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©  Hydraulic  control  systemr 
©  A  hydraulic  control  system  comprising  a  hydraulic 
actuator  (20)  and  a  variable  displacement  pump  (22).  A  pilot 
pressure  operated  meter-in  valve  (27)  controls  the  direction 
and  velocity  of  the  actuator  through  a  pair  of  actuator  lines 
(A,  B).  A  pilot  pressure  operated  meter-out  valve  (34d,  35d)  is 
associated  with  each  actuator  line  (A,  b)  for  controlling  the 
flow  out  of  the  actuator  when  that  actuator  line  returns  the 
flow  to  tank.  A  spring  loaded  poppet  valve  (41,  42)  is 
associated  with  each  actuator  line  (A,  B)  and  a  passage  (90) 
extends  from  at  least  one  of  the  poppet  valves  (41)  to  the 
meter-out  valve  (34d)  and  is  operable,  when  the  meter-out 
valve  (34d)  is  closed  after  being  open,  to  reduce  the  pressure 
holding  the  meter-out  valve  (34d)  closed,  thereby  permitting 
the  spring  loaded  poppet  valve  (41)  to  open  at  a  relatively 
low  pressure  developed  in  one  (A)  of  the  lines  associated 
with  the  one  meter-out  valve  (34d),  thereby  allowing  the  one 
meter-out  valve  (34d)  to  open. 
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T h i s   i n v e n t i o n   r e l a t e s   to   a  h y d r a u l i c   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 a m b l e   of  c l a i m   1 .  

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

on  m o b i l e   e q u i p m e n t ,   such   as  e x c a v a t o r s   and  c r a n e s ,   a n d  

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

c y l i n d e r   or  h y d r a u l i c   m o t o r .   The  a c t u a t o r   n o r m a l l y   has   t w o  

o p e n i n g s   or  p o r t s   to  be  u s e d   a l t e r n a t e l y   as  i n l e t   or  o u t l e t .  
A  known  s y s t e m   of  t h a t   k i n d   ( U S - A - 4 , 2 0 1 , 0 5 2 )  

has   s e v e r a l   v a l v e s   h o u s e d   in  a  v a l v e   body   d e s i g n e d   to   b e  

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

i n d e p e n d e n t   p i l o t   o p e r a t e d   m e t e r - i n   v a l v e ,   a  p a i r   of  l o a d  

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

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

r e s p o n s i v e   v a l v e s ,   and  a  p a i r   of  a n t i - c a v i t a t i o n   v a l v e s .  

The  m e t e r - i n   v a l v e   f u n c t i o n s   to   d i r e c t   f l u i d   f l o w   to  o n e  

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

m e t e r - o u t   v a l v e s   a re   a s s o c i a t e d   w i t h   e a c h   of  t h e   a c t u a t o r  

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

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

f l u i d .   The  m e t e r - o u t   v a l v e s   f u n c t i o n   as  v a r i a b l e   o r i f i c e s  

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

a  low  p r e s s u r e   zone  such   as  a  r e s e r v o i r   t a n k .   Each  of  t h e  

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

r e s p o n s i v e   e l e m e n t   wh ich   a c t s   on  t h e   m e t e r - o u t   v a l v e s   i n  

r e s p o n s e   to   l o a d   p r e s s u r e   to   e n a b l e   t h e   m e t e r - o u t   v a l v e s  

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

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

p o r t s   and  a r e   a d a p t e d   to   open   t h e   a p p r o p r i a t e   p o r t   to  t a n k .  

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

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



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

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

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

r e m o t e   c o n t r o l   v a l v e .   In  t h e   a b s e n c e   of  a  command  s i g n a l  

f rom  t h e   h y d r a u l i c   r e m o t e   c o n t r o l ,   t h e   m e t e r - i n   v a l v e  

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

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

v a l v e s ,   and  t h e   a n t i - c a v i t a t i o n   v a l v e s ,   a l l   in   c l o s e d  

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

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

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

f l u i d   s o u r c e   to   t h e   a c t u a t o r   e v e n   in   t h e   e v e n t   of  a  
r u p t u r e d   l i n e .   Due  to  t h e   n o r m a l l y   c l o s e d   m e t e r - o u t   v a l v e s ,  

s u c h   a  h y d r a u l i c   c o n t r o l   s y s t e m   d o e s   no t   l e n d   i t s e l f   t o  

f r e e   f l o a t ,   s w i n g   or  c o a s t   t h e   a c t u a t o r .  

In  many  a p p l i c a t i o n s ,   t h e   need   a r i s e s   f o r   s u c h  

c h a r a c t e r i s t i c .   In  t h e s e   a p p l i c a t i o n s   t he   i m p l e m e n t   a t   t h e  

end  of   t h e   c y l i n d e r   or  a  s w i n g   d e v i c e   f o r   a  boom  a r e  

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

s y s t e m .  

A c c o r d i n g l y   i t   i s   an  o b j e c t   of  t h e   p r e s e n t  

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

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

s w i n g i n g   or   c o a s t i n g   a c t u a t o r s .  

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

t e a c h i n g   of   c l a i m   1 .  

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

s y s t e m   f o r   an  a c t u a t o r   h a v i n g   two  o p e n i n g s ;  

F i g .   2  i s   a  s e c t i o n a l   v iew  of  an  e m b o d i m e n t   of  a  

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

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

e m b o d y i n g   t h e   i n v e n t i o n   c o m p r i s e s   an  a c t u a t o r   20,  h e r e i n  

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

21  t h a t   i s   moved  in   o p p o s i t e   d i r e c t i o n s   by  h y d r a u l i c   f l u i d  

s u p p l i e d   f r o m   a  v a r i a b l e   d i s p l a c e m e n t   pump  22  w h i c h   h a s  

l o a d   s e n s i n g   c o n t r o l   79  t h r o u g h   82  as  i s   f u l l y   d e s c r i b e d   i n  

EP  o o 8 5 , 9 6 2   A3.  The  h y d r a u l i c   c o n t r o l   s y s t e m   f u r t h e r  

i n c l u d e s   a  m a n u a l l y   o p e r a t e d   c o n t r o l l e r   23  t h a t   d i r e c t s  



h i g h   or  low  p i l o t   p r e s s u r e   t h r o u g h   p i l o t   p o r t   C1  or  C2 

to  a  v a l v e   s y s t e m   24  f o r   c o n t r o l l i n g   the   d i r e c t i o n   o f  

movemen t   of  the   a c t u a t o r   20.   F l u i d   f rom  the   pump  22  i s  

d i r e c t e d   t h r o u g h   s u p p l y   l i n e s   25  and  26  and  a  pump  p o r t   P 

to  a  m e t e r - i n   v a l v e   27  t h a t   f u n c t i o n s   to  d i r e c t   a n d  

c o n t r o l   t he   f l o w   of  h y d r a u l i c   f l u i d   to  one  or  t h e   o t h e r  

a c t u a t o r   l i n e s   A  or  B  c o n n e c t e d   to  t he   a c t u a t o r   20.   T h e  

p i l o t   p o r t s   C1  and  C2  l e a d   t h r o u g h   p i l o t   c o n t r o l   l i n e s   2 8 ,  

30  and  p i l o t   c o n t r o l   l i n e s   29,  31,  r e s p e c t i v e l y ,   to  t h e  

o p p o s e d   ends   of  t he   m e t e r - i n   v a l v e   27.   D e p e n d i n g   upon  t h e  

d i r e c t i o n   of  movemen t   of  t h e   m e t e r - i n   v a l v e   27,  h y d r a u l i c  

f l u i d   p a s s e s   t h r o u g h   p a s s a g e s   32,  33  and  a c t u a t o r   l i n e s   A 

or  B  to  one  or  t he   o t h e r   end  of  t h e   a c t u a t o r   2 0 .  

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

n o r m a l l y   c l o s e d   e x h a u s t   v a l v e s   34d ,   35d,   e a c h  p o s i t i o n e d  

b e t w e e n   l i n e s   A  or  B  and  a  r e t u r n   p a s s a g e   36  l e a d i n g   to  a  

t a n k   p o r t   T.  The  e x h a u s t . v a l v e s   34d,   35d  c o n t r o l   t h e  

r e t u r n   f l o w   of  f l u i d   to  t a n k .  

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

s p r i n g   l o a d e d   p o p p e t   v a l v e s   37,  38  in   t he   p a s s a g e s   3 2 , 3 3  

and  s p r i n g - l o a d e d   a n t i - c a v i t a t i o n   v a l v e s   39,  40  w h i c h  

a r e   o p e n e d   when  p r e s s u r e   in   t h e   r e t u r n   p a s s a g e   36  i s  

h i g h e r   t h a n   in  t he   p a s s a g e   32  or  33.  In  a d d i t i o n ,   s p r i n g  

l o a d e d   p o p p e t   v a l v e s   41,   42  ( F i g .   2)  a r e   a s s o c i a t e d   w i t h  

e a c h   v a l v e   34d,   35d  a c t i n g   as  p i l o t   o p e r a t e d   r e l i e f  

v a l v e s .   A  b l e e d   l i n e   47  h a v i n g   an  o r i f i c e   49  e x t e n d s   f r o m  

t h e   r e t u r n   p a s s a g e   36  to  t h e   e x h a u s t   v a l v e s   34d ,   35d  a n d  

to  t he   p i l o t   c o n t r o l   l i n e s   28,  29  t h r o u g h   c h e c k   v a l v e s  

77,  78  ( F i g .   1 ) .  

The  s y s t e m   a l s o   i n c l u d e s   a  back   p r e s s u r e   v a l v e   44 

c o n n e c t e d   to  t he   t a n k   p o r t   T  and  a s s o c i a t e d   w i t h   t he   r e t u r n  

p a s s a g e   36.  Back  p r e s s u r e   v a l v e   44  f u n c t i o n s   to  m i n i m i z e  

c a v i t a t i o n   when  an  o v e r r u n n i n g   or  a  l o w e r i n g   l o a d   t e n d s  

to   d r i v e   t h e   a c t u a t o r   20  down.   A  c h a r g e   pump  r e l i e f   v a l v e  

45  i s   p r o v i d e d   to   t a k e   e x c e s s   f l o w   above   t h e   i n l e t  

r e q u i r e m e n t s   of  t h e   pump  22  and  a p p l y   i t   to  t h e   b a c k  

p r e s s u r e   v a l v e   44  to   a u g m e n t   t h e   f l u i d   a v a i l a b l e   to   t h e  

a c t u a t o r .  



M e t e r - i n   v a l v e   27  c o m p r i s e s   a  b o r e   in  w h i c h   a  s p o o l  

i s   p o s i t i o n e d .   At  low  p i l o t   p r e s s u r e   ( " n o r m a l l y " )   t h e   s p o o l  

i s   m a i n t a i n e d   in   a  n e u t r a l   p o s i t i o n   by  s p r i n g s   and  b l o c k s  

t h e   f l o w   f r o m   t h e   s u p p l y   l i n e 2 6   t o   t h e   p a s s a g e s   32,  3 3 .  

When  h i g h   p i l o t   p r e s s u r e   i s   a p p l i e d   to   e i t h e r   end  of  t h e  

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

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

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

32,   33  i s   p r o v i d e d   w i t h   f l u i d   u n d e r   p r e s s u r e   f r o m  s u p p l y  

l i n e   2 6 .  T h e   s i n g l e   m e t e r - i n   v a l v e   27  may  be  r e p l a c e d   b y  

two  m e t e r - i n   v a l v e s   as  shown  in   D E - 3 , 0 1 1 , 0 8 8   A 1 .  

When  h i g h   p i l o t   p r e s s u r e   i s   a p p l i e d   to  e i t h e r  

c o n t r o l   l i n e   28,   3 0  o r   39,  31  l e a d i n g   to   t h e   m e t e r - i n   v a l v e  

27  a n d  t o   e x h a u s t   v a l v e s   34d  or  35d ,   s u c h   e x h a u s t   v a l v e  

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

A  or  B  to   t h e   p a s s a g e   36,  w h e r e a s   t h e   o t h e r   e x h a u s t   v a l v e  

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

As  i s   f u l l y   d e s c r i b e d   in  EP  o o 8 5 , 9 6 2   A3,  t h e   m e t e r -  

o u t   or   e x h a u s t   v a l v e s   34d ,   35d  a r e   of   t h e   p o p p e t   t y p e   a n d  

h a v e   back   p r e s s u r e   s p a c e s   63a  and  63b ,   r e s p e c t i v e l y ,   w h i c h  

a r e   c o n n e c t e d   to   t h e   a c t u a t o r   l i n e s   A  and  B  t h r o u g h  

o r i f i c e s   62a  and  62b ,   r e s p e c t i v e l y ,   and  can  be  v e n t e d   b y  

r e t r a c t i n g   a  s t e m   65a  and  65b ,   r e s p e c t i v e l y ,   e a c h   i s  

c o n n e c t e d   to   a  p i s t o n   67a  and  6 7 b ,   r e s p e c t i v e l y .   When 

p i l o t   p r e s s u r e   i s   a d m i t t e d   t h r o u g h   c o n t r o l   l i n e   2 8 ,  

p i s t o n   67a  and  s t e m   65a  a r e   moved  and  b a c k   p r e s s u r e   s p a c e  
63a  v e n t e d   so  t h a t   p r e s s u r e   in   t h e   r e t u r n   a c t u a t o r   l i n e  

A  o p e n s   e x h a u s t   v a l v e   34d .   S i m i l a r   o p e r a t i o n   i s   c a r r i e d  

o u t   w i t h   p i l o t   p r e s s u r e   in   c o n t r o l   l i n e   29  and  e x h a u s t  

v a l v e   3 5 d .   The  e x h a u s t   v a l v e s   34d ,   35d  a r e   a l s o   c o n t r o l l e d  

by  t h e   p o p p e t   v a l v e s   41,  4 2 .  

T h e s e   p o p p e t   v a l v e s   41,  42  a r e   a c t e d   u p o n ,   on  o n e  

s i d e ,   by  p r e s s u r e   in   t h e   a c t u a t o r   l i n e   A  or  B,  and,  on  t h e  

o t h e r   s i d e ,   by  t h e   same  p r e s s u r e ,   y e t   d e l a y e d .   To  t h a t  

e n d ,   a  r e s t r i c t e d   p a s s a g e   72  t h r o u g h   c h e c k   v a l v e   37  l e a d s  

to  an  a c c u m u l a t o r   v o l u m e   72a  and  to   a  s p r i n g   c a v i t y   4 1 a  

of  t h e   p o p p e t   v a l v e   41.   So  p o p p e t   v a l v e   41  i s   s e n s i t i v e  

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



t h e   r e s p o n d   p r e s s u r e   ( A n s p r e c h w e r t )   of  t he   e x h a u s t   v a l v e  

34d  f o r   a  s h o r t   t i m e .   Th is   is  a c c o m p l i s h e d   by  v e n t i n g   t h e  

back   p r e s s u r e   s p a c e   63a  of  e x h a u s t   v a l v e   34d  to  l o w  

p r e s u r e   in  r e t u r n   p a s s a g e   36  v ia   a  p a s s a g e   73a .   A  s i m i l a r  

a r r a n g e m e n t   is   w i t h   p o p p e t   v a l v e   42  i n c l u d i n g   a n o t h e r  

a c c u m u l a t o r   v o l u m e   72b,   o r i f i c e   62b  and  p a s s a g e   73b.   When 

t h e   p r e s s u r e   r i s e   has   p a s s e d ,   p o p p e t   v a l v e   41  or   42  

r e t u r n s   in   i t s   n o r m a l   p o s i t i o n   s h u t t i n g   o f f   t h e   p a s s a g e  
73a  or  73b,   so  t h a t   back   p r e s s u r e   in   v a l v e   34d  or  35d  i s  

a g a i n   b u i l t   u p .  
When  m e t e r - i n   v a l v e   27  i s   c e n t e r e d   ( low  p i l o t  

p r e s s u r e s ) ,   r e s t r i c t e d   p a s s a g e s   27a ,   27b  in   t h e   v a l v e   s p o o l  

c o n n e c t   p i l o t   l i n e   30  to  p a s s a g e   32  and  p i l o t   l i n e   31  t o  

p a s s a g e   3 3 .  

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

i n v e n t i o n ,   a  p a s s a g e   90  i s   p r o v i d e d   to  c o n n e c t   p a s s a g e  
32  to  t h e   a c c u m u l a t o r   vo lume  72a  and  t h e r e t h r o u g h   to  t h e  

s p r i n g   c a v i t y   41a  of  t he   p o p p e t   v a l v e   41 .   So  low  p i l o t -  

p r e s s u r e   i s   e x t e n d e d   to  s p r i n g   c a v i t y   4 1 a ,   i . e .   p r e s s u r e  

h o l d i n g   the   p o p p e t   v a l v e   41  c l o s e d   i s   r e d u c e d   and  a l l o w i n g  

to  open   v a l v e   41  when  a  r e l a t i v e l y   low  p r e s s u r e  

( a p p r o x i m a t e l y   200  p s i )   i s   d e v e l o p e d   in   a c t u a t o r   l i n e   A. 

Back  p r e s s u r e   in   s p a c e   63a  i s   v e n t e d   t h r o u g h   p a s s a g e   7 3 a  

and  p r e s s u r e   in   a c t u a t o r   l i n e   A  is   a l l o w e d   to  open   t h e  

e x h a u s t   v a l v e   34d  to  t he   r e t u r n   p a s s a g e   3 6 .  

Thus  i t   can   be  s e e n   t h a t  a d d i t i o n   of  a  s i m p l e  

p a s s a g e   to  t h e   v a l v e   s y s t e m   24  p r o v i d e s   f o r   a  f l o a t   o r  

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

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

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

(92  in   F i g .   1)  b e t w e e n   p a s s a g e   33  and  t h e   a c c u m u l a t o r  

v o l u m e   72b  i s   a d d e d   wh ich   r e d u c e s   t h e   b a c k   p r e s s u r e   o f  

t h e   e x h a u s t  v a l v e   35d  in  t he   n e u t r a l   p o s i t i o n   of  t he   m e t e r -  

in   v a l v e   27.   A c c o r d i n g   to  t he   r e q u i r e m e n t s ,   one  or  t h e  

o t h e r   or  b o t h   p a s s a g e s   90,  92  a r e   u s e d   to  b l e e d   o f f   t h e  

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

v a l v e s   34d  or  35d  c l o s e d ,   t h u s   a l l o w i n g   them  to  ppen  i n  

r e s p o n s e   to  low  p r e s s u r e s   in  t he   a c t u a t o r   l i n e s   A  or  B .  



F i g .   1  s h o w s   an  e m b o d i m e n t   f o r   one  s o u r c e  

o p e r a t e d   e x h a u s t   v a l v e ,   w h e r e a s   F i g .   2  shows  two  p i l o t  

s o u r c e s   o p e r a t e d   e x h a u s t   v a l v e s ,   i . e .   e a c h   back   p r e s s u r e  

s p a c e   6 3 a ,   63b  can   be  v e n t e d   by  p i l o t   v a l v e s   67a ,   6 7 b  

or  41,  4 2 .  



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  

a  pump  (22)   f o r   s u p p l y i n g   f l u i d   u n d e r   p r e s s u r e ,  

a  h y d r a u l i c   a c t u a t o r   (20)  h a v i n g   a  m o v a b l e   e l e m e n t   ( 2 1 )  

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

as  an  i n l e t   and  an  o u t l e t   f o r   t h e   f l u i d ,  

a  l i n e   s y s t e m   (26,   32,  33,  36)  c o n n e c t i n g   s a i d   pump  ( 2 2 )  

to  s a i d   a c t u a t o r   o p e n i n g   and  to   a  t a n k ,  

a  m e t e r - i n   v a l v e   (27)  p o s i t i o n e d   in   s a i d   l i n e   s y s t e m   s o  

as  to  s h u t   o f f   or  to  a d m i t   f l u i d  t o   be  s u p p l i e d   to   s a i d  

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

e x h a u s t   v a l v e s   (34d ,   35d)  c o n n e c t e d   b e t w e e n   s a i d   a c t u a t o r  

o p e n i n g   and  s a i d   t a n k   so  as  to   a d m i t   f l u i d   to  f l o w   t o  

t a n k   or  to  s h u t   o f f   such   f l o w ,   a n d  

a  p i l o t   c o n t r o l l e r   (23)  f o r   a p p l y i n g   f l u i d   a t   h i g h   or  l o w  

p i l o t   p r e s s u r e   to  s a i d   m e t e r - i n   v a l v e   (27)   and  s a i d  

e x h a u s t   v a l v e s   (34d ,   35d)  so  as  to  d e t e r m i n e   t h e   p o s i t i o n  

of  s u c h   v a l v e s ,  

s a i d   m e t e r - i n   v a l v e   (27)  a t   s a i d   low  p i l o t   p r e s s u r e   b e i n g  

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

in   i t s   a d m i t t i n g   p o s i t i o n ,  

e a c h   s a i d   e x h a u s t   v a l v e   ( 3 4 d ,   35d)   h a v i n g   a  b a c k   p r e s s u r e  

s p a c e   ( 6 3 a ,   63b)  wh ich   can  be  v e n t e d   by  a p p l y i n g   h i g h  

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

p a s s a g e   (90)   i s   p r o v i d e d   to   b l e e d   o f f   t h e   p r e s s u r e   in   t h e  

back   p r e s s u r e   s p a c e   (63a)   of  one  e x h a u s t   v a l v e   (34d)   when  

s a i d   m e t e r - i n   v a l v e   (27)  i s   in   i t s   n e u t r a l   p o s i t i o n .  

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

c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

a  s e c o n d   p a s s a g e   (92)  i s   p r o v i d e d   to  b l e e d   o f f   t he   p r e s s u r e  
in  t h e   b a c k   p r e s s u r e   s p a c e   ( 6 3 b )   of  t h e   s e c o n d   e x h a u s t  

v a l v e   ( 3 5 d )   when  s a i d   m e t e r - i n   v a l v e   (27)   i s   in   i t s  

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



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

c l a i m   1  or  2,  w h e r e i n  

e a c h   s a i d   m e t e r - o u t   v a l v e   ( 3 4 d ,   35d)  has   a  n o r m a l l y   c l o s e d  

s p r i n g   l o a d e d   p o p p e t   v a l v e   (41 ,   42)  c o n n e c t e d   w i t h   e a c h  

l i n e   ( 32 ,   33;  A,  B)  e x t e n d i n g   f rom  s a i d   m e t e r - i n   v a l v e  

(27)   and  e a c h   of  s a i d   m e t e r - o u t   v a l v e s   ( 3 4 d ,   3 5 d ) ,   a n d  

s a i d   p a s s a g e   (90)   e x t e n d i n g   f rom  one  of  s a i d   s p r i n g   l o a d e d  

p o p p e t   v a l v e s   (41 )   and  one  of   s a i d   l i n e s   (32)   a s s o c i a t e d  

w i t h   one  of   t h e   m e t e r - o u t   v a l v e s   (34d)   and  o p e r a b l e ,   w h e n  

s a i d   m e t e r - o u t   v a l v e   ( 3 4 d )   i s   c l o s e d   a f t e r   b e i n g   o p e n ,  
to   r e d u c e   t h e   p r e s s u r e   h o l d i n g   t h e   s p r i n g   l o a d e d   p o p p e t  

v a l v e   (41)   c l o s e d ,   t h e r e b y   p e r m i t t i n g   t h e   s p r i n g   l o a d e d  

p o p p e t   v a l v e   (41)   to   open   a t   a  r e l a t i v e l y   low  p r e s s u r e  

d e v e l o p e d   in   s a i d   one   of  s a i d   l i n e s   (A)  a s s o c i a t e d   w i t h  

s a i d   one   m e t e r - o u t   v a l v e   ( 3 4 d ) ,   t h e r e b y   a l l o w i n g   s a i d   o n e  

m e t e r - o u t   v a l v e   ( 3 4 d )   to  o p e n .  
4.  The  h y d r a u l i c   c o n t r o l   s y s t e m   s e t   f o r t h   i n  

c l a i m   3  i n c l u d i n g   a  s e c o n d   p a s s a g e   (92)   e x t e n d i n g   f r o m  

t h e   o t h e r   s a i d   s p r i n g   l o a d e d   p o p p e t   v a l v e   (42)   a s s o c i a t e d  

w i t h   t h e   o t h e r   m e t e r - o u t   v a l v e   (35d)   and  t h e   o t h e r   of  s a i d  

l i n e s   (B)  and  o p e r a b l e ,   when  s a i d   m e t e r - o u t   v a l v e   ( 3 5 d )  

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

t h e   s p r i n g   l o a d e d   p o p p e t   v a l v e   (42)   c l o s e d ,   t h e r e b y  

p e r m i t t i n g   t h e   s p r i n g   l o a d e d   p o p p e t   v a l v e   (42)   t 6 , , o p e n   a t  

a  r e l a t i v e l y   low  p r e s s u r e   d e v e l o p e d   in   s a i d   o t h e r   (B)  o f  

s a i d   l i n e s   a s s o c i a t e d   w i t h   s a i d   o t h e r   m e t e r - o u t   v a l v e   ( 3 5 d ) ,  

t h e r e b y   a l l o w i n g   s a i d   o t h e r   m e t e r - o u t   v a l v e   (35d)   to  o p e n .  
5.  The  h y d r a u l i c   c o n t r o l   s y s t e m   s e t   f o r t h   i n  

any   of   c l a i m s   1  to   4  w h e r e i n   s a i d   m e t e r - i n   v a l v e   ( 2 7 ) ,  

m e t e r - o u t   v a l v e s   ( 3 4 d ,   3 5 d ) , s p r i n g   l o a d e d   p o p p e t   v a l v e s  

( 4 1 ,   42)   a n d  c o n n e c t i n g   p a s s a g e s   (32 ,   33,  A,  B,  90,  9 2 )  

a r e   p r o v i d e d   in   a  v a l v e   b o d y   ( 2 4 ) .  
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