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©  Improvements  in  or  relating  to  hydraulic  control  system. 

©  A  hydraulic  control  system  is  disclosed  comprising  two 
actuators  operating  in  parallel  or  tandem  each  having  a 
separate  supply  of  hydraulic  fluid  and  two  electrohydraulic 
servo  control  valves  interposed  between  each  actuator  and 
its  respective  hydraulic  supply,  each  control  valve  having 
two  operating  coils  for  the  electrical  operation  thereof,  the 
said  coils  being  connected  to  four  electrical  control  lanes  in 
such  a  manner  that  each  lane  is  connected  to  one  coil  of  a 
control  valve  asociated  with  one  actuator  and  with  one  coil  of 
a  control  valve  associated  with  the  other  actuator.  Feedback 
control  of  the  valves  is  preferably  provided  to  equalise 
hydraulic  imbalance,  the  valves  for  each  actuator  having 
differing  overlap  characteristics  such  that  the  feedback  signal 
may  apply  selectively  to  the  valves  of  one  or  other  actuator. 

20^-22  21^^-22  26^ /24   25-Q/25 

40'  /  41  42  /  43 10t  XB 
F/G.2B. 

111 
Croydon  Printing  Company  Ltd. 

A   hydraulic  control  system  is  disclosed  comprising  two 
actuators  operating  in  parallel  or  tandem  each  having  a 
separate  supply  of  hydraulic  fluid  and  two  electrohydraulic 
servo  control  valves  interposed  between  each  actuator  and 
its  respective  hydraulic  supply,  each  control  valve  having 
two  operating  coils  for  the  electrical  operation  thereof,  the 
said  coils  being  connected  to  four  electrical  control  lanes  in 
such  a  manner  that  each  lane  is  connected  to  one  coil  of  a 
control  valve  asociated  with  one  actuator  and  with  one  coil  of 
a  control  valve  associated  with  the  other  actuator.  Feedback 
control  of  the  valves  is  preferably  provided  to  equalise 
hydraulic  imbalance,  the  valves  for  each  actuator  having 
differing  overlap  characteristics  such  that  the  feedback  signal 
may  apply  selectively  to  the  valves  of  one  or  other  actuator. 



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

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

to  an  a c t u a t o r .   The  i n v e n t i o n   is  c o n c e r n e d   wi th   t h e  

c o n t r o l   of  such  a c t u a t o r s   which  a re   to  be  u sed   in  t h e  

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

a  h igh   d e g r e e   of  a c c u r a c y   and  r e l i a b i l i t y .   A  p a r t i c u l a r  

but  not  e x c l u s i v e   a p p l i c a t i o n   of  such  h y d r a u l i c   c o n t r o l  

s y s t e m s   is  in  the   c o n t r o l   of  a c t u a t o r s   fo r   use  in  t h e  

power   o p e r a t i o n   of  c o n t r o l   s u r f a c e s   of  an  a i r c r a f t .  

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

is  d e s i r a b l e   to  p o s i t i o n   a  m o v a b l e   l oad   of  some  s e v e r a l  

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

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

such  a c t u a t o r s   a re   r e q u i r e d   to  be  c o n t r o l l e d   r e m o t e l y  

by  way  of  e l e c t r i c a l   s i g n a l s   from  a  r e m o t e   c o n t r o l  

p o i n t   and  i t   is  n e c e s s a r y   to  p r o v i d e   r e d u n d a n c y   t o  

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

h y d r a u l i c   s y s t e m   i t s e l f   or  the   e l e c t r i c a l   c o n t r o l  

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

t h a t   c o n t r o l   of  the   a c t u a t o r   may  be  m a i n t a i n e d   in  t h e  

e v e n t   of  such  a  f a i l u r e .   One  p a r t i c u l a r ,   but   not  e x c l u s i v e ,  

e x a m p l e   of  such  an  a c t u a t o r   is  a  h y d r a u l i c   a c t u a t o r  

used   to  e f f e c t   the   movement   of  an  a i r c r a f t   c o n t r o l  

s u r f a c e ,   p a r t i c u l a r l y   a  h igh   s p e e d   a i r c r a f t .   It   h a s  

been  p r o p o s e d   to  use  h y d r a u l i c   p i s t o n   and  c y l i n d e r  

a c t u a t o r s   to  move  the  v a r i o u s   c o n t r o l   s u r f a c e s   of  a n  

a i r c r a f t ,   the   a c t u a t o r s   b e i n g   a r r a n g e d   to  o p e r a t e  

u n d e r   s e r v o   c o n t r o l   in  r e s p o n s e   to  movemen t   of  the   c o n t r o l  

co lumn  or  p e d a l s   of  the  a i r c r a f t   by  the   p i l o t .  
E l e c t r i c a l   t r a n s d u c e r s   a s s o c i a t e d   w i th   t he   p i l o t  



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

e l e c t r i c a l   s i g n a l s   which   in  t u r n   a re   fed  to  the   a c t u a t o r  

s y s t e m   as  s e r v o   c o n t r o l   s i g n a l s   to  c o n t r o l   the   o u t p u t  

p o s i t i o n   of  t he   a c t u a t o r   i t s e l f .   At  t he   same  t ime   t h e  

p i l o t   c o n t r o l   i n p u t   e l e m e n t s   have  been  m e c h a n i c a l l y  

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

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

may  b e  m a i n t a i n e d   in  the   e v e n t   of  f a i l u r e   i n  t h e  

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

m a i n t a i n   c o n t r o l   of  t he   a i r c r a f t .   Th i s   has  n e c e s s i t a t e d  

t h e . p r o v i s i o n  o f   a  m e c h a n i c a l   L i n k a g e   b e t w e e n   t h e  p i l o t  

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

a c t u a t o r  s i t e d  a d j a c e n t   t h e   c o n t r o l   s u r f a c e   in  q u e s t i o n  

w h i c h  w h i t e   not   r e q u i r i n g   to  t r a n s m i t  t h e   f u l l   c o n t r o l  

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

to  p r o v i d e  a c c u r a t e   manua l   c o n t r o l .  

W i t h  t h e   need   to  d e v e l o p   a i r c r a f t   h a v i n g   e v e r  

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

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

i t   has  b e c o m e   d e s i r a b l e   to  t a k e   a d v a n t a g e   of  the   g r e a t e r  

a e r o - d y n a m i c   e f f i c i e n c y   which  can  be  a c h i e v e d   w i t h  

an  a i r c r a f t   which   is  i n h e r e n t l y   u n s t a b l e .   With  s u c h  

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

a c h i e v i n g   i n h e r e n t   s t a b i l i t y   can  be  e l i m i n a t e d  o r  

m i n i m i s e d ,   but   such  an  a i r c r a f t   has  to  be  " f l o w n "  

c o n t i n u o u s l y   and  i t   would  be  beyond   the   c a p a b i l i t y  

of  a  p i l o t   to  f l y   such  an  a i r c r a f t   u n d e r   manua l   c o n t r o l .  

With  the  d e v e l o p m e n t   of  c o m p u t e r   s y s t e m s ,   a  c o m p u t e r  

may  be  used   c o n t i n u o u s l y   to  " f l y "   the   a i r c r a f t   and  t h u s  

r e p l a c e   i n h e r e n t   s t a b i l i t y .  



In  o r d e r   to  u t i l i s e   such  a  c o m p u t e r   s y s t e m   i t   i s  

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

which  a re   e l e c t r i c a l l y   c o n t r o l l a b l e   u n d e r   the   i n f l u e n c e  

of  the   c o m p u t e r   and  which  p r o v i d e   s u f f i c i e n t   r e l i a b i l i t y  

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

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

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

would  be  of  no  s u b s t a n t i a l   use  to  the  p i l o t   as  a 

f a l l - b a c k   s y s t e m .  

It  is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

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

which  is  s u i t a b l e   fo r   use  in  an  a r r a n g e m e n t   as  d e s c r i b e d  

a b o v e ,   p a r t i c u l a r l y   in  p r o v i d i n g   a  r e q u i r e d   d e g r e e   o f  

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

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

m e c h a n i c a l   t o l e r a n c e s   or  e r r o r s .   F u r t h e r   and  o t h e r  

o b j e c t s   and  i m p r o v e m e n t s   a c h i e v e d   by  the   p r e s e n t  

i n v e n t i o n   w i l l   be  a p p a r e n t   from  the  f o l l o w i n g .  

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

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

p a r a l l e l   or  t a n d e m   each  h a v i n g   a  s e p a r a t e   s u p p l y   o f  

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

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

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

c o i l s   fo r   the   e l e c t r i c a l   o p e r a t i o n   t h e r e o f ,   the   s a i d  

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

in  such  m a n n e r   t h a t   each  l ane   is  c o n e c t e d   to  one  c o i l  

of  a  c o n t r o l   v a l v e   a s s o c i a t e d   wi th   one  a c t u a t o r   a n d  

wi th   one  c o i l   of  a  c o n t r o l   v a l v e   a s s o c i a t e d   wi th   t h e  

o t h e r   a c t u a t o r .   The  s y s t e m   is  p r e f e r a b l y   p r o v i d e d   w i t h  



means  to  f e e d   an  e l e c t r i c a l   f e e d b a c k   s i g n a l   to  the   s a i d  

c o n t r o l   v a l v e s   in  r e s p o n s e   to  a  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   one  a n d / o r   the   o t h e r   a c t u a t o r ,   and  in  t h i s  

a r r a n g e m e n t   p r e f e r a b l y   one  of  the   c o n t r o l   v a l v e s  

a s s o c i a t e d   K i th   each  a c t u a t o r   has  a  l i n e a r   i n p u t   c u r r e n t  

o u t p u t   f low  c h a r a c t e r i s t i c   p a s s i n g   t h r o u g h   the   z e r o  

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

a s s o c i a t e d   wi th   each  a c t u a t o r   has  an  o v e r l a p   at  t h e  

z e r o   f l ow  p o i n t   such  t h a t   i t   p r o v i d e s   no  f low  o u t p u t  

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

the   z e r o   p o s i t i o n .   The  s a i d   o v e r l a p   at  z e r o   f l o w  

p o i n t   is  p r e f e r a b l y   such  as  to  p r o v i d e   no  f low  o u t p u t  

fo r   up  to  15%  on  e i t h e r   s i d e   of  z e ro   of  the   i n p u t  

c u r r e n t   r a n g e ,   the   p r e s s u r e   f e e d b a c k   s i g n a l   m a g n i t u d e  

p r e f e r a b l y   b e i n g   a r r a n g e d   to  be  l e s s   t h a n   10%  of  t h e  

v a l v e   c o n t r o l   c u r r e n t .   In  the   a r r a n g e m e n t   where   t h e  

v a l v e s   d i f f e r ,   the   n o r m a l   f low  g a i n   of  each   of  t h e  

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

f low  g a i n   of  each  of  the   c o n t r o l   v a l v e s   w i t h o u t   o v e r l a p  
such  t h a t   the   f u l l   c o n t r o l   s i g n a l   in  e i t h e r   s e n s e  

or  d i r e c t i o n   a p p l i e d   to  bo th   t y p e s   of  v a l v e   a c h i e v e s  

s u b s t a n t i a l l y   the   same  maximum  f low  r a t e   to  the   r e s p e c t i v e  
a c t u a t o r s .  

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

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

s e r v i n g   in  s e r i e s   one  of  the   two  c o i l s   of  one  of  t h e  

v a l v e s   of  each   a c t u a t o r .   In  a  p r e f e r r e d   form  of  t h e  
i n v e n t i o n   o n e ,   which   can  be  r e g a r d e d   as  the   p r i m a r y  
v a l v e   in  each  c a s e ,   has  a  n o m i n a l l y   ze ro   o v e r l a p   a n d  

h igh   p r e s s u r e   g a i n   and  the   o t h e r ,   the   s e c o n d a r y   v a l v e s ,  
has  a  s i g n i f i c a n t   o v e r l a p   and  a  Lower  p r e s s u r e   g a i n .  



The  o b j e c t   of  the   o v e r l a p   is  to  e n s u r e   t h a t   w i t h i n   t h e  

n u l l   c h a n g e s   wh ich   a re   to  be  e x p e c t e d   in  s e r v i c e ,   t h e  

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

o v e r l a p   r e g i o n   t h u s   e l i m i n a t i n g   the  p a r a s i t i c   f l o w '  

which   would  o t h e r w i s e  a r i s e   if  the   p r i m a r y   v a l v e   w e r e  

s t a n d i n g   open  in  one  d i r e c t i o n   and  the   s e c o n d a r y   v a l v e  

in  the   o t h e r .  

Each  of  t he   f o u r   c o n t r o l   l a n e s   is  w i r e d   in  s e r i e s  

to  a  h igh   g a i n   p r i m a r y   v a l v e   w i t h o u t   o v e r l a p   of  o n e  

a c t u a t o r   and  the   low  g a i n   s e c o n d a r y   v a l v e   of  the   o t h e r .  

In  n o r m a l   o p e r a t i o n   of  the   s y s t e m   the  p e r f o r m a n c e   o f  

each   a c t u a t o r   is  b a s e d   p r i m a r i l y   on  the   p e r f o r m a n c e   o f  

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

fo r   r e d u n d a n c y   and  f a i l u r e   s u r v i v a l   p u r p o s e s .   When  f o r  

e x a m p l e   one  v a l v e   a s s o c i a t e d   wi th   an  a c t u a t o r   f a i l s  

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

wi th   t h a t   a c t u a t o r   e n a b l e s   the   e f f e c t s   of  the   f a i l e d  

v a l v e   to  be  p a s s i v a t e d   by  o p e n i n g   the   s e c o n d   v a l v e  

in  the   o p p o s i t e   s e n s e   to  t h a t   in  which  the   f i r s t   v a l v e  

is  jammed  t h e r e f o r e   s e t t i n g   up  p a r a s i t i c   f l o w .   C o n t r o L  

of  the   s y s t e m   o u t p u t   is  t h e n   m a i n t a i n e d   by  the   o t h e r  

sound   a c t u a t o r .  

When  p r e s s u r e   f e e d b a c k   s e n s i n g   m e a n s , f o r   e x a m p l e   a 

t r a n s d u c e r ,   a re   p r o v i d e d   for   each  a c t u a t o r   to  o v e r c o m e  

" f i g h t i n g "   and  dead   z o n e s   a r i s i n g   from  m e c h a n i c a l /  

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

on  e i t h e r   s i d e   of  t he   a c t u a t o r   c o n c e r n e d ,   the   p r e s s u r e  

f e e d b a c k   means  may  a l s o   be  used   to  i d e n t i f y   f a i l u r e s  

fo r   e x a m p l e   m e c h a n i c a l   f a i l u r e s   in  the  c o n t r o l   v a l v e s  

p r i o r   to  use  of  the   o v e r a l l   s y s t e m ,   fo r   e x a m p l e   a i r c r a f t ,  



r e l y i n g   on  use  of  t he   h y d r a u l i c   c o n t r o l   s y s t e m .  

The  c o n t r o l   s y s t e m   of  the   i n v e n t i o n   t h u s   u t i l i s e s  

a  dua l   v a l v e   a r r a n g e m e n t   a s s o c i a t e d   wi th   each   of  t w o  

a c t u a t o r s   to  e n a b l e   the   s e i z u r e   or  o t h e r   d e f e c t   of  a n y  

v a l v e   to  be  o v e r c o m e .   By  the   use  of  two  v a l v e s   e l e c t r i c a l l y  

in  s e r i e s   e l e c t r o n i c   l a n e   t o l e r a n c e s   a re   d i s t r i b u t e d  

e q u a l l y   to  the  v a l v e s   in  bo th   a c t u a t o r s .   By  p r o v i s i o n  

of  p r e s s u r e   f e e d b a c k   s e n s o r   to  f e e d   a  p r e s s u r e   f e e d b a c k  

s i g n a l   i n t o   the   c o n t r o l   Lanes   and  t h e n c e   to  the   v a l v e s  

a s s o c i a t e d   wi th   the   a r r a n g e m e n t   of  p r i m a r y   and  s e c o n d a r y  

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

m e c h a n i c a l   t o l e r a n c e s   can  be  o v e r c o m e ,   the   o v e r l a p / n o   o v e r l a p  

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

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

t o l e r a n c e s   to  be  wash  out  by  t h e  a c t i o n   of  one  v a l v e   p e r  
a c t u a t o r   d e s p i t e   t he   e q u a l   f e e d i n g   of  t h e  f e e d b a c k   s i g n a l  
i n t o   the   v a l v e s   of  bo th   a c t u a t o r s .  

O t h e r   o b j e c t s ,   b e n e f i t s   and  a d v a n t a g e s   of  t h e  

i n v e n t i o n   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t he   a r t .  

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

above   and  o t h e r   a s p e c t s   of  the   p r e s e n t   i n v e n t i o n   a n  

e m b o d i m e n t   w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e   o n l y  

wi th   r e f e r e n c e   t o  t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h : -  

FIGURE  1  is  a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a 

h y d r a u l i c   c o n t r o l   a c t u a t o r   w i th   a  h y d r a u l i c   v a l v e  

s y s t e m   fo r   e l e c t r i c a l   c o n t r o l   i n p u t s ;  

FIGURE  2a  is  a  more  d e t a i l e d   s c h e m a t i c   d i a g r a m  

of  the   a r r a n g e m e n t   of  F i g u r e   1  in  a  f i r s t   c o n t r o l  

s t a t e ;  

FIGURE  2b  is  a  s i m i l a r . d i a g r a m   to  t h a t   of  F i g u r e  

2a  wi th   the   s y s t e m   in  a  s e c o n d   c o n t r o l   s t a t e ;   a n d  



FIGURE  3  shows  the   a r r a n g e m e n t   of  F i g u r e   1  i n  

more  d e t a i l   s t i l l .  

With  the   a r r a n g e m e n t   shown  in  F i g u r e   1,  w h i c h  

m i g h t   be  fo r   the   a c t u a t i o n   of  an  a i r c r a f t   c o n t r o l  

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

p i s t o n   and  c y l i n d e r   a c t u a t o r   10  h a v i n g   a  body  11 

a r r a n g e d   to  be  m o u n t e d   on  a  s t r u c t u r e   and  an  o u t p u t  

p i s t o n   rod  12  a r r a n g e d   to  be  c o u p l e d   to  a  m o v a b l e  

e l e m e n t   c a r r i e d   on  t h a t   s t r u c t u r e .   The  h y d r a u l i c   a c t u a t o r  

10  has  in  f a c t   two  a c t u a t o r s   10A  and  B  a r r a n g e d  

back   to  b a c k ,   c o u p l e d   t h r o u g h   t h e i r   p i s t o n   rods   a n d  

b o d i e s ,   but  c o n t r o l l e d   i n d e p e n d e n t l y   of  one  a o t h e r .  

A  d u a l   h y d r a u l i c   s u p p l y   s y s t e m   (no t   shown  per   se)  i s  

p r o v i d e d ,   one  s y s t e m   s u p p l y i n g   the   a c t u a t o r   10A 

t h r o u g h   a  v a l v e   s y s t e m   i n d i c a t e d   14A  and  t'he  o t h e r  

s u p p l y i n g   the   a c t u a t o r   10B  t h r o u g h   a  v a l v e   s y s t e m  

i n d i c a t e d   at  14B.  E l e c t r i c a l   c o n t r o l   i n p u t   s i g n a l s  

may  be  p r o v i d e d   to  the   v a l v e   s y s t e m s   14A  and  14B 

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

15,   16,  17  and  18  which   are   each  i n d e p e n d e n t   of  e a c h .  

o t h e r .   The  f o u r   Lanes  15  to  18  c o u p l e   the   a c t u a t o r   10.  

to  a  c o n t r o l   i n p u t  e l e m e n t   (no t   shown)  such  as  t h e  

c o n t r o l   co lumn  in  the   p i l o t ' s   c o c k p i t .   I t   w i l l   be  n o t e d  

t h a t   each   of  the  e l e c t r i c a l   s u p p l y   l a n e s   15  to  18 

is  c o n n e c t e d   to  bo th   of  the   c o n t r o l   v a l v e   s y s t e m s   14A 

and  14B.  In  the  e v e n t   of  h y d r a u l i c   f a i l u r e   in  one  o f  

a c t u a t o r s   10A  or  B  or  t h e i r   r e s p e c t i v e   h y d r a u l i c   s u p p l y  

s y s t e m s ,   the   s y s t e m   may  c o n t i n u e   to  o p e r a t e   u n d e r   the   o t h e r  

a c t u a t o r   and  s u p p l y   s y s t e m .   In  the   e v e n t   of  f a i l u r e  

of  two  or  even  p e r h a p s   t h r e e   of  the   e l e c t r i c a l   s i g n a l  



L a n e s ,   c o n t r o l  m a y   s t i l l   be  m a i n t a i n e d   a l b e i t   d e g r a d e d .  

As  shown  in  F i g u r e s   2A  and  2B  each  of  t h e  

v a l v e   s y s t e m s   14A  and  14B  has  a  p r i m a r y   h y d r a u l i c  

v a l v e   20  and  25  and  a  s e c o n d a r y   h y d r a u l i c   v a l v e   21  a n d  

24  so  t h a t   t h e r e   a re   two  v a l v e   e l e m e n t s   to  c o n t r o l   t h e  

f low  of  h y d r a u l i c   f l u i d   from  each  f l u i d   s o u r c e   t o  

the   r e s p e c t i v e   a c t u a t o r   10A  or  108.   The  two  e l e c t r o  

h y d r a u l i c   s e r v o   c o n t r o l   v a l v e s   20  and  21  a re   a r r a n g e d  

to  s u p p l y   the   a c t u a t o r   10A  wi th   h y d r a u l i c   f l u i d   f r o m  

s u p p l y   L ines   22  c o n n e c t e d   to  a  f i r s t   h y d r a u l i c   s u p p l y  

s y s t e m   (no t   shown)  h a v i n g   an  a s s o c i a t e d   r e t u r n   l i n e   2 3 .  

The  v a l v e s   20  and  21  a re   e l e c t r i c a l l y   c o n t r o l l e d   in  a 

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

s e n s o r   (no t   shown)  r e s p o n s i v e   to  the   o u t p u t   p o s i t i o n  

of  the   h y d r a u l i c   a c t u a t o r   10A.  Two  f u r t h e r   e l e c t r o  

h y d r a u l i c   c o n t r o l   v a l v e s   24  and  25  are   s i m i l a r l y   a r r a n g e d  

to  s u p p l y   f l u i d   from  s u p p l y   l i n e s   26  to  t he   a c t u a t o r  

10B  wi th   an  a s s o c i a t e d   r e t u r n   Line  2 7 .  

F i g u r e   2A  i l l u s t r a t e s   a  s t e a d y   s t a t e   s i t u a t i o n  

where   no  a c t u a t o r   d i s p l a c e m e n t   is  b e i n g   d e m a n d e d   e . g .   by  

the   p i l o t .   In  t h e  s i t u a t i o n   shown  in  F i g u r e   2A  t h e  

c o n t r o l   v a l v e   20  is  a s s u m e d   to  be  jammed  in  a  f u L L y  

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

to  b e a p p l i e d   to  one  s i d e   40  of  the   a c t u a t o r   10A.  I t  

w i l l   be  s een   in  t h i s   s i t u a t i o n   t h a t   the   v a l v e s   21,  24 

and  25  on ly   need  to  t a k e   a  ve ry   s m a l l   o f f s e t   to  p r o d u c e  

a  s i t u a t i o n   wi th   the   f u l l   p r e s s u r e   P  on  the   o p p o s i t e  

s i d e   43  of  the  a c t u a t o r   10B  i-n  the   s e c o n d   h y d r a u l i c  



s y s t e m   t h u s   p r e v e n t i n g   d i s p l a c e m e n t   of  the   rod  1 2 .  

When  movement   is  r e q u i r e d   of  the   a c t u a t o r   rod  12  w i t h  

the   v a l v e   20  s t i l l   jammed  in  the   same  f u l l y   open  c o n d i t i o n  

the   s y s t e m   c o m p e n s a t e s   by  movement   of  v a l v e   21  a s  

shown  to  e q u a l i s e   the   p r e s s u r e   (a t   a p p r o x i m a t e l y  ½  P )   i n  

the   two  s i d e s   40  and  41  of  a c t u a t o r   10A  l e a v i n g   a c t u a t o r  

10B  to  o p e r a t e   n o r m a l l y   u n d e r   c o n t r o l   of  v a l v e s   24  a n d  

25.  In  the   a r r a n g e m e n t   shown  in  F i g u r e   2B  the  v a l v e s  

24  and  25  w i l l   u n d e r   no  load   or  low  Load  c o n d i t i o n s  

s e t t l e   so  as  to  p r o v i d e   p r e s s u r e   at  a p p r o x i m a t e l y  ½  P  

in  b o t h   s i d e s   42  and  43  of  a c t u a t o r   10B,  movement   a t  

maximum  r a t e   or  c l o s e   to  it   of  the   p i s t o n   12  b e i n g  

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

s i d e s   42  or  43  to  o v e r c o m e   f r i c t i o n   e t c .   At  h i g h e r   Load  

r e q u i r e m e n t s   e . g .   of  a  wing  s u r f a c e   at  h igh   s p e e d   w i l l  

r e q u i r e   a  g r e a t e r   p r e s s u r e   v a r i a t i o n   d e l i v e r e d   a g a i n  

by  a p p r o p r i a t e   movement   of  v a l v e s   24  a n d / o r   2 5 .  

In  a i r c r a f t   c o n t r o l   s y s t e m s   p r e s s u r e   P  may  be  i n  

the   r e g i o n   of  20  to  30  MN/m2,  but  s y s t e m s   u t i l i z i n g  

the   p r e s e n t   i n v e n t i o n   may  o p e r a t e   at  w h a t e v e r   p r e s s u r e  

r e q u i r e d .   T h u s ,   as  shown  in  F i g u r e   2B  when  a  maximum 

movement   r a t e   is  demanded   of  the   a c t u a t o r   10,  n e a r  

maximum  r a t e   w i l l   be  a c h i e v e d   s i n c e   the   v a l v e   21 

w i l l   be  d i s p l a c e d   f u l l y   in  the  s e n s e   r e q u i r e d   t o  

n e u t r a l i s e   the   e f f e c t   of  the   jammed  v a l v e   20,  w h i l s t  

the   f u l l   c o n t r o l   c o n d i t i o n   can  be  a c h i e v e d   by  t h e  

v a l v e s   24  and  25  o p e r a t i n g   on  the   a c t u a t o r   p o r t i o n  

1 0 B .  

Th i s   a r r a n g e m e n t   p r o v i d e s   a  s y s t e m   wi th   a  v e r y  

good  f a i l u r e   s u r v i v a l   c a p a b i l i t y .   The  s y s t e m   has  a 



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

are   fed  i d e n t i c a l l y   i n t o   c o n t r o l   v a l v e s   a s s o c i a t e d  

wi th   bo th   a c t u a t o r s   10A  and  10B  s u p p l i e d   by  s e p a r a t e  

h y d r a u l i c   s y s t e m s   and  t h u s   do  not  c r e a t e   t he   a n t i -  

p h a s e   f i g h t i n g   of  p r e s s u r e   i L L u s t r a t e d   in  F i g u r e   2A.  

However   f u r t h e r   t o l e r a n c e s   may  e x i s t   e . g .   i n  

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

of  the   v a l v e s   t h e m s e l v e s   and  such  t o l e r a n c e s   may  o f  

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

f i g h i n g   as  i l l u s t r a t e d   in  F i g u r e   2A.  The  a n t i p h a s e  

f i g h t i n g   c o n d i t i o n   can  s e v e r e l y   a f f e c t   the   t h r e s h o l d  

p e r f o r m a n c e  o f   such   s y s t e m s .  

In  o r d e r   to  o v e r c o m e   t h i s ,   means  a re   p r o v i d e d   t o  

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

and  to  f e ed   back  to  the   e l e c t r o   h y d r a u l i c   c o n t r o l   s y s t e m  

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

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

p r e s s u r e s   d e l i v e r e d  t o   each  s i d e   40  and  41  of  a c t u a t o r  

10A  and  to  each  s i d e   42  and  43  of  a c t u a t o r   10B.  T h u s ,  

for   e x a m p l e ,   i f   t h e r e   is  p r e s s u r e   d i f f e r e n t i a l   b e t w e e n  

s i d e s   40  and  41  of  a c t u a t o r   10A  in  an  o t h e r w i s e   n o  L o a d  

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

p r e s s u r e   d i f f e r e n t i a l ,   wiLL  b e  

r e q u i r e d   to  be  fed  to  v a l v e s   20  or  21  to  r e s t o r e  

s u b s t a n t i a l l y   e q u a l i t y   of  p r e s s u r e   b e t w e e n   s i d e s   40  a n d  

41.  S i n c e   h o w e v e r   the   r e q u i r e d   f e e d b a c k   s i g n a l   e . g .  

to  v a l v e s   20  a n d / o r   21  w i l l   be  fed  e q u a l l y   and  i n  

the   same  s e n s e   to  v a l v e s   24  a n d / o r   25  the   o b j e c t i v e   i . e .  

e q u a l i s a t i o n   to  c o m p e n s a t e   p r e s s u r e   i m b a l a n c e   c a n n o t   b e  

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



In  o r d e r   to  o v e r c o m e   t h i s   the   s y s t e m   may  be  p r o v i d e d  

w i t h   the   above   d e s c r i b e d   two  v a l v e   per   a c t u a t o r  

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

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

each   of  the   v a l v e   s y s t e m s   14A  and  14B  a s s o c i a t e d   w i t h  

t h e   r e s p e c t i v e   a c t u a t o r s   10A  and  10B.  In  p a r t i c u l a r ,   t h e  

p r i m a r y   v a l v e s   20  and  25  have  s u b t a n t i a L L y   l i n e a r   e l e c t r i c  

c u r r e n t / h y d r a u l i c   f low  c h r a c t e r i s t i c s   a c r o s s   t h e i r  

c e n t r e   p o s i t i o n ,   w h i l e   the  s e c o n d a r y   v a l v e s   21  a n d  

24,   have  a  s i g n i f i c a n t   o v e r l a p   at  t h e i r   c e n t r e   p o s i t i o n  

so  t h a t   t h e y   do  not  r e s p o n d   to  g i v e   h y d r a u l i c   f l o w ,   t o  

s i g n a l s   of  say  l e s s   t h a n   15%  of  f u l l   c o n t r o l   s i g n a l .  

Such  an  a r r a n g e m e n t   is  i l l u s t r a t e d   s c h e m a t i c a l l y  

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

a r r a n g e m e n t   the   c o n t r o l   v a l v e s   20,  21,   24  and  25  a r e  

a s s o c i a t e d   wi th   t he   two  p o r t i o n s   10A  and  10B  of  an  

a c t u a t o r   10  which   is  a r r a n g e d   in  t u r n   to  d r i v e   a  main  p o w e r  
c o n t r o l   v a l v e   (no t   shown)  which  s i m i l a r l y   c o n t r o l s  

the   s u p p l y   from  the   two  h y d r a u l i c   s y s t e m s   to  t w o  

s e p a r a t e   p o r t i o n s   of  a  main  power  a c t u a t o r   ( n o t   s h o w n ) .  

A p a r t   from  t h i s   the   a r r a n g e m e n t   is  s i m i l a r   to  t h a t  

of  the   p r e v i o u s   F i g u r e s   and  i t s   o p e r a t i o n   is  of  c o u r s e  

the   same  in  p r i n c i p l e .  

In  t he   a r r a n g e m e n t   of  F i g u r e   3  a  p r e s s u r e  

d i f f e r e n c e   f e e d b a c k   s i g n a l   g e n e r a t o r   30  is  p r o v i d e d  

to  g i v e   a  f e e d b a c k   to  e l e c t r i c a l   l a n e s   15  and  16  i n  

r e s p o n s e   to  the   p r e s s u r e   d i f f e r e n t i a l   b e t w e e n   the  t w o  

s i d e s   40  and  41  of  the   a c t u a t o r   10A.  A  s e c o n d   p r e s s u r e  

d i f f e r e n c e   f e e d b a c k   s i g n a l   g e n e r a t o r   31  is  a r r a n g e d   t o  

g i v e   f e e d b a c k   s i g n a l s   to  the   l a n e s   17  and  18  in  r e s p o n s e  

to  the   p r e s s u r e   d i f f e r e n c e   on  the  two  s i d e s   of  t h e  

a c t u a t o r   1 0 B .  



If  now  the   p r e s s u r e   f e e d b a c k   s i g n a l   m a g n i t u d e   i s  

a r r a n g e d   to  be  l e s s   t h a n   10%  of  the   v a l v e   c o n t r o l  

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

wi th   a c t u a t o r   10A  or  10B  w i l l   r e s p o n d   to  the   p r e s s u r e  

f e e d b a c k   s i g n a l   w h i l e   the   o t h e r   ( t h e   s e c o n d a r y   v a l v e )  

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

c o n d i t i o n s   can  be  o f f s e t   t h r o u g h   the   a c t i o n   of  p r i m a r y  

v a l v e s   h a v i n g   no  o v e r l a p ,   20  and  25,  w h i l e   t he   o t h e r  

or  s e c o n d a r y   v a l v e s   h a v i n g   o v e r l a p ,   21  and  24  may  b e  

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

d e s c r i b e d .   To  a c h i e v e   t h i s   the   n o r m a l   f low  g a i n   o f  

the  p r i m a r y   v a l v e s   (20  and  25)  and  s e c o n d a r y   v a l v e s  

(21  and  24)  a re   c h o s e n   to  be  d i f f e r e n t   so  t h a t   the   s a m e  

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

to  bo th   t y p e s   of  v a l v e s   w i l l   a c h i e v e   e s s e n t i a l l y   t he   s a m e  

maximum  f low  r a t e   out  of  both   t y p e s   of  v a l v e   i n t o   t h e i r  

r e s p e c t i v e   a c t u a t o r s   10A  and  10B.  Thus  a  h a r d - o v e r  

c o n d i t i o n   in  one  d i r e c t i o n   in  say  the   v a l v e   20  can  s t i l l  

be  n e u t r a l i s e d   by  d i s p l a c e m e n t   of  the   v a l v e   21  in  t h e "  

o p p o s i t e   d i r e c t i o n   when  movement   is  d e m a n d e d .  

Thus  i t   can  be  seen   t h a t   t he   i n v e n t i o n   p r o v i d e s  

a  s y s t e m   wh ich   r e t a i n s   f u l l   e l e c t r i c a l   l ane   r e d u n d a n c y  

even  a f t e r   one  of  the   h y d r a u l i c   s y s t e m s   has  e x p e r i e n c e d  

a  f a i l u r e .   The  s y s t e m   is  a l s o   a b l e   to  n e u t r a l i s e  

the   e f f e c t   of  e l e c t r i c   l ane   t o l e r a n c e s   by  e f f e c t i n g  

the   command  i d e n t i c a l l y   to  v a l v e s   a s s o c i a t e d   wi th   t h e  

two  a c t u a t o r s   10A  and  10B  by  w i r i n g   the   c o n t r o l   c o i l s   o f  

the  v a l v e s   in  one  h y d r a u l i c   s y s t e m   in  s e r i e s   w i th   t h e  

c o i l s   of  t he   v a l v e s   of  the   o t h e r   h y d r a u l i c   s y s t e m .   T h e  

use  of  more  t h a n   one  v a l v e   per  h y d r a u l i c   s y s t e m   e n a b l e s  

a  h a r d - o v e r   or  o t h e r   f a u l t   c o n d i t i o n   in  one  v a l v e   to  be  



n e u t r a l i s e d   by  the   a c t i o n   of  the   s e c o n d   v a l v e   in  t h e  

same  s y s t e m .   A  c o m b i n a t i o n   of  the   above   f e a t u r e s   w i t h  

the   p r o v i s i o n   of  e q u a l i s i n g   p r e s s u r e   d i f f e r e n c e   f e e d b a c k  

s i g n a l s   e n a b l e s   the   p r e v e n t i o n   of  h y d r a u l i c   " f i g h t i n g "  

b e t w e e n   the   two  p o r t i o n s   of  the   a c t u a t o r .   The  use  o f  

v a l v e s   of  d i f f e r e n t   c h a r a c t e r i s t i c s   in  each   of  t h e  

two  h y d r a u l i c   s y s t e m s   p e r m i t s   a l l   the   f e a t u r e s  

m e n t i o n e d   above   to  be  e m b o d i e d   a . a t   one  and  the   same  t i m e .  

The  p r i m a r y   v a l v e s   20  and  25  w i l l   be  a x i s   cut   i . e .  

w i l l   be  L i n e a r   a c r o s s   c e n t r e   wi th   no  s i g n i f i c a n t   o v e r l a p .  

For  a i r c r a f t   u s e ,   p a r t i c u l a r l y   h igh  s p e e d   a i r c r a f t ,  

such   a  v a l v e   w i l l   have  a  h igh   p r e s s u r e   g a i n   not   l e s s  

t h a n   2 8 M N / m   per   m i l l i  a m p   per   c o i l .  I t   wou ld   a l s o   h a v e  

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

t a k e n   to  r e d u c e   the  f low  g a i n   of  the   f i r s t   s t a g e   t o  

r e d u c e   the   o v e r a l l   s t a n d i n g   l e a k a g e   w i t h i n   t he   s y s t e m .  

The  s e c o n d a r y   v a l v e s   21  and  24  would  have  a  n o r m a l  

n u l l   b i a s   t o l e r a n c e   of  p l u s   or  minus   2%.  T h i s   may 

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

on  t he   o v e r a l l   b e h a v i o u r   of  the   s y s t e m .   D e v i a t i o n s   i n  

use  up  to  p e r h a p s   7%  a re   b e l i e v e d   to  be  l i k e l y ,   t h e  

f i g u r e   of  p l u s   or  minus   15%  o v e r l a p   p r o p o s e d   h e r e i n  

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

of  up  to  p l u s   or  minus   10%.  For  the   p r e s s u r e   f e e d -  

back   c o n t r o l   i t   is  b e l i e v e d   t h a t   a  10%  s i g n a l   fo r   a  28MN/m2 

d i f f e r e n t i a l   is  a p p r o p r i a t e .   With  t h i s   t he   e f f e c t   o f  

the   p r e s s u r e   f e e d b a c k   w i l l   not  be  s i g n i f i c a n t   when  

a p p l i e d   to  the  s e c o n d a r y   v a l v e s   and  on ly   the   p r i m a r y  

v a l v e s   w i l l   n o r m a l l y   c o n t r i b u t e   to  the  e q u a l i s a t i o n  

p r o c e s s .  



Shown  n e x t   to  the   c o i l   a r r a n g e m e n t s   of  each  of  t h e  

v a l v e s   in  F i g u r e   3  is  a  s m a l l   g r a p h   s h o w i n g   the   o v e r l a p  

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



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

o p e r a t i n g   in  p a r a l l e l   or  t a n d e m   each  h a v i n g   a  s e p a r a t e  

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

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

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

v a l v e   h a v i n g   two  o p e r a t i n g   c o i l s   fo r   the   e l e c t r i c a l  

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

f o u r   e l e c t r i c a l   c o n t r o l   l a n e s   in  such  manner   t h a t   e a c h  

l a n e   is  c o n n e c t e d   to  one  c o i l   of  a  c o n t r o l   v a l v e  

a s s o c i a t e d   wi th   one  a c t u a t o r   and  wi th   one  c o i l   of  a 

c o n t r o l   v a l v e   a s s o c i a t e d   wi th   the  o t h e r   a c t u a t o r .  

2.  A  s y s t e m   as  c l a i m e d   in  Claim  1  in  which   m e a n s  

a re   p r o v i d e d   to  f e e d   an  e l e c t r i c a l   f e e d b a c k   s i g n a l   t o  

the   s a i d   c o n t r o l   v a l v e s   in  r e s p o n s e   to  a  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   one  a n d / o r   the   o t h e r   a c t u a t o r .  

3.  A  s y s t e m   as  c l a i m e d   in  Claim  2  in  which  one  o f  

the   c o n t r o l   v a l v e s   a s s o c i a t e d   wi th   each  a c t u a t o r   h a s . a  

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

t h r o u g h   the   z e r o   c u r r e n t   f low  p o i n t   w h i l s t   the   o t h e r  

c o n t r o l   v a l v e   a s s o c i a t e d   wi th   each  a c t u a t o r   has  a n  

o v e r l a p   at  the   z e r o   f low  p o i n t   such  t h a t   i t   p r o v i d e s  

no  f l ow  o u t p u t   for   a  p a r t   of  the   i n p u t   c u r r e n t   r a n g e  

e i t h e r   s i d e   of  the   z e r o   p o s i t i o n .  

4.  A  s y s t e m   as  c l a i m e d   in  c l a i m   3  in  which   the   s a i d  

o v e r l a p   at  z e r o   f low  p o i n t   is  such  as  to  p r o v i d e   no  

f low  o u t p u t   fo r   up  to  15%  e i t h e r   s i d e   of  z e r o   of  t h e  



i n p u t   c u r r e n t   r a n g e .  

5.  A  s y s t e m   as  c l a i m e d   in  CLaim  2  w h e r e i n   the  p r e s s u r e  

f e e d b a c k   s i g n a l   m a g n i t u d e   is  a r r a n g e d   to  be  l e s s   t h a n  

10%  of  the   v a l v e   c o n t r o l   c u r r e n t .  

6.  A  s y s t e m   as  c l a i m e d   in  c l a i m   3  w h e r e i n   the   n o r m a l  

f low  g a i n   of  each  of  t he   c o n t r o l   v a l v e s   h a v i n g   o v e r l a p  

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

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

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

to  b o t h   t y p e s   of  v a l v e   a c h i e v e s   s u b s t a n t i a l l y   t h e  

same  maximum  f low  r a t e   to  the   r e s p e c t i v e   a c t u a t o r s .  
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