n d i n g   to  the   p r e s s u r e   l i m i t   command  s i g n a l   m u l t i p l i e d   b y  

t h e   0  to   1 .0  m u l t i p l i e r   on  l i n e   72.  The  o u t p u t   s i g n a l   of  t h e  

a n a l o g   m u l t i p l i e r   74  i s   s u p p l i e d   t h r o u g h   a  d i o d e   76  t h a t  

e l i m i n a t e s   n e g a t i v e   p r o d u c t s   ( s i n c e   o i l   p r e s s u r e   is  a l w a y s  

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

to  a  l i n e a r   power   a m p l i f i e r   78  i n c l u d i n g   an  a s s o c i a t e d   r e s i s t i v e  

f e e d b a c k   loop   80.  The  power   a m p l i f i e r   78  p r o d u c e s   an  e l e c t r i c a l  

c o n t r o l   s i g n a l   on  the   l i n e   28  of  s u f f i c i e n t   v o l t a g e   and  c u r r e n t  

m a g n i t u d e s   to  o p e r a t e   t h e   p r o p o r t i o n a l   a c t u a t o r   3 0 .  

With  r e f e r e n c e   to  F ig .   2,  the   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   12  d e s c r i b e d   above  w i t h   r e f e r e n c e   to  F i g .   1  i s  



d e l i n e a t e d   by  d a s h e d   l i n e s .   The  r e m a i n i n g   c o m p o n e n t s   show  a  p r e -  

f e r r e d   a r r a n g e m e n t   f o r   g e n e r a t i n g   t he   command  s i g n a l s   f o r   s p e e d ,  

p r e s s u r e   and  m o t o r   d i s p l a c e m e n t   on  l i n e s   62,  64  and  58,  r e s p e c t -  

i v e l y .   As  n o t e d   a b o v e ,   t he   r o t a t i o n a l   s p e e d   of  t he   m o t o r   14  i s  

m e a s u r e d   by  t h e   t a c h o m e t e r   61.  The  o u t p u t   s i g n a l   of  the   t a c h o -  

m e t e r   i s   a p p l i e d   b o t h   to  the   c i r c u i t r y   60  o v e r   l i n e   68  and  to  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   82  o v e r   l i n e   69.  T h i s  

c o n v e r t e r   a l s o   r e c e i v e s   an  i n p u t   f rom  a  t e n s i o m e t e r   84  w h i c h  

o p r a t e s   in  c o n j u n c t i o n   w i t h   two  f i x e d   p a s s l i n e   r o l l s   86,  86'  t h a t  

a r e   n e a r   t h e   t e n s i o m e t e r   and  o p p o s e   a  r o l l e r   84a  a s s o c i a t e d   w i t h  

t h e   t e n s i o m e t e r .   The  r o l l e r s   84a ,   86  and  86'   a l l   e n g a g e   t h e  

s t r a n d   18 .   The  f o r c e   on  t he   r o l l e r   84a  is  p r o p o r t i o n a l   to   t h e  

t e n s i o n   in   t h e   s t r a n d   and  is   c o n v e r t e d   by  t h e   t e n s i o m e t e r   84  i n t o  

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

l i n e   88  to   t h e   c o n v e r t e r   82.  D i g i t a l   r e p r e s e n t a t i o n s   of  t h e  

s t r a n d   t e n s i o n   and  t h e   r o t a t i o n a l   s p e e d   a r e   a p p l i e d   o v e r   l i n e   90  

t o   t h e   c o m p u t e r   92.  The  c o m p u t e r   a l s o   r e c e i v e s   i n p u t s   from  a n  

o p e r a t o r   s w i t c h   s t a t i o n   94  and  a  v i d e o   k e y b o a r d   t e r m i n a l   96.  T h e  

s w i t c h   s t a t i o n   94  i n c l u d e s   m a n u a l   o p e r a t i n g   s w i t c h e s   to  c o n t r o l  

o n - o f f ,   f o r w a r d ,   r e v e r s e ,   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   of  t h e  

l i n e ,   and  t o   v a r y   t he   t e n s i o n   in  t he   s t r a n d .   The  t e r m i n a l   9 6  

a l l o w s   an  o p e r a t o r   to  s e t   t he   o p e r a t i n g   p a r a m e t e r s   f o r   the   s y s t e m  

s u c h   as  t h e   l i n e   s p e e d   or  t e n s i o n   to   be  m a i n t a i n e d   in  t he   s t r a n d  

18,   or  a l l o w s   an  i n p u t   of  i n f o r m a t i o n   c o n c e r n i n g   the   n a t u r e   o f  

t h e   s t r a n d   18  b e i n g   p r o c e s s e d   such   as  i t s   c r o s s - s e c t i o n a l   s h a p e ,  

d i m e n s i o n a l   m a t e r i a l   in  t he   form  of  p a c k a g i n g   d e s i r e d ,   i . e .   t h e  

a m o u n t   of  s t r a n d   to   be  wound  o n t o   the   s p o o l   16.   D u r i n g   t h e  

s p o o l i n g   o p e r a t i o n ,   t he   c o m p u t e r   92  can  i n c l u d e   an  i n t e r n a l  

p r o g r a m   f o r   t a p e r i n g   t he   s t r a n d   t e n s i o n   ( i . e .   r e d u c i n g   t e n s i o n   a s  



t h e   d i a m e t e r   i n c r e a s e s )   to   p r o d u c e   a  c o i l   on  the   s p o o l   16  t h a t   i s  

n e a t l y   wound  w i t h o u t   d a m a g e .  

O u t p u t   c o n t r o l   s i g n a l s   g e n e r a t e d   by  the   c o m p u t e r   92  a r e  

d i r e c t e d   to  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   98  t h a t  

has  ( a t   l e a s t )   t h r e e   o u t p u t   c h a n n e l s .   As  n o t e d   a b o v e ,   t he   o u t p u t  

s p e e d   l i m i t   command  s i g n a l   is  a p p l i e d   ove r   l i n e   62,  t he   o u t p u t  

p r e s s u r e   l i m i t   command  s i g n a l   is  a p p l i e d   o v e r   l i n e   64  and  a  m o t o r  

d i s p l a c e m e n t   c o n t r o l   s i g n a l   is  a p p l i e d   ove r   l i n e   58.  A  l i n e a r  

a m p l i f i e r   100  c o n n e c t e d   in  l i n e   58  p r o d u c e s   a  c o n t r o l   s i g n a l  

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

t h e   p r o p o r t i o n a l   a c t u a t o r   56.  The  c o m p u t e r   92  a l s o   g e n e r a t e s   a n  

o u t p u t   to  a  v i d e o   d i s p l a y   102  w h i c h   p r o v i d e s   the   o p e r a t o r   w i t h   a  

r e a d o u t   of  t he   c u r r e n t   o p e r a t i n g   c o n d i t i o n s   of  the   s y s t e m   such   a s  

t h e   l i n e   s p e e d ,   s t r a n d   t e n s i o n   and  the  q u a n t i t y   of  s t r a n d   w o u n d  

o n t o   the   s p o o l   1 6 .  

F i g .   3  shows  in  a  s c h e m a t i c   form  a n o t h e r   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  wh ich   c o n t r o l s   t he   l i n e a r  

t r a v e r s e   of  t he   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 .   The  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   o f  

t he   s t r a n d   18  on  the   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   from  above )   f o r   the   s t r a n d   e n t e r i n g   o r  

l e a v i n g   the   s p o o l .   The  t r a v e r s e   d r i v e   is  powered   by  a  h y d r a u l i c  

c y l i n d e r   106  wh ich   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  m a i n  

b e a r i n g s   108  t h a t   s u p p o r t   t he   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   (no 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   the   o p e r a t i o n   of  t h e  

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  



i s   u s u a l l y   t he   t a c h o m e t e r   61  of  F i g s .   1  and  2)  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  t h e   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   the   l a t e r a l   p o s i t i o n   o f  

t h e   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 he   s p o o l   161  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  the   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  i s   s u p p l i e d   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   1 3 6 ,   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 r o m  

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

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   of  t he   a m p l i f i e r   126  i s  

a p p l e d   to  t h e   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   o f  

t h e   a m p l i f i e r   138  i s   a p p l i e d   to   t h e   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  1 3 8   i s   t h e   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 ,   wh ich   i s   u s e d   (a)  to   ho ld   t h e   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  t h e   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  t he   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  is   t h e  

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   118  a n d  

d e - e n e r g i z e d   t o   c o n n e c t   t h e   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   of  t he   v e l o c i t y   s e n s o r  

116  i s   c o n n e c t e d   v i a   l i n e   124  to   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   a t  

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 r o m  

an  e x t e r n a l   s o u r c e   s u c h   as  t h e   c o m p u t e r   is  u sed   f o r   m a n u a l  

t r a v e r s e   of  t h e   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   v a l v e   136  to  m i n i m i z e   the   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   1 3 2 ,  

c o r r e s p o n d i n g   to  the   d e s i r e d   t r a v e r s e   pe 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   a n  

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   on  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 )   and  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 r o m  

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   the   end  o f  

e a c h   c y c l e   and  back  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 h e   s i g n a l   on  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  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  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  added   to  i m p r o v e  

p e r f o r m a n c e .  

A  t y p i c a l   c y c l e   of  o p e r a t i o n   of  the   s p o o l e r   shown  i n  

F i g s .   1  and  2  w i l l   i n c l u d e   (1)  m a n u a l l y   moving   t h e   m a c h i n e   t o  

s e c u r e   t he   s t r a n d   to  t he   s p o o l ,   (2)  j o g g i n g   the   s p o o l e r   and  t h e  

s t r a n d   a t   a  s low  f o r w a r d   s p e e d   w i t h o u t   t e n s i o n   in  t he   s t r a n d ,  

(3)  e s t a b l i s h i n g   and  h o l d i n g   a  s t a l l   t e n s i o n ,   (4)  a c c e l e r a t i n g   t o  

a  r u n n i n g   s p e e d ,   (5)  m a i n t a i n i n g   a  r u n n i n g   mode,   (6)  d e c e l e r a t -  

i n g ,   and  (7)  s t o p p i n g   w i t h   a  s t a l l   t e n s i o n .   The  f o l l o w i n g  

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

i l l u s t r a t e   t he   o p e r a t i o n   and  f l e x i b i l i t y   of  t he   p r e s e n t  

i n v e n t i o n .   In  t h i s   d i s c u s s i o n   t he   s u p p l y   20  is   a s s u m e d   to  be  a t  

a  s u b s t a n t i a l l y   c o n s t a n t   p r e s s u r e   of 211kg/cm2 (3,000  psi) ,   t h e   s e q u e n c e  

v a l v e   34  i s   set at 56kg/cm2 (800k psi)and  the   s e q u e n c e   v a l v e   42  in  t h e  

r e g e n e r a t i o n   c i r c u i t   is   s e t   at 52.7kg/cm2(750 psi).  The  s y s t e m   w i l l   o p e r a t e  

w i t h   a  wide  v a r i e t y   of  o t h e r   p r e s s u r e   s e t t i n g s .  



M a n u a l   r o t a t i o n   is  p o s s i b l e   by  p l a c i n g   the   v a l v e   26  i n  

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

a p p l y i n g   a  z e r o   v o l t a g e   o v e r   t he   l i n e   28  to   p r o d u c e   a  min imum 

p r e s s u r e   in   t h e   f e e d   l i n e   22.  Unde r   t h e s e   c o n d i t i o n s ,   the   m o t o r  

14  and  s p o o l   16  can  be  r o t a t e d   m a n u a l l y   in  e i t h e r   d i r e c t i o n .  

To  move  from  m a n u a l   r o t a t i o n   to   j o g g i n g   w i t h o u t   t e n s i o n  

in  t h e   s t r a n d   m a t e r i a l ,   t h e   v a l v e   26  i s   moved  to   a  p o s i t i o n   a s s o -  

c i a t e d . w i t h   a  f o r w a r d   r o t a t i o n   of  t he   m o t o r   14.   The  t o r q u e   r a n g e  

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

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

p u t e r   92  a c t i n g   t h r o u g h   t h e   a m p l i f i e r   100  and  t h e   p r o p o r t i o n a l  

a c t u a t o r   56 .   The  c o m p u t e r   a l s o   g e n e r a t e s   t he   d e s i r e d   jog  s p e e d  

l i m i t   command  to   t he   l i n e   62.   For   e x a m p l e ,   t h e   DC  v o l t a g e   s p e e d  

l i m i t   s i g n a l   can   c o r r e s p o n d   to   10  rpm.  F i n a l l y ,   t he   c o m p u t e r  

g e n e r a t e s   a  p r e s s u r e   l i m i t   command  s i g n a l   a p p l i e d   to  the  l i n e   6 4 .  

G i v e n   t h e   p r e s s u r e   v a l u e s   n o t e d   a b o v e ,   an  a p p r o p r i a t e   p r e s s u r e  

l i m i t   command  m i g h t   b e  9 8 . 4   k g / c m 2   (1400   p s i ) .  

B e c a u s e   the   d r i v e   is  i n i t i a l l y   a t   r e s t ,   the   t a c h o m e t e r  

61  p r o d u c e s   no  v o l t a g e   on  t he   l i n e   68.  As  a  r e s u l t ,   t h e  

a m p l i f i e r   66  r a p i d l y   i n t e g r a t e s   u p w a r d l y - w h i c h   c a u s e s   t he   o u p u t  

s i g n a l   on  t h e   l i n e   28  to   a l s o   i n c r e a s e   r a p i d l y   f rom  z e r o .   T h i s  

c a u s e s   a  c o r r e s p o n d i n g   i n c r e a s e   in  t he   p r e s s u r e   in  the   f e ed   l i n e  

22  as  s e t   by  t h e   v a l v e   24  u n t i l   t he   p r e s s u r e   is  s u f f i c i e n t l y   i n  
56  k ,g /cm2 

e x c e s s   of  t h e   s e t t i n g   of  t he   s e q u e n c e   v a l v e   3 4   ( 8 0 0   p s i )   to   o v e r -  

come  t h e   b r e a k a w a y   f r i c t i o n   of  t he   d r i v e   s y s t e m .   In  p r a c t i c e   t h e  

d r i v e   w i l l   b e g i n   to  r o t a t e   when  the   p r e s s u r e   in  t he   f eed   l i n e  
7 7 . 3   k g / c m 2  

r e a c h e s   t y p i c a l l y   ( 1 , 1 0 0   p s i ) .   Once  r o t a t i o n   b e g i n s ,   an  o u t p u t  

v o l t a g e   g e n e r a t e d   by  t h e   t a c h o m e t e r   a p p e a r s   on  t he   l i n e   6 8 .  



Assuming   t h a t   t h e   i n e r t i a   of  the   d r i v e   s y s t e m   is  l a r g e ,   w h i c h   i s  

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

d r i v e   a c c e l e r a t e s   to  the   s e l e c t e d   j o g   s p e e d .   D u r i n g   t h i s   t i m e ,  

the   o u t p u t   of  t he   a m p l i f i e r   66  w i l l   c o n t i n u e   to  i n c r e a s e   and  may  

r e a c h   i t s   s a t u r a t i o n   v a l u e   of  100%.  T h i s   w i l l   c a u s e   t he   p r e s s u r e  
9 8 . 4   k g / c m 2  

in  the  f e ed   l i n e   22  to  r e a c h   the   p r e s s u r e   l i m i t   s e t t i n g   o f   ( 1 , 4 0 0  

p s i ) d u r i n g   the   a c c e l e r a t i o n   to  t he   j o g g i n g   s p e e d .   H o w e v e r ,   o n c e  

the   s e l e c t e d   jog  s p e e d   is  e x c e e d e d ,   t he   a m p l i f i e r   66  w i l l  

i n t e g r a t e   r a p i d l y   d o w n w a r d l y   and  the   p r e s s u r e   in  t he   f e e d   l i n e  

w i l l   be  r e d u c e d   to  a  v a l u e   wh ich   w i l l   m a i n t a i n   t he   jog  s p e e d   o f  

a p p r o x i m a t e l y   10  rpm.  A  t y p i c a l   f e e d   l i n e   p r e s s u r e   v a l u e   f o r  
6 6 . 8   k g / c m 2  

t h i s   jog  s p e e d   i s  ( 9 5 0   psi) .   In  t h i s   s t e a d y   s t a t e   c o n d i t i o n ,   t h e  

p r e s s u r e   d i f f e r e n c e   a c r o s s   the   motor is 40.8kg/cm2 (150 pis) 66.8-56(950-800).  T h e  

o u t p u t   t o r q u e   of  t he   m o t o r   14  i s   t h e r e f o r e   c o m p a r a t i v e l y   s m a l l .  

F r e q u e n t l y ,   t he   j o g g i n g   mode  of  o p e r a t i o n   is  u s e d   t o  

wind  s l a c k   m a t e r i a l .   Once  t he   s l a c k   i s   wound,   h o w e v e r ,   t h e  

s t r a n d   w i l l   s u d d e n l y   become  t a u t .   I t   is  c l e a r l y   i m p o r t a n t   t h a t  

t h i s   s u d d e n   t r a n s i t i o n   f rom  a  s l a c k   s t a t e   to   a  t a u t   s t a t e   d o e s  

no t   j e r k   the   m a t e r i a l   w i t h   s u f f i c i e n t   f o r c e   to  b r e a k   or  d a m a g e  

i t .   I t   is  u s u a l l y   a l s o   d e s i r a b l e   to  be  a b l e   to  m a i n t a i n   t h e  

m a t e r i a l   in  a  t a u t   c o n d i t i o n   w i t h o u t   m o v e m e n t .   The  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   12  of  the   p r e s e n t   i n v e n t i o n  

a c h i e v e s   t h e s e   o b j e c t i v e s   as  f o l l o w s .   The  jog  s p e e d   is  s e l e c t e d  

so  t h a t   the   momentum  of  the   s p o o l   and  i t s   d r i v e   is  m o d e r a t e .  

A l s o ,   d u r i n g   j o g g i n g   the   t o r q u e   ( w h i c h   is  d e t e r m i n e d ,   f o r   a n y  

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

h y d r a u l i c   m o t o r   14)  is   c o m p a r a t i v e l y   s m a l l .   B e c a u s e   of  t h e s e  

c o n d i t i o n s ,   when  the   m a t e r i a l   becomes   t a u t ,   the   s p e e d   of  t h e  

w i n d e r   s u d d e n l y   d r o p s   to  z e r o .   H o w e v e r ,   the   i n t e g r a t i n g  



a m p l i f i e r   66  w i l l   s m o o t h l y   i n t e g r a t e   u p w a r d l y   c a u s i n g   t h e  

p r e s s u r e   in  the   f e e d   l i n e   22  to   i n c r e a s e   f rom  t he   j o g g i n g  
6 6 . 8   k g / c m 2  

p r e s s u r e  ( 9 5 0   p s i )   to   t h e   v a l u e   s e t   by  the   p r e s s u r e   l i m i t  

command,   in  t h i s   case 98.4kg/cm2 (1,400.  psi) .   The  p r e s s u r e   in  t he   r e t u r n   l i n e  

w i l l   r e m a i n   at 56kg/cm2 (800 psi)  p s i )  a s   s e t   by  t he   s e q u e n c e   v a l v e   34  so  t h a t - a  

42.4kg/cm2 (600  p s i ) p r e s s u r e   d i f f e r e n c e   is  c r e a t e d   and  m a i n t a i n e d   a c r o s s   t h e  

m o t o r   w i t h o u t   any  r o t a t i o n .   Th i s   p r e s s u r e   d i f f e r e n c e   c r e a t e s   t h e  

d e s i r e d   s t a l l   t e n s i o n .   A  s m a l l   l e a k a g e   f l ow  of  t he   h y d r a u l i c  

f l u i d   t h r o u g h   t he   v a l v e s   and  the   mo to r   is  ( i n d i c a t e d   by  t h e  

d a s h e d   l i n e s   in  F i g .   1)  p r o v i d e s   the   r e q u i r e d   c o o l i n g .   A 

s i g n i f i c a n t   a d v a n t a g e   of  t h i s   i n v e n t i o n   is   t h a t   t h e   s t a l l   t e n s i o n  

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

and  may  be  q u i t e   l a r g e   when  so  d e s i r e d .  

To  a c c e l e r a t e   t h e   s t r a n d   m a t e r i a l   from  r e s t   to  a  

d e s i r e d   r u n n i n g   s p e e d ,   i t   is  n e c e s s a r y   to  s e t   t he   s p e e d   l i m i t  

command  on  t h e   l i n e   62  a t   a  v a l u e   l a r g e r   t h a n   t he   l i n e   s p e e d   a n d  

b e g i n   to   move  m a t e r i a l   a l o n g   t he   l i n e   from  i t s   s o u r c e .   B e c a u s e  

t h e   l i n e   s p e e d   i s   d e t e r m i n e d   by  the   o t h e r   e q u i p m e n t   in  t he   p r o -  

c e s s i n g   l i n e   and  is   h e l d   a t   a  v a l u e   l e s s   t h a n   t he   s p e e d   l i m i t  

command  v a l u e ,   t h e   a m p l i f i e r   66  r e m a i n s   s a t u r a t e d   a t ,   f o r  

e x a m p l e ,   +10  v o l t s   o u t p u t ,   c o r r e s p o n d i n g   to   100%.  The  o u t p u t  

t o r q u e   of  t h e   e l e c t r o h y d r a u l i c   d r i v e   s y s t e m   12  is   t h e n   d e t e r m i n e d  

by  the   p r e s s u r e   l i m i t   command  on  the  l i n e   64.  The  n e t   e f f e c t   i s  

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

s p e e d   t h a t   m a t c h e s   t h e   l i n e   s p e e d ,   but   at  a  t e n s i o n   d e t e r m i n e d   by  

t he   p r e s s u r e   d i f f e r e n t i a l   a c r o s s   the   mo to r   14  ( a s s u m i n g   t h a t   t h e  

d i s p l a c e m e n t   of  t h e   m o t o r   is   no t   changed   d u r i n g   a c c e l e r a t i o n ) .  

As  an  a d d e d   d e g r e e   of  p r e c i s i o n   in  the   c o n t r o l ,   t he   c o m p u t e r   9 2  

can  be  p r o g r a m m e d   to  i n c r e a s e   t he   v a l u e   of  the   p r e s s u r e   l i m i t  



command  on  t h e   l i n e   64  d u r i n g   a c c e l e r a t i o n  t b   c o m p e n s a t e   f o r   t h e  

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

m a i n t a i n s   a  g e n e r a l l y   c o n s t a n t   t e n s i o n   in  t he   s t r a n d   m a t e r i a l   a s  

i t   is  b e i n g   a c c e l e r a t e d   f rom  r e s t   t o   a  s t e a d y   s t a t e   r u n n i n g  

s p e e d .  

To  p l a c e   the   d r i v e   s y s t e m   in  a  r u n n i n g   mode  f o r   w i n d i n g  

the   s t r a n d   18,   the   s p e e d   l i m i t   command  is  s e t   s l i g h t l y   above   t h e  

l i n e   s p e e d   and  the   p r e s s u r e   l i m i t   command  is   p r e f e r a b l y   v a r i e d   i n  

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

fo rmed   on  t h e   s p o o l   16.  A g a i n ,   w i t h   the   s p e e d   l i m i t   command 

s l i g h t l y   a b o v e   t h e   l i n e   s p e e d ,   t he   a m p l i f i e r   66  w i l l   r e m a i n  

s a t u r a t e d .   H o w e v e r ,   i f   t he   m a t e r i a l   b r a k e s   or   o t h e r w i s e   l o s e s  

i t s   b a c k - t e n s i o n ,   the   a c t u a l   s p e e d   of  the   w i n d e r   w i l l   q u i c k l y  

e x c e e d   t he   s e t   s p e e d   l i m i t   command.  In  t h i s   s i t u a t i o n   the   s p e e d  

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

d e c r e a s e s   t he   l i n e   p r e s s u r e   in  t he   f e ed   l i n e   22  to   a  l o w e r   v a l u e  

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

the   s y s t e m   12  t h e r e f o r e   l i m i t s   t he   " r u n a w a y "   s p e e d   of  t he   w i n d e r .  

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

command  is   no t   c r i t i c a l ;   i t   is  on ly   n e c e s s a r y   t h a t   i t   be  s l i g h t l y  

g r e a t e r   t h a n   the   l i n e   s p e e d .  

As  n o t e d   a b o v e ,   t he   p r e s s u r e   l i m i t   command  may  b e  

v a r i e d   a t   w i l l   d u r i n g   the   r u n n i n g   mode.  V a r i a t i o n s   can  be  i n  

r e s p o n s e   to  a  v a r i e t y   of  i n p u t s ,   e i t h e r   m a n u a l   ones   f rom  t h e  

o p e r a t o r   s w i t c h   s t a t i o n   94  or  t he   v i d e o   k e y b o a r d   t e r m i n a l   96,   o r  

a u t o m a t i c   o n e s   in  r e s p o n s e   to  s e n s e d   s t r a n d   t e n s i o n   f rom  t r a n s -  

d u c e r s   such   as  the   t e n s i o m e t e r   82,  a  t r a n s d u c e r   t h a t   d i r e c t l y  

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



o n l y   memory  or   s o f t w a r e   p r o g r a m   in  t he   c o m p u t e r   92  d e s i g n e d   t o  

v a r y   t h e   s t r a n d   t e n s i o n   as  a  f u n c t i o n   of  t he   c o i l   d i a m e t e r .   C o i l  

d i a m e t e r   is   r e a d i l y   c a l c u l a t e d   by  the   c o m p u t e r   f rom  t h e  

t a c h o m e t e r   61  and  a  l i n e   s p e e d   t r a n s d u c e r   ( n o t   s h o w n ) .  

]  The  d i s p l a c e m e n t   of  t he   mo to r   14  i s   g e n e r a l l y   m a i n -  

t a i n e d   a t   a  c o n s t a n t   v a l u e   d u r i n g   the   r u n n i n g   mode.  H o w e v e r  

p r i o r   to   a  c y c l e   of  o p e r a t i o n ,   the   d i s p l a c e m e n t   is  u s u a l l y   p r e -  

s e t ,   p r i m a r i l y   as  a  f a c t o r   of   t he   c r o s s - s e c t i o n a l   d i m e n s i o n s   o f  

t h e   s t r a n d   m a t e r i a l   and  t h e   l i n e   s p e e d .   For   e x a m p l e ,   s m a l l   t o  

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

d u c e d   a t   h i g h   s p e e d .   For  t h e s e   a p p l i c a t i o n s   t h e   mo to r   d i s p l a c e -  

men t   s e t   by  a  c o n t r o l   s i g n a l   on  the   l i n e   58  w i l l   u s u a l l y   be  at  a  

min imum  v a l u e   to  r e d u c e   t h e   a p p l i e d   t o r q u e ,   i n c r e a s e   h o r s e p o w e r  

e f f i c i e n c y ,   m i n i m i z e   the   a m o u n t   of  h y d r a u l i c   f l u i d   consumed ,   a n d  

to   i m p r o v e   t h e   s e n s i t i v i t y   of  t he   t e n s i o n   c o n t r o l   of  the   s y s t e m .  

On  t h e   o t h e r   hand ,   o t h e r   p r o d u c t s   r e q u i r e   medium  to  l a r g e   t e n -  

s i o n s   and  g r e a t e r   o u t p u t   t o r q u e s   from  the   m o t o r .   In  t h e s e  

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

v a l u e .  

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

p r e s s u r e   l i m i t   command  to   m a i n t a i n   the   d e s i r e d   l e v e l   of  t e n s i o n  

in  t h e   s t r a n d .   As  w i t h   a c c e l e r a t i o n ,   an  i n e r t i a   c o m p e n s a t i o n  

i n c r e m e n t   may  be  s u b t r a c t e d   f rom  the   p r e s s u r e   l i m i t   command 

s i g n a l   in  t h e   same  m a n n e r   d e s c r i b e d   above  w i t h   r e s p e c t   to  t h e  

a c c e l e r a t i o n   i n c r e m e n t .   A  s p e c i a l   t e c h n i q u e   i s   e m p l o y e d ,  

h o w e v e r ,   f o r   r a p i d   d e c e l e r a t i o n   p a r t i c u l a r l y   f o r   an  e m e r g e n c y  

s t o p   f rom  a  h i g h   o p e r a t i n g   s p e e d   w i th   a  h i g h   i n e r t i a   l oad   (many  

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



To  p r o d u c e   t h i s   r a p i d   d e c e l e r a t i o n ,   t he   p r e s s u r e   l i m i t  

command  is  r a p i d l y   r e d u c e d   and  the   m o t o r   d i s p l a c e m e n t   i s  

i n c r e a s e d .   For  a  maximum  r a t e   s t o p ,   the   p r e s s u r e   l i m i t   command  

is   r e d u c e d   to   z e r o   and  the   m o t o r   d i s p l a c e m e n t   is  i n c r e a s e d   to  i t s  

maximum  v a l u e .   T h e s e   c h a n g e s   c a u s e   the   p r e s s u r e   in  the  f e e d   l i n e  
:  7  k g / e m 2  

22  to   d rop   to   a p p r o x i m a t e l y   ( 1 0 0   psi) .   The  s u b s t a n t i a l   i n e r t i a   o f  

t he   w i n d e r   is  now  u sed   to  d r i v e   t he   h y d r a u l i c   m o t o r   14  as  a  p u m p .  

A  f l u i d   p r e s s u r e   d rop   in  the   f e e d   g e n e r a t e d   by  the   pumping  a c t i o n  

o p e n s   the   check   v a l v e   52  and  a l l o w s   o i l   to  f low  t h r o u g h   t h e  
5 2 . 7   k g / c m 2  

r e g e n e r a t i o n   c i r c u i t ,   s e t   a t  ( 7 5 0   psi) .   ( N o t e ,   t he   s e t   p r e s s u r e   o f  

t h e   s e q u e n c e   v a l v e   42  in  t he   r e g e n e r a t i o n   c i r c u i t   is   l e s s   t h a n  

t h a t   of  t he   s e q u e n c e   v a l v e   3 4 . )   The  f l u i d   f low  from  the   m o t o r   14  

t h e r e f o r e   p a s s e s   t h r o u g h   t he   f l o w   d i v i d e r   48,  p r e f e r a b l y   a  r o t a r y  

t y p e   d i v i d e r ,   wh ich   d i v e r t s   a p p r o x i m a t e l y   o n e - q u a r t e r   of  t h e  

i n p u t   f low  to  a  s u p p l y   t a n k   f o r   t he   power   s o u r c e   20  a n d  

t h r e e - q u a r t e r s   of  the   f l ow  to  t he   f e ed   l i n e   22.  As  a  r e s u l t ,  

much  of  the   o i l   f low  n e e d e d   f o r   the   m o t o r   14  i s   s u p p l i e d   by  t h e  

r e g e n e r a t i o n   c i r c u i t   40.  T h i s   is  i m p o r t a n t   s i n c e   a  f a i l u r e   t o  

s u p p l y   a l l   of  t he   h y d r a u l i c   f l u i d   r e q u i r e d  b y   t he   mo to r   w o u l d  

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

r e q u i r e d   f low  to  t he   m o t o r   14  i s   s u p p l i e d   t h r o u g h   the   v a l v e   2 4 .  

T h i s   o i l   f low  a l s o   c o m p e n s a t e s   f o r   a l l   t he   l e a k a g e   f l o w s   in  t h e  
7  k g / c m 2  

s y s t e m .   The  p r e s s u r e   in  t he   f e e d   l i n e   r e m a i n s   at   a p p r o x i m a t e l  

(100  p s i ) t h r o u g h o u t   t h e   d e c e l e r a t i o n   ( b r a k i n g ) .   The  d i v e r s i o n   o f  

o n e - q u a r t e r   of  the   r e t u r n   l i n e   f l u i d   to  t he   s u p p l y   20  p r o v i d e s  

the   n e c e s s a r y   h e a t   d i s s i p a t i o n   f o r   the   s y s t e m   d u r i n g   the   b r a k i n g .  

The  r e g e n e r a t i o n   c i r c u i t   is  a l s o   i m p o r t a n t   b e c a u s e   the   v a l v e   24  

is   no t   s i z e d   to  s u p p l y   a l l   of  t he   f l u i d   f low  r e q u i r e m e n t s   of  t h e  

m o t o r   14  d u r i n g   t h i s   r a p i d   d e c e l e r a t i o n   when  the   speed   is   v e r y  



h i g h   and  t h e r e   is  an  a c c o m p a n y i n g   i n c r e a s e   in  the   m o t o r  

d i s p l a c e m e n t   to  i t s   f u l l   v a l u e .  

Once  the   s p o o l e r   has   d e c e l e r a t e d   to  a  s t o p   the  p r e s s u r e  

l i m i t   command  w i l l   m a i n t a i n   a  s t a l l   t e n s i o n   on  the   s t r a n d   18  i n  

t h e   same  manne r   as  d e s c r i b e d   above   w i t h   r e s p e c t   to  a  s t a l l   w i t h  

t e n s i o n   p r i o r   to  a c c e l e r a t i o n .   To  r e l a x   t h i s   t e n s i o n   t h e  

p r e s s u r e   f rom  t he   l i m i t   command  is   s e t   to  z e r o   and  the   v a l v e   2 6  

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

h y d r a u l i c   l i n e s .   T h i s   s i t u a t i o n   is   a n a l o g o u s   to  the   i n i t i a l  

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

s p o o l e r .  

Whi l e   t h e   f o r e g o i n g   c y c l e   of  o p e r a t i o n   has  been  l i m i t e d  

t o   o p e r a t i n g   t he   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   12  a n d  

t h e   s p o o l e r   16  in  a  w i n d i n g   mode,   t h e   same  e q u i p m e n t   can  a l s o   b e  

u s e d  a s   a n  u n w i n d e r   or   " p a y o f f "   d r i v e .   In  g e n e r a l ,   the   h y d r a u l i c  

m o t o r   14  d u r i n g   u n w i n d i n g   or   p a y o f f   o p e r a t e s   most   of  the   t i m e   a s  

a  pump  and  t he   r e g e n e r a t i o n   c i r c u i t   is  u s e d   to  p r o v i d e   t h e  

n e c e s s a r y   o i l   f l ow  t o   t he   i n l e t   14a  and  to   c o o l   t he   s y s t e m .   A 

d e s i r e d   b a c k - t e n s i o n   on  t h e   s t r a n d   18  b e i n g   p a i d   o f f   is  s e t   b y  

g e n e r a t i n g   a  p r e s s u r e   l i m i t   command  wh ich   is  below  the   v a l u e  

w h i c h   would  c a u s e   t h e   d r i v e   to   m o t o r   in  t h e   f o r w a r d   d i r e c t i o n   ( i n  
6 6 . 8   k g / c m 2  

t h e   f o r e g o i n g   e x a m p l e - ( 9 5 0   p s i ) ) .   B a c k - t e n s i o n   can  a l s o   b e  

i n c r e a s e d   by  i n c r e a s i n g   t h e   d i s p l a c e m e n t   of  the   m o t o r .   T h e r e f o r e  

a d j u s t m e n t   of  t h e   p r e s s u r e   l i m i t   command  and  the   m o t o r  

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

t h e   b a c k - t e n s i o n   o f  t h e   m a t e r i a l   b e i n g   p a i d   o f f .   As  w i l l   b e  

e v i d e n t ,   a  f o r w a r d   jog   and  r e v e r s e   m o t o r i n g   a re   a l s o   r e a d i l y  

p r o v i d e d   when  t h e   s y s t e m   is   o p e r a t i n g   in  t he   p a y o f f   m o d e .  



The  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   12  

d e s c r i b e d   a b o v e   has  a  m a j o r   a d v a n t a g e   o v e r   known  s y s t e m s   in  t h a t  

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

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

l i n e  2 8   to   a  p r e s s u r e   c o n t r o l l i n g   v a l v e   24.   In  p a r t i c u l a r ,   t h e r e  

a r e   no  o n - o f f   v a l v e s   t h a t   a re   s w i t c h e d   d u r i n g   r o t a t i o n   which   c a n  

p r o d u c e   s h o c k s   or  d i s c o n t i n u i t i e s   in  the   t e n s i o n   c o n t r o l .   O t h e r  

s i g n i f i c a n t   a d v a n t a g e s ,   as  n o t e d   a b o v e ,   a r e   t h a t   t he   s a m e  

e q u i p m e n t   can  be  used   b o t h   f o r   w i n d i n g   and  u n w i n d i n g , f o r  

c l o c k w i s e   and  c o u n t e r c l o c k w i s e   r o t a t i o n ,   t he   s y s t e m   is  a d a p t a b l e  

to   m e e t   a  w i d e   r a n g e   of  o p e r a t i n g   c r i t e r i a ,   i t   can   m a i n t a i n   a  

s t a l l   c o n d i t i o n   w i t h   t e n s i o n   f o r   an  i n d e f i n i t e   p e r i o d ,   and  i t   h a s  

a  r a p i d   e m e r g e n c y   b r a k i n g   c a p a b i l i t y ,   even   w i t h   t h e   v e r y   l a r g e  

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

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

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

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

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

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

as  p o t e n t i o m e t e r s ,   r e l a y   c i r c u i t s ,   e x t e r n a l   a m p l i f i e r s ,  

t r a n s d u c e r s ,   o r ,   as  d e s c r i b e d ,   a  c o m p u t e r   w h i c h   r e c e i v e s   i n p u t s  

f rom  m a n u a l   c o n t r o l s   and  a  v a r i e t y   of  t r a n s d u c e r s .  

I t   is  a l s o   s i g n i f i c a n t   to  n o t e   t h a t   w h i l e   t he   d r i v e   a n d  

c o n t r o l   s y s t e m   in  t he   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d   in  i t s  

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

in  p r o c e s s i n g   l i n e s   to  d r i v e   o t h e r   e q u i p m e n t   s u c h   as  b r i d l e s ,  

p i n c h   r o l l s ,   h e l p e r   r o l l s ,   s l i t t e r s ,   and  l i k e   e q u i p m e n t   where   i t  

is   i m p o r t a n t   to  p r o v i d e   a  d i f f e r e n t i a l   i n . t h e   t e n s i o n   in  t h e  

m a t e r i a l   l o c a t e d   u p s t r e a m   and  d o w n s t r e a m   of  t h e   e q u i p m e n t .  



W h i l e   t h i s   i n v e n t i o n   has  been   d e s c r i b e d   w i t h   r e s p e c t   t o  

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

m o d i f i c a t i o n s   and  v a r i a t i o n s   w i l l   o c c u r   to  t h o s e   s k i l l e d   in  t h e  

a r t   f rom  t h e   f o r e g o i n g   d e s c r i p t i o n   and  the   a c c o m p a n y i n g   d r a w i n g s .  

Such   m o d i f i c a t i o n s   and  v a r i a t i o n s   a re   i n t e n d e d   to   f a l l   w i t h i n   t h e  

s c o p e   of  t he   a p p e n d e d   c l a i m s .  



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   s y s t e m   f o r   a  

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

t e n s i o n   in  an  i n d e f i n i t e   l e n g t h   of  m a t e r i a l   in  a  p r o c e s s  
l i n e ,   c o m p r i s i n g :  

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

p r e s s u r e   and  v a r i a b l e   f l o w   r a t e ,  

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   c o n n e c t e d   to  s a i d   r o t a t i n g   member  and  h a v i n g   a n  

i n l e t   and  an  o u t l e t   f o r   s a i d   f l u i d ,  

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

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

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

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

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

a t   a  p r e s s u r e   l e s s   t h a n   s a i d   s u p p l y   p r e s s u r e ,  

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

an  a d j u s t a b l e   f i x e d   p r e s s u r e   in  s a i d   r e t u r n   l i n e ,  

a  h y d r a u l i c   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  

s a i d   f e e d   l i n e   and  s a i d   r e t u r n   l i n e   and  o p e r a b l e   when  s a i d  

m o t o r   b r a k e s ,   a n d  

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   t h a t   p r o d u c e s   an  o u t p u t  

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

c i r c u i t   b e i n g   r e s p o n s i v e   to  ( i )   t h e   s p e e d   of  r o t a t i o n   o f  

s a i d   m o t o r ,   ( i i )   a  s p e e d   l i m i t   c o n t r o l   s i g n a l ,   and  ( i i i )   a  

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

2.  A  d r i v e   and  c o n t r o l   s y s t e m   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   in  t h a t   s a i d   r e g e n e r a t i o n   c i r c u i t   a l s o  



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

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

f o r   s e t t i n g   an  a d j u s t a b l e   f i x e d   p r e s s u r e   in  s a i d   r e t u r n  

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

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

d i v i d i n g   m e a n s .  

3.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to   C l a i m   2  

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

means   e x c e e d   a  p r e d e t e r m i n e d   s e t   v a l u e   l e s s   t h a n   t h e   s e t  

p r e s s u r e   of   s a i d   f i r s t   p r e s s u r e   s e t t i n g   means   and  i n  

e x c e s s   of  t h e   p r e s s u r e   in  s a i d   f e e d   l i n e .  

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

3  c h a r a c t e r i s e d   by  means   f o r   m e a s u r i n g   t h e   s p e e d   of  r o t a -  

t i o n   of  s a i d   m o t o r   and  c o n v e r t i n g   s a i d   m e a s u r e m e n t   i n t o   a n  

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

h a v i n g   a  p o l a r i t y   i n d i c a t i v e   of  t h e   d i r e c t i o n   of   r o t a t i o n  

of  s a i d   m o t o r .  

5.  A  d r i v e   and  c o n t r o l   s y s t e m   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   in  t h a t   s a i d   e l e c t r o n i c   c o n t r o l   c i r c u i t  

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   t h a t   r e c e i v e s  

s a i d   s p e e d   s i g n a l   and  s a i d   s p e e d   command  s i g n a l .  

6.  A  d r i v e   and  c o n t r o l   c i r c u i t   a c c o r d i n g   to   C l a i m   5 

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

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

s a i d   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   and  s a i d   p r e s s u r e   l i m i t  

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

7.  A  d r i v e   and  c o n t r o l   c i r c u i t   a c c o r d i n g   to   C l a i m   6 

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

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

o u t p u t   c o n t r o l   s i g n a l .  



8.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to  any  one  o f  

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

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

r e s p o n s e   to  an  e l e c t r i c a l   d i s p l a c e m e n t   c o n t r o l   s i g n a l .  

9.  A  d r i v e   and  c o n t r o l   s y s t e m   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   in  t h a t   a  c o n t r o l l e r   g e n e r a t e s   s a i d   s p e e d  

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

10.  A  d r i v e   and  c o n t r o l   s y s t e m   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 s e d   in  t h a t   s a i d   c o n t r o l l e r   i n c l u d e s   a  c o m p u t e r  

and  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 .  

11.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to   C l a i m   9  or  10 

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

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

m e a s u r e m e n t .  

12.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to  C l a i m   11 

c h a r a c t e r i s e d   by  an  a n a l o g - t o - d i g i t a l   c o n v e r t e r   t h a t  

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

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

13.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to  C l a i m   12  

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

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

r o t a t i o n   s p e e d   s i g n a l   t h a t   is   a p p l i e d   to  s a i d   a n a l o g - t o -  

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

14.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to   C l a i m   1  s a i d  

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   means   f o r   d i v i d i n g   f l o w   f r o m  

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

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

s a i d   s u p p l y .  



15.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to   C l a i m   14 

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

c o o l   t h e   m o t o r .  

16.  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   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   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   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   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  m e a n s   f o r   m e a s u r i n g   t h e   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   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  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   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 .  

17.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to  C l a i m   16 

c h a r a c t e r i s e d   by  means   f o r   s e n s i n g   t he   l a t e r a l   p o s i t i o n   o f  

s a i d   s t r a i n d   b e i n g   wound  o n t o   or  unwound  f rom  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   o f  

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



18.  A  d r i v e   and  c o n t r o l   s y s t e m   a c c o r d i n g   to   C l a i m   17 

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   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 .  

19.  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   f o r  

r o t a t i n g   and  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   i n  

c o o r d i n a t i o n   to   wind  and  u n w i n d   an  i n d e f i n t e   l e n g t h   o f  

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 ,  

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

p r e s s u r e   and  v a r i a b l e   f l o w   r a t e ,  

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   c o n n e c t e d   to  s a i d   r o t a t i n g   member  and  h a v i n g   a n  

i n l e t   and  an  o u t l e t   f o r   s a i d   f l u i d ,  

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

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

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

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

t h a t   p r o d u c e s   an  o u t p u t   f l ow  of  s a i d   f l u i d   to   s a i d   m o t o r  

a t   a  p r e s s u r e   l e s s   t h a n   or  e q u a l   to  s a i d   s u p p l y   p r e s s u r e ,  

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

an  a d j u s t a b l e   f i x e d   p r e s s u r e   in  s a i d   r e t u r n   l i n e ,  

a  h y d r a u l i c   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  

s a i d   f e e d   l i n e   and  s a i d   r e t u r n   l i n e   and  o p e r a b l e   when  s a i d  

m o t o r   b r a k e 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   t h a t   p r o d u c e s   an  o u t p u t  

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

c i r c u i t   b e i n g   r e s p o n s i v e   to  ( i )   t h e   s p e e d   of  r o t a t i o n   o f  

s a i d   m o t o r ,   ( i i )   a  s p e e d   l i m i t   c o n t r o l   s i g n a l   and  ( i i i )   a  

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



a  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 t 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   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   f o r   m e a s u r i n g   t h e   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   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  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 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   means   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 .  
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