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©  Valve  for  automatically  directing  a  flow  of  fluid. 
©  A  valve  for  automatically  directing  the  flow  of  fluid  from  a 
source  of  pressure  to  each  side  in  turn  of  a  double  acting 
hydraulic  actuator  causing  it  to  reciprocate.  The  valve  assem- 
bly  comprising  a  valve  spool  (12)  which  is  acted  on  by  a  return 
spring  (13)  to  urge  the  valve  spool  into  a  starting  position,  in 
which  position  fluid  flows  to  one  side  of  the  actuator.  Spring 
loaded  valve  means  (17,25)  controls  the  flow  of  fluid,  when  a 
predetermined  pressure  is  exceeded,  to  a  pilot  spool  (14) 
which  acts  on  the  valve  spool  to  change  over  its  position.  The 
valve  spool  (12)  is  held  in  the  change  over  position  by  a  back 
pressure  which  is  generated  during  the  return  of  the  actuator 
by  the  flow  of  fluid  through  a  throttle  (D)  formed  between  the 
valve  spool  and  the  pilot  spool. y  m i  
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  v a l v e   f o r  

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

power   p a c k   to  e a c h   s i d e   in  t u r n   of  a  d o u b l e   a c t i n g  

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

A  v a l v e   of  t h i s   t y p e   i s   u s e f u l   i n ,   f o r   e x a m p l e ,  

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

pumps  and  c e r t a i n   t y p e s   of  p i p e   b e n d i n g   e q u i p m e n t .  

The  known  m e t h o d s   of  a c h i e v i n g   t h i s   a u t o m a t i c  

r e c i p r o c a t i o n   a r e   e i t h e r   e l e c t r i c a l l y ,   f o r   e x a m p l e   b y  

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

can   be  u n r e l i a b l e ,   or  w i t h   a  much  more  c o m p l i c a t e d  

h y d r a u l i c   v a l v e .  

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 e r e   i s  

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

h a v i n g   t h e r e i n   a  v a l v e   s p o o l   whose   p o s i t i o n   c o n t r o l s  

t h e   f l o w   of  f l u i d   f rom  a  s o u r c e   to   one  s i d e   or   t h e  

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

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

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

p i l o t   s p o o l   to   a c t u a t e   same  when  a  p r e d e t e r m i n e d  

p r e s s u r e   i s   e x c e e d e d   in  s a i d   l i n e   to   d i s p l a c e   t h e  

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

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

c o m m e n c e - t h e   r e t u r n   s t r o k e   of  t h e   a c t u a t o r ,   t h e   v a l v e  

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

a g a i n s t   t h e   f o r c e   of  t h e   r e t u r n   s p r i n g   by  a  b a c k  

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

s t r o k e   of  t he   h y d r a u l i c   a c t u a t o r .  

The  back   p r e s s u r e   i s   g e n e r a t e d   by  p r o v i d i n g   a  

r e s t r i c t o r   or  t h r o t t l e   w h i c h   r e s t r i c t s   t h e   f l o w   o f  

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



t he   a c t u a t o r   r e a c h e s   t h e   end  of  t h e   r e t u r n   s t r o k e ,   o r  

i s   s t o p p e d   by  o t h e r   r e s i s t a n c e ,   t h e   b a c k   p r e s s u r e  

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

i t s   s t a r t i n g   p o s i t i o n   by  t h e   r e t u r n   s p r i n g .   T h e  

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

d i s c o n n e c t e d .  

The  s p r i n g   l o a d   v a l v e   means   i s   s e t   to   a c t u a t e  

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

b e l o w   t h e   s e t t i n g   of  a  r e l i e f   v a l v e   f o r   t h e   s y s t e m .  

When  t h e   a c t u a t o r   r e a c h e s   i t s   end  p o s i t i o n ,   or  i s  

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

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

means  and  a c t u a t i n g   t h e   p i l o t   s p o o l .   The  l i n e  

b r a n c h e s   o f f   a  p a s s a g e w a y   l e a d i n g   to   one  s i d e   of  t h e  

a c t u a t o r .   The  a c t u a t o r   i s   t y p i c a l l y   an  h y d r a u l i c  

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

f u r t h e r ,   by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e   t o  

t h e   a c c o m p a n y i n g   d r a w i n g s   of  f i g u r e s   1  to   4  w h i c h  

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

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

a  v a l v e   a c c o r d i n g   to   t h e   i n v e n t i o n   in   d i f f e r e n t  

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

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

t h e   fo rm  of  a  d o u b l e   a c t i n g   c y l i n d e r / p i s t o n   a s s e m b l y   2 0 /  

21,  has   a  pump  1  f o r   f e e d i n g , h y d r a u l i c   f l u i d   to   t h e  

a c t u a t o r   and  r e t u r n   c h a n n e l s   3  l e a d i n g   to   a  r e s e r v o i r  

4.  A  r e l i e f   v a l v e   2  i s   p r o v i d e d   f o r   c o n t r o l l i n g   t h e  

maximum  p r e s s u r e   d e l i v e r e d   by  t h e   pumps  to   t h e   s y s t e m .  

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

f rom  t h e   s o u r c e   to  t h e   a c t u a t o r .   The  v a l v e   a s s e m b l y  

has  a  v a l v e   b o d y   11  a c c o m m o d a t i n g   s l i d a b l y   t h e r e i n  

a  v a l v e   s p o o l   1 2 .  



The  v a l v e   s p o o l   12  is   b i a s e d   i n t o   an  end  p o s i t i o n  

by  a  r e t u r n   s p r i n g   13  in  w h i c h   p o s i t i o n   c o m m u n i c a t i o n  

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

c h a m b e r   A  of  t h e   c y l i n d e r   20.  In  t h i s   p o s i t i o n   a  

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

t h e   r e t u r n   c h a n n e l   3.  Two  l i n e s   16  l e a d   f rom  r e s p e c t i v e  

o u t l e t s   in  t he   v a l v e   body  to   t h e   c h a m b e r s   A  and  B.  

A  l i n e   23  b r a n c h e s   f rom  t h e   l i n e   l e a d i n g   to   c h a m b e r  

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

b a l l   17  w h i c h   i s   u r g e d   i n t o   c o n t a c t   w i t h   a  v a l v e  

s e a t   by  a  s p r i n g   25.  The  v a l v e   means   is   s e t   to   o p e n  

a t   a  p r e s s u r e   s l i g h t l y   b e l o w   t h a t   of  t h e   r e l i e f  

v a l v e   2.  A  p i l o t   s p o o l   14  i s   d i s p o s e d   in  t h e   l i n e  

23  and  i s   c o - o p e r a b l e   w i t h   one  end  of  t h e   v a l v e  

s p o o l   1 2 .  

F i g u r e   1  shows  t h e   v a l v e   s p o o l   in  i t s   s t a r t i n g  

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

to   c h a m b e r   A  to   d i s p l a c e   t h e   p i s t o n   r o d   21  to  t h e  

l e f t ,   as  i l l u s t r a t e d .   When  t h e   p i s t o n   rod   r e a c h e s  

i t s   end  p o s i t i o n ,   as  i l l u s t r a t e d   in  f i g u r e   2,  n o  

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

in  p r e s s u r e   in  t h e   c h a m b e r   A  u n t i l   t h e   p r e s s u r e  

o v e r c o m e s   t he   f o r c e   of  t h e   s p r i n g   25  when  f l u i d   p a s s e s  
down  t h e   l i n e   23  and  a c t s   on  one  end  of  t h e   p i l o t  

s p o o l   14.   T h i s   c a u s e s   t h e   v a l v e   s p o o l   12  to   b e  

d i s p l a c e d   a g a i n s t   t h e   f o r c e   of  t h e   r e t u r n   s p r i n g   13  

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

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

w i t h   c h a m b e r   B,  and  c h a m b e r   A  i s   in  c o m m u n i c a t i o n  

w i t h   t h e   r e t u r n   c h a n n e l . 3 .   T h u s ,   t h e   p i s t o n   rod   21  

c o m m e n c e s   i t s   r e t u r n   s t r o k e  -   s ee   f i g u r e   3 .  



D u r i n g   t h e   r e t u r n   s t r o k e   f l u i d   i s   f o r c e d   f r o m  

c h a m b e r   A  by  t h e   a d v a n c i n g   p i s t o n ,   b a c k   to   t h e  

r e s e r v o i r   4.  A  t h r o t t l e   or   r e s t r i c t i o n   D  i s   p r o v i d e d  

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

end  f a c e   of  t h e   p i l o t   v a l v e   14  and  an  a d j a c e n t   e n d  

of  t h e   v a l v e   s p o o l   12.  The  v a l v e   s p o o l   has   a n  

o r i f i c e   27  t h e r e i n   by  way  of  w h i c h   t h e   f l u i d   has  t o  

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

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

w h i c h   a c t s   on  t h e  v a l v e   s p o o l   12  in   a  d i r e c t i o n  

a g a i n s t   t h e   r e t u r n   s p r i n g   13.  T h u s ,   t h e   v a l v e   s p o o l  

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

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

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

A  r a d i a l   h o l e   28  (or   s e v e r a l   s u c h   h o l e s )   in  t h e  

s p o o l   p r o v i d e s   r e l i e f   of  any  p r e s s u r e   t r a p p e d   in  t h e  

end  c o m p a r t m e n t   2 7   of  t h e   s p o o l   12  d u r i n g   r e t u r n  

s h i f t i n g .   The  h o l e   i s   s i z e d   so  t h a t   t h e   p r e s s u r e   d r o p  

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

to   k e e p   t h e   s p o o l   in   t h e   s h i f t e d   p o s i t i o n   a g a i n s t   t h e  

s p r i n g .  

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

i t s   s t a r t i n g   p o s i t i o n   in  w h i c h   p o s i t i o n   a  f l a n g e   o r  

c i r c l i p   15  on  t h e   p i l o t   s p o o l   e n g a g e s   t h e   v a l v e   b o d y ,  

by  v i r t u e   of  t h e   f a c t   t h a t   t h e   v a l v e   m e a n s ,   i . e .   b a l l  

17,  c l o s e s   o f f   t h e   l i n e   23  so  t h a t   f l u i d   can  o n l y  

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

T h u s ,   r e t u r n   of  t h e   p i l o t   s p o o l   i s   r e s t r i c t e d   b y  

c a r e f u l   c o n t r o l   of  t h e   l e a k a g e   p a t h   C .  

At  t h e   end  of  t h e   r e t u r n   s t r o k e   of  t h e   p i s t o n  

rod   21,  t h e r e   i s   no  more  f l u i d   f o r c e d   f rom  t h e   c h a m b e r  

A  and  t h e   b a c k   p r e s s u r e   c e a s e s ,   w h e r e u p o n   t he   r e t u r n  



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

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

and  so  r e p e a t   t h e   c y c l e .   The  v a l v e   s p o o l   c o n t a c t s  

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

s t a r t i n g   p o s i t i o n .   The  f l u i d   in  t h e   l i n e   23  i s   f o r c e d  

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

t h e   p i l o t   s p o o l .  

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

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

t h e   v a l v e   r e - s e t s   i t s e l f   i n t o   t he   s t a r t i n g   p o s i t i o n ,  

shown  in  f i g u r e   1,  u n d e r   t h e   a c t i o n   of  t h e   s p r i n g   1 3 .  

I f   an  e x c e s s i v e   r e s i s t a n c e   i s   e n c o u n t e r e d   d u r i n g  

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

c h a n g e   o v e r   so  t h a t   t h e   s t r o k e   of  t h e   a c t u a t o r   i s  

r e v e r s e d .   The  c y c l e   w i l l   t h e n   c o n t i n u e .   T h i s   o c c u r s  

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

p r e s s u r e   in  c h a m b e r   A  so  t r i g g e r i n g   t h e  v a l v e   m e a n s  

or  t e r m i n a t i o n   of  t h e   back   p r e s s u r e   as  a  r e s u l t   o f  

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



1.  A  v a l v e   a s s e m b l y   c o m p r i s i n g   a  v a l v e   body  ( 1 1 )  

h a v i n g   t h e r e i n   a  v a l v e   s p o o l   (12)   whose   p o s i t i o n   c o n t r o l s  

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

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

s p r i n g   l o a d e d   v a l v e   means   ( 1 7 , 2 5 )   c o n t r o l l i n g   t h e   f l o w  

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

a  p i l o t   s p o o l   (14)   to   a c t u a t e   same  when  a  p r e d e t e r m i n e d  

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

s p o o l   (12)   a g a i n s t   t h e   f o r c e   of  a  r e t u r n   s p r i n g   ( 1 3 )  

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

commence  t h e   r e t u r n   s t r o k e   of  t h e   a c t u a t o r ,   t h e   v a l v e .  s p o o l  

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

a g a i n s t   t h e   f o r c e   of  t h e   r e t u r n   s p r i n g   ( 1 3 )  b y   a  b a c k  

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

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

2.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   1  i n  

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

( 1 7 ) ,   a  v a l v e   s e a t   and  a  s p r i n g   ( 2 5 ) ,   a l l   of   w h i c h  

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

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

3.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m s   1  a n d  

2  in  w h i c h   t h e   p i l o t   s p o o l   (14)  i s   s l i d a b l e   in  a  b o r e  

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

t h e   v a l v e   body   a c c o m m o d a t i n g   t h e   v a l v e   s p o o l   ( 1 2 ) .  

4.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   3  i n  

w h i c h   a  l e a k a g e   p a t h   (C)  e x i s t s   b e t w e e n   t h e   p i l o t  

s p o o l   (14)   and  t h e   b o r e   in  w h i c h   i t   i s   s l i d a b l y  

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

movement   of  t h e   p i l o t   s p o o l   to   i t s   s t a r t i n g   p o s i t i o n .  

5.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   4  i n  

wh ich   t h e   s t a r t i n g  p o s i t i o n   of  t h e   p i l o t   s p o o l   ( 1 4 )  
i s   d e f i n e d   by  a  c o l l a r   (15)  c a r r i e d   by  t h e   p i l o t  

s p o o l   ( 1 4 ) .  



6.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in  any  p r e c e d i n g  

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

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

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

r e t u r n   s t r o k e .  

7.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   6  i n  

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

c o m p a r t m e n t   (27)   in  t h e   v a l v e   s p o o l   (12)   and  t h e  

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

o r i f i c e   (27)   b e t w e e n   an  end  f a c e   of  t h e   p i l o t   s p o o l  

(14)  and  an  a d j a c e n t   end  of  t h e   v a l v e   s p o o l   ( 1 2 )  

8.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   7  i n  

w h i c h   one  or   more   b o r e s   (28)  a r e   d i s p o s e d   in  t h e   v a l v e  

s p o o l   (12)  and   l e a d   f rom  t h e   c o m p a r t m e n t   (27)  t o   t h e  

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