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@  Hydraulic  valve. 

A  hydraulic  valve  for  controlling  the  flow  of  hydraulic 
fluid  from  a  source  of  fluid  under  pressure  (17,  21)  to  and 
from  at  least  one  load  shifting  hydraulic  motor  (25).  The 
valve  comprises  a  valve  body  (10)  housing  an  axially  mov- 
able  spool  (11)  and  a  spool  manipulator  means  actuable  to 
shift  the  spool  (11)  in  opposite  directions  from  a  neutral 
position  to  cause  fluid  flow  to  a  hydraulic  motor  to  move  a 
load  coupled  thereto  in  a  desired  direction.  Incorporated  in 
the  valve  are  pilot  operated  poppet  valves  (34, 35)  operative 
to  substantially  prevent  fluid  leakage  past  the  main  spool 
(11)  when  the  latter  is  in  its  neutral  position. 



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   v a l v e .  

Known  h y d r a u l i c a l l y   a c t u a t e d   l o a d   c h e c k   s y s t e m s   a r e   a b l e  

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

a v a i l a b l e .   T h i s   m e a n s   t h a t   l o a d s  c a n   be  l o w e r e d   o n l y  
w h e n   t h e   h y d r a u l i c   p u m p   i s   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   to   t h e   s y s t e m .   Fo r   e x a m p l e ,   t h e   h y d r a u l i c   p u m p  
f o r   o p e r a t i n g   a c c e s s o r i e s   c o u p l e d   t o   an  a g r i c u l t u r a l  

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

t h e r e f o r e ,   i s   o p e r a t i v e   o n l y   when  t h e   e n g i n e   i s   r u n n i n g .  

I f   an  o p e r a t o r   f o r g e t s   to   l o w e r   a  l o a d   c o m p l e t e l y   b e f o r e  

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

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

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

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

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

w o u l d   s u d d e n l y   f a l l   b e c a u s e   t h e   c o n t r o l   h a n d l e   had  b e e n  

p l a c e d   in  d e t e n t e d   p o s i t i o n   w h i l e   t h e   e n g i n e   was  o f f .  

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  

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

f l u i d   f r o m   a  s o u r c e   of  f l u i d   u n d e r   p r e s s u r e   to   and  f r o m  

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

c o m p r i s i n g   a  v a l v e   body   h o u s i n g   an  a x i a l l y   m o v a b l e   m a i n  

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

p l u r a l i t y   of  p a s s a g e s   e x t e n d i n g   t h r o u g h   t h e   v a l v e   b o d y  

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

or  more   f l u i d   o u t p u t   c o n n e c t i o n s ,   c h a r a c t e r i s e d   by  s p o o l  

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

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

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

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

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

s p o o l   when  t h e   l a t t e r   i s   in  a  n e u t r a l   p o s i t i o n .  



The  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  o f  

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

w h i c h  :  

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

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

t h e   p r e s e n t   i n v e n t i o n ,  

F i g u r e   2  i s   a  v i e w   in   p a r t   s i m i l a r   t o   F i g u r e   1  o f  

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

c o n t r o l l e d ,   a n d  

F i g u r e   3  i s   a  s c h e m a t i c   v i e w   of   a  p r i o r   a r t   l o a d  

c h e c k   s y s t e m .  



The  h y d r a u l i c   v a l v e   d e s c r i b e d   h e r e i n   is  used   t o  

c o n t r o l   the   f low  of  h y d r a u l i c   f l u i d   ( w h i c h   c o u l d   be  at  h i g h  

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

v a l v e .   Two  e m b o d i m e n t s   of  the   v a l v e   a re   shown.   The  f i r s t  

e m b o d i m e n t   is  m e c h a n i c a l l y   a c t u a t e d   and  the   s e c o n d   e m b o d i -  

ment  is  e l e c t r i c a l l y   c o n t r o l l e d .   A  m a j o r i t y   of  the   p a r t s  

a re   common  t o  b o t h   v a l v e s .   The  p r i m a r y   a p p l i c a t i o n   o f  

t h e s e   v a l v e s   is  in  a g r i c u l t u r a l   t r a c t o r s .  

F i g u r e   1  shows  the   m e c h a n i c a l   v e r s i o n   of  t he   v a l v e  

10  w i t h   the  main  s p o o l   11  in  the   n e u t r a l   p o s i t i o n .   T h e  

i n l e t  p o r t   12  and  the   p i l o t   s i g n a l   p o r t   1 3  o f   the   v a l v e   10  

can  be  c o n n e c t e d   e i t h e r   to  the   o u t p u t   p o r t   14  and  s i g n a l  

p o r t   15  of  an  u n l o a d i n g   v a l v e   16  when  the   h y d r a u l i c  s u p p l y  
is  from  a  f i x e d   d i s p l a c e m e n t   pump  17,  or  to  the   o u t p u t   p o r t  

18  and  s i g n a l   p o r t   19  of  a  p r e s s u r e   f l o w   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   pump  21.  I t   is  p o s s i b l e   to  c o n n e c t  

s e v e r a l   v a l v e s   s i m i l a r   to  v a l v e   10  s i m u l t a n e o u s l y   to  t h e  

o u t l e t   p o r t s   14  or  18  and  the   s i g n a l   p o r t s   15  or  19  of  t h e  

two  h y d r a u l i c   s o u r c e s .   As  an  e x a m p l e ,   v a l v e   22  is  s h o w n  

c o n n e c t e d   to  p o r t s   14  and  15.  The  o u t p u t   p o r t s   23  and  24  

of  the   v a l v e   a re   shown  c o n n e c t e d   to  any  o t h e r   h y d r a u l i c  

mo to r   or  a c t u a t o r   w i t h   two  p o r t s .  

I t   is  a l s o   p o s s i b l e   to  c o n n e c t   a c t u a t o r s   w i t h   o n l y  

one  p o r t   to  the  v a l v e   a s  i s   shown  in  F i g u r e   la   where   a  

s i n g l e   a c t i n g   c y l i n d e r   26  is  c o n n e c t e d   to  p o r t  2 3 .   S i n g l e  

a c t i n g   c y l i n d e r s   can  e x t e n d   and  r e t r a c t   when  c o n n e c t e d   t o  

e i t h e r   o u t l e t   p o r t   2 3  o r  2 4 .   H o w e v e r ,   in  the   p r e s e n t  

d e s i g n ,   t h e r e   is  an  a d v a n t a g e   when  the  s i n g l e   a c t i n g  

c y l i n d e r   is  c o n n e c t e d   to  p o r t   23.  T h i s   w i l l   be  e x p l a i n e d  

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

The  c h a m b e r s   27  and  28  of  the   v a l v e   10  a r e   i n -  

t e r n a l l y   c o n n e c t e d   t o g e t h e r ,   and  by  means   of  a  r e t u r n   p o r t ,  

to  the  sump  of  the  h y d r a u l i c   s y s t e m .   (not  shown) . - In   Figure  1,  



the   o u t l e t   p o r t s   23  and  24  a re   fo rmed   by  the   q u i c k -  

d i s c o n n e c t   c o u p l e r s   29  and  31  wh ich   a re   h o u s e d   in  the  s a m e  

body  a s  v a l v e   10.  The  c o u p l e r s   29  and  31  a c t   as  t h r o u g h  

p a s s a g e w a y s   b e t w e e n   p o r t   23  and  p a s s a g e   32  and  b e t w e e n   p o r t  

24  and  p a s s a g e   33,  r e s p e c t i v e l y ,   once   t h e y   a re   c o n n e c t e d   t o  

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

When  the   v a l v e   s p o o l   11  is  in  the   n e u t r a l   p o s i -  

t i o n ,   t he   l o a d   c h e c k   v a l v e s   34  and  35  a re   s e a t e d   a n d  

p r e v e n t   the   l o a d   ( i n   t h i s   c a s e   a  w e i g h t   on  c y l i n d e r   2 5 )  

f rom  m o v i n g .   The  o i l   in  p a s s a g e   32  is   a l s o   c o n n e c t e d  
. 

t h r o u g h   o r i f i c e   36  and  p a s s a g e   37  to  c h a m b e r   38.  The  o i l  

in  c h a m b e r   38  i s   c h e c k e d   by  b a l l   39  w h i c h   s e a l s   o r i f i c e   4 1 .  

S l e e v e   42,  in  the   n e u t r a l   p o s i t i o n ,   a l l o w s   p i l o t   a c t u a t i n g  

p i n   43  to  e x e r t   no  f o r c e   on  b a l l   39  so  t h a t   the   o i l   i n  

c h a m b e r   38  is  p r e v e n t e d   f rom  e n t e r i n g   o r i f i c e   41  and  f r o m  

t h e r e   d r a i n i n g   to  the  c h a m b e r   28.  S i m i l a r l y ,   t he   o i l   i n .  

p a s s a g e   33  is  c o n n e c t e d   t h r o u g h   o r i f i c e   44  a n d .  p a s s a g e   4 5  

to  c h a m b e r   46.  Wi th   the   s l e e v e   42  in  the   n e u t r a l   p o s i t i o n ,  

p i n   47  e x e r t s   no  f o r c e   on  b a l l   48,  and  t h e  o i l   in  c h a m b e r  

46  i s   p r e v e n t e d   from  e n t e r i n g   o r i f i c e   49  and  t h e n c e   d r a i n -  

ing  i n t o   c h a m b e r   2 8 .  

S l e e v e   42  i s   a  s e p a r a t e   p a r t   wh ich   i s   a t t a c h e d   t o  

the   s p o o l   11  by  means  of  sh ims   and  a  snap   r i n g   so  t h a t   t h e  

r e l a t i v e   m o t i o n   of  the   p i n s   43  and  47  w i t h   r e s p e c t   to  t h e  

o p e n i n g   and  c l o s i n g   of  the   p r e s s u r e   and  t ank   p o r t s   is  i n  

the   r i g h t   s e q u e n c e .   I t   is  p o s s i b l e   to  make  the   s l e e v e   a  

p a r t   of  the   s p o o l   i t s e l f   in  d e s i g n s   where   a  l a r g e r   d e a d -  

band  a t   n e u t r a l   is  p e r m i s s i b l e ,   or  where   o t h e r   d i m e n s i o n s  

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

s u i t a b l e   t o l e r a n c e s .   An  a d v a n t a g e   of  the   p r e s e n t   d e s i g n ,  

where   t he   s l e e v e   42  is  a  s e p a r a t e   p a r t   f rom  the   s p o o l ,   i s  

t h a t   the   s i d e   l o a d s   on  the   s l e e v e ,   e x e r t e d   by  the  p i n s   43 

and  47  and  the   d e t e n t   p l u n g e r   51,  a re   no t   t r a n s m i t t e d   t o  

the   s p o o l   bu t   a r e   d i r e c t l y   t r a n s m i t t e d   to  the   body  of  t h e  

v a l v e   10.  T h i s   l e s s e n s   the   c h a n c e s   of  b i n d i n g   for   the   m a i n  

s p o o l   11  s i n c e  i t   is  s u b j e c t e d   o n l y   to  a x i a l   l o a d s .  



In  the  a b s e n c e   of  e x t e r n a l   f o r c e s ,   s p o o l   11  i s  

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

the  h o u s i n g   52.  The  e d g e s   53  and  54  on  the   s p o o l   11  a r e  

p o s i t i o n e d   so  as  to  c l o s e   o f f   the   chamber   55  w h i c h   i s  

c o n n e c t e d   t h r o u g h   p a s s a g e   56,  the   s l o t   in  the   f l ow  c o n t r o l  

v a l v e   57  and  h o l e s   in  p r e s s u r e   c o m p e n s a t i n g   s p o o l   58  t o  

p a s s a g e   59  and  the  i n l e t   p o r t   12  to  wh ich   the  p r e s s u r e  

s u p p l y   is  c o n n e c t e d .   E d g e s   61  and  62  on  the   s p o o l   11  h a v e  

a  s m a l l   t a p e r   on  t h e i r   d i a m e t e r   so  t h a t   at   the   n e u t r a l  

p o s i t i o n   chamber   63  d r a i n s   i n t o   c h a m b e r   27  and  c h a m b e r   64  

d r a i n s   i n t o   c h a m b e r   28.  C h a m b e r s   63  and  6 4 j a r e   c o n n e c t e d  

to  the  s h u t t l e   v a l v e   65  w h i c h   a l l o w s   o n l y   the  l a r g e r  

p r e s s u r e   of  the   two  to  be  s e n s e d   a t   c h a m b e r   66  and  t h r o u g h  
t 

o r i f i c e   6 7  a t   c h a m b e r   68.  At  n e u t r a l ,   the   p r e s s u r e   i n  a l l  

t h e s e   c h a m b e r s   is  a t   t a n k   p r e s s u r e ,   c h a m b e r   66  is  c o n n e c t e d  

to  the   l o a d   s e n s i n g   p o r t   13  t h r o u g h   the  c h e c k   v a l v e   69.  I f  

v a l v e   22  is  a l s o . a t   n e u t r a l ,   the   p r e s s u r e   in  the   l o a d  

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

s u r e   s u p p l y   in  the   i n l e t   p o r t   w i l l   be  a t   s t a n d b y   p r e s s u r e .  

At  t h i s   c o n d i t i o n ,   in  the   c a se   of  the   f i x e d   d i s p l a c e m e n t  

pump  17,  a l l   the   pump  f low  w i l l   be  b y p a s s e d   by  the   u n -  

l o a d i n g   v a l v e   16  to  e i t h e r   the  t a n k   or  to  some  o t h e r  

c i r c u i t .   In  the   c a s e   of  the   v a r i a b l e   d i s p l a c e m e n t   pump  2 1 ,  
the   o u t p u t   f low  would   be  j u s t   s u f f i c i e n t   to  m a i n t a i n   t h e  

l e a k a g e   a t   s t a n d b y   p r e s s u r e .  

When  s p o o l   11  moves   to  the   l e f t ,   the   s l e e v e   4 2  

a l s o   m o v e s  w i t h   i t .   A f t e r   a  c e r t a i n   s m a l l   i n i t i a l   d i s -  

p l a c e m e n t ,   s l e e v e   42  c o n t a c t s   p in   43  and  s t a r t s   r a i s i n g   i t .  

When  the   p i n   43  r i s e s ,   i t   c o n t a c t s   b a l l   39  and  r a i s e s   i t  

o f f   i t s   s e a t   on  o r i f i c e   41.  Once  the   b a l l   39  is   o f f   i t s  

s e a t ,   o i l   in  the   c h a m b e r  3 8 ,   p a s s a g e w a y   37  and  c h a m b e r   71  

can  d r a i n   to  the  c h a m b e r   28  t h r o u g h   o r i f i c e   36. ,   T h i s  

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

c h e c k   v a l v e   34  so  t h a t   i t   is  u n s e a t e d   and  o p e n s   c o m m u n i -  

c a t i o n   b e t w e e n   c h a n n e l   32  and  c h a m b e r   6 3 .  



As  the   s p o o l   11  moves  f u r t h e r   to  the   l e f t ,   edge   54  

o p e n s   a , f l o w   p a t h   b e t w e e n   the  chamber   55  and  c h a m b e r   6 4 .  

A l s o ,   edge   62  of  the   s p o o l   11  c l o s e s   o f f   t he   f low  p a t h  

b e t w e e n   c h a m b e r   64  and  c h a m b e r   28.  Edge  61  on  the  s p o o l   11  

o p e n s   up  the   f l o w   p a t h   b e t w e e n   c h a m b e r   63  and  c h a m b e r   2 7 .  

O i l   f l o w i n g   i n t o   c h a m b e r   64  w i l l   n o t  b e   a b l e   to  f l o w   i n t o  

p a s s a g e   33  u n t i l   the   p r e s s u r e   in  c h a m b e r   64  is  g r e a t e r   t h a n  

the   p r e s s u r e   in  p a s s a g e   33.   The  p r e s s u r e   in  c h a m b e r   64  

b u i l d s   up  to  the   r e q u i r e d   l e v e l   as  f o l l o w s .  

The  p r e s s u r e   in  c h a m b e r   64  is   t r a n s m i t t e d   t h r o u g h  

the   s h u t t l e   v a l v e   65,  c h a m b e r   66,  c h e c k   v a l v e   69,  and  l o a d  

s e n s i n g   p o r t   13  to  the   p o r t   15  on  the  u n l o a d i n g   v a l v e   1 6 .  

T h i s   c a u s e s   the   p r e s s u r e   a t   p o r t   14  to  r i s e  t o   t he   l e v e l   o f  

t h e   p r e s s u r e   in  p o r t   15  p l u s   the  s t a n d b y   p r e s s u r e   l e v e l   o f  

the   u n l o a d i n g   v a l v e .   The  p r e s s u r e   in  p o r t   15  is  fed   b a c k  

i n t o   the   v a l v e   10  t h r o u g h   p o r t   12,  p a s s a g e s   59,  56,  55  a n d  

i n t o   64.  T h u s ,   the   p r e s s u r e   in  c h a m b e r   64  c o n t i n u e s   t o  

r i s e   u n t i l   the   c h e c k   v a l v e   35  is   o p e n e d   and  f low  can  p r o -  
ceed   to  the   c y l i n d e r   24.  The  r e t u r n   f low  from  the   c y l i n d e r  

e n t e r s   the  v a l v e   10  a t   p o r t   23  and  is  d r a i n e d   in  c h a m b e r   16  

t h r o u g h   p a s s a g e   32  and  c h a m b e r   6 3 .  

T h e   p r e s s u r e   c o m p e n s a t i n g   s p o o l   58  p r o v i d e s   a  

means   by  wh ich   the   f l o w   of  o i l   from  c h a m b e r   55  i n t o   c h a m b e r  

64  i s   made  p r o p o r t i o n a l   to  the   a r e a   o p e n e d   up  by  edge  54  o f  

the   s p o o l .   In  t h e   f o l l o w i n g   d i s c u s s i o n ,   the   f l ow  c o n t r o l  

v a l v e   57  i s   a s s u m e d   to  be  wide   open  so  t h a t   the   a r e a   o f  

f l o w   a t   the   f l o w   c o n t r o l   v a l v e   is  much  l a r g e r   t h a n   the   f l o w  

a r e a   e x p o s e d   by  edge   54  of  the   s p o o l .   The  f l o w   a r e a  

e x p o s e d   b y  e d g e   54  may  be  made  to  f o l l o w   any  s u i t a b l e  

f u n c t i o n   of  the   a x i a l   d i s p l a c e m e n t   of  the   s p o o l   11.  F o r  

e x a m p l e ,   the   a r e a   may  be  d i r e c t l y   p r o p o r t i o n a l   to  t h e  

d i s p l a c e m e n t .   The  f l ow  a c r o s s   a  s h a r p   edge  o r i f i c e  

g e n e r a l l y   f o l l o w s   the   r u l e   Q  =  K A  P ,   whe re   Q  =  f l o w ,   K  = 

c o n s t a n t ,   A  =  f l o w   a r e a ,   P  =  p r e s s u r e   d r o p   a c r o s s   f l o w  

a r e a .   T h i s   f o r m u l a   i n d i c a t e s   t h a t   the   f l ow  Q  may  be  m a d e  



p r o p o r t i o n a l   to  the  f low  a r e a   A  by  h o l d i n g   the   p r e s s u r e  

d r o p   P  a c r o s s   the  a r e a   c o n s t a n t .   The  p r e s s u r e   c o m p e n -  
s a t i n g   s p o o l   58  s e e k s   to  do  t h i s .   The  p r e s s u r e   d r o p   P  i s  

the   d i f f e r e n c e   in  p r e s s u r e   b e t w e e n   the  p r e s s u r e s   in  c h a m -  

b e r s   55  and  64.  The  p r e s s u r e   in  c h a m b e r   55  is  s e n s e d   a t  

the   l e f t   end  of  the  s p o o l   58  and  the  p r e s s u r e   in  c h a m b e r   64  

is  s e n s e d   a t   the   r i g h t   end  of  the   s p o o l   in  the   c a v i t y   6 8 .  

The  s p o o l   is  a l s o   s u b j e c t e d   to  a  f o r c e   by  s p r i n g   71  w h i c h  

o p p o s e s   and  b a l a n c e s   the   f o r c e   on  the   s p o o l   due  to  t h e  

p r e s s u r e   d i f f e r e n c e ,   P,  a c r o s s   i t .   I f   the   f o r c e   due  to  t h e  

p r e s s u r e   d i f f e r e n c e   e x c e e d s   the   s p r i n g   f o r c e ,   s p o o l   58  

c h o k e s   the  i n c o m i n g   f low  at  the   m e t e r i n g   edge  73  so  t h a t  

the   f o r c e   b a l a n c e   is  r e s t o r e d .   S i m i l a r l y ,  i f   t he   p r e s s u r e  

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

the  s p r i n g   f o r c e ,   the   s p o o l   58  a t t e m p t s   to  r e s t o r e   t h e  

b a l a n c e   by  r e d u c i n g   the  r e s t r i c t i o n   at   edge  73.   In  t h i s  

m a n n e r ,  t h e   f l ow  a c r o s s   the   edge   54  of  the   main   s p o o l   1 1  

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

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

the   m e t e r i n g   a r e a   of  the   main   s p o o l   11  is  t h a t   t he   f l o w  

f o r c e s   on  the  s p o o l   a re   a l s o   c o n s t a n t   and  u s u a l l y   l o w e r  

t h a n   in  d e s i g n s   where   t h e  m a x i m u m   p o s s i b l e   p r e s s u r e   d r o p   i s  

a l l o w e d   to  o c c u r   a c r o s s   the  s p o o l .   R e d u c e d   f l o w   f o r c e s  

mean  t h a t   the   e f f o r t   n e e d e d   to  move  the   s p o o l   is   r e d u c e d ,  

wh ich   is  an  a d v a n t a g e   d u r i n g   m a n u a l   o p e r a t i o n   of  the   v a l v e .  

As  the   s p o o l   11  c o n t i n u e s   to  move  f u r t h e r   to  t h e  

l e f t ,   t he   o u t p u t   f low  i n c r e a s e s   p r o p o r t i o n a l l y   to  the  a r e a  

o p e n e d   up  by  edge   54.  When  the  maximum  f low  p o s i t i o n   h a s  

a l m o s t   been  r e a c h e d ,   s l e e v e   42  c a u s e s   d e t e n t   p i s t o n   51  t o  

r a i s e .   T h i s   is  s e n s e d   by  a  human  o p e r a t o r   as  an  i n c r e a s e  

in  r e s i s t a n c e   to  the  f u r t h e r   movement   of  the   s p o o l .   T h i s  

f e a t u r e   is  p r o v i d e d   so  t h a t   t he   o p e r a t o r   has  a  means   o f  



s e n s i n g   when  the   s p o o l   w i l l   be  g o i n g   i n t o   d e t e n t .   I f   t h e  

o p e r a t o r   w i s h e s   to   pu t   the   s p o o l   i n t o   d e t e n t ,   he  can  f o r c e  

the   s p o o l   a  l i t t l e   f u r t h e r   and  the  d e t e n t   p i s t o n   51  w i l l  

c o n t i n u e  t o   h o l d   the   s l e e v e   42  and  the   s p o o l   11  in  t h a t  

p o s i t i o n .   I f   t he   o p e r a t o r   does   no t   wish   to  d e t e n t   t h e  

s p o o l ,   he  has  an  i n d i c a t i o n -   t h a t   he  has  r e a c h e d   the  m a x i m u m  

f low  p o s i t i o n   of  the   s p o o l .   T h i s   f e a t u r e   i s   d e s i r e d   w h e n  

the   v a l v e   is  s t r o k e d   c o n t i n u a l l y   as  in  l o a d e r   o p e r a t i o n .  

The  s p o o l   11  may  be  t a k e n   ou t   of  d e t e n t   a n d  

r e t u r n e d   to  n e u t r a l   e i t h e r   m a n u a l l y   by  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 he   d e t e n t   p i s t o n   51  or  a u t o m a t i c a l l y   w h e n  

the   s y s t e m   p r e s s u r e   r e a c h e s   a  p r e s e t   v a l u e .   When  t h e .  

p r e s s u r e   in  c h a m b e r   55  e x c e e d s   the   p r e s s u r e ,   s e t   a t   r e l i e f  

v a l v e   74,   o i l   f l o w s   i n t o   c h a m b e r   75  and  p u s h e s   the   d e t e n t  

p i s t o n   back   so  t h a t   t he   s l e e v e   42  (and   s p o o l   11)  may  r e t u r n  

to  t he   n e u t r a l   p o s i t i o n .   T h i s   f e a t u r e   is  r e q u i r e d   when  t h e  

s p o o l   is  p l a c e d   in  d e t e n t   and  the   c y l i n d e r   25  s t r o k e s   u n t i l  

i t   r e a c h e s   the   end  of  i t s   t r a v e l .   T h e   p r e s s u r e   t h e n   b u i l d s  

up  to  t he   pump  r e l i e f   p r e s s u r e ,   u n l e s s   i t   is  r e l i e v e d   b y  

r e t u r n i n g   the   s p o o l   11  to  n e u t r a l .   Once  the  s p o o l   11  

r e t u r n s   to  n e u t r a l ,   the   p r e s s u r e   in  c h a m b e r   55  d r o p s   to  t h e  

s t a n d b y   l e v e l ,   the   r e l i e f   v a l v e   74  r e s e a t s ,  a n d   the   d e t e n t  

p i s t o n   51  is  r e t u r n e d   by  i t s   s p r i n g .  

D u r i n g   the  e n t i r e   l e f t w a r d   movemen t   of  the   s p o o l  

11  and  the   s l e e v e   42,  p i n   43  c o n t i n u e s   to  keep  b a l l   39 

r a i s e d   o f f   i t s   s e a t   so  t h a t   p o p p e t   c h e c k   v a l v e   34  a l s o  

c o n t i n u e s   to  be  o f f   i t s   s ea t -   to  a l l o w   r e t u r n   o i l   to  f r e e l y  

f l o w   from  p a s s a g e   32  i n t o   c h a m b e r   63  and  chamber   2 7 .  

The  f u n c t i o n   of  t h e   f low  c o n t r o l   v a l v e   57  is  t o  

r e s t r i c t   the   maximum  f l o w   from  the  v a l v e   to  a  p r e s e   t  v a l u e  

when  the   s p o o l   11  is  pu t   i n t o   i t s   f i r s t   d e t e n t   p o s i t i o n  

when  moving   to  the  l e f t .   T h i s   is  done  by  v a r y i n g   f l ow  a r e a  

76  by  r o t a t i n g   the   v a l v e   57  t h r o u g h   c o n t r o l   l e v e r   7 8 .  

S i n c e   the  f low  t h r o u g h   the  v a l v e   is  p r o p o r t i o n a l   to  t h e  



f low  a r e a   a c r o s s   wh ich   the   p r e s s u r e   d r o p   is  m a i n t a i n e d   b y  

the  p r e s s u r e   c o m p e n s a t i n g   s p o o l   58,  v a r y i n g   a r e a   76  

e f f e c t i v e l y   c o n t r o l s   the   f low  t h r o u g h   the   v a l v e   when  t h e  

s p o o l   11  is   s e t   at   i t s   d e t e n t   p o s i t i o n .  

When  the   s p o o l   11  is  moved  f u r t h e r   to  the   l e f t  

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

s e c o n d   d e t e n t   p o s i t i o n   t h a t   c o r r e s p o n d s   to  the   " f l o a t "   m o d e  

of  o p e r a t i o n   of  the   v a l v e   10.  Cam  s l e e v e   42  has   a  g r o o v e  

c o r r e s p o n d i n g   to  t h i s   p o s i t i o n   in  wh ich   d e t e n t   p i s t o n   5 1  

w i l l   ho ld   the  s l e e v e   and  the  s p o o l   in  d e t e n t .   In  t h e  

" f l o a t "   p o s i t i o n   of  the   s p o o l   11,  e d g e   77  o f  t h e   s p o o l   1 1  

moves  s u f f i c i e n t l y   to  the   l e f t   to  c l o s e   the   p a s s a g e   b e t w e e n  

c h a m b e r s   55  and  64.  Edge  77  of  the   s p o o l   1 1  t h e n   a l l o w s  

f r e e   f low  b e t w e e n   c h a m b e r   64  and  the   c h a m b e r   28.  F r e e   f l o w  

i s   a l s o   p o s s i b l e   b e t w e e n   c h a m b e r   63  and  c h a m b e r   27.  E d g e  

54  of  the  s p o o l   p r e v e n t s   any  f l o w   f rom  c h a m b e r   55  i n t o  

c h a m b e r   63.  When  the   s l e e v e   42  is  moved  to  t h e  " f l o a t "  

p o s i t i o n ,   p in   47  is  f o r c e d   to  move  so  as  to  r a i s e   b a l l   48  

o f f   i t s   s e a t   so  t h a t   f low  is  p o s s i b l e   f rom  c h a m b e r s   79  

t h r o u g h   p a s s a g e   45  and  c h a m b e r   46,  p a s t   the   o r i f i c e   49  i n t o  

the  c h a m b e r   28.  P r e s s u r e   in  c h a n n e l   33  w i l l   t h e n   f o r c e   t h e  

p o p p e t   35  o f f   i t s   s e a t   a n d  a l l o w   f r e e   f l o w   i n t o   c h a m b e r   64  

and  from  t h e r e   i n t o   c h a m b e r   28.  In  the   " f l o a t "   p o s i t i o n ,  

b o t h   the  o u t p u t   p o r t s   23  and  24  a r e   c o n n e c t e d   to  t h e  

c h a m b e r s   27  and  28,  r e s p e c t i v e l y .   T h i s   a l l o w s   the   p i s t o n  
in  c y l i n d e r   25  to  " f l o a t "   to  any  p o s i t i o n   i t   is  f o r c e d   t o  

o c c u p y   as  a  r e s u l t   of  the   e x t e r n a l   f o r c e s   a c t i n g   upon  i t .  

The  s e q u e n c e   of  e v e n t s   t h a t   o c c u r   when  the   s p o o l  

11  moves  to  the   r i g h t   a re   s i m i l a r   to  t h o s e   t h a t   o c c u r   w h e n  

the   s p o o l   11  moves  to  the  l e f t .   T h e r e   is  o n l y   one  d e t e n t  

p o s i t i o n   when  the   s p o o l   moves   r i g h t .   T h e r e   is  no  f l o a t  

p o s i t i o n   in  t h a t   d i r e c t i o n .   , 



Edge  53  of  the   s p o o l   moves  to  t he   r i g h t ,   a l l o w i n g  

f low  from  the   i n l e t   c h a m b e r   55  to  e n t e r   c h a m b e r   63.  T h e  

p r e s s u r e  i n   c h a m b e r   63  is  fed  back  to  the  pump  t h r o u g h  

s h u t t l e   v a l v e   65  and  s e n s i n g   p o r t   13  so  t h a t   the   p r e s s u r e  
s t a r t s   b u i l d i n g   up  u n t i l   i t   is   a b l e   to  o v e r c o m e   p r e s s u r e   i n  

p a s s a g e   32  and  open  the  p o p p e t   c h e c k   v a l v e   34.  The  f l o w  

can  t h e n   p r o c e e d   to  the   o u t l e t   p o r t   23  and  the   rod  end  o f  

the   c y l i n d e r   25.  When  s l e e v e   42  moves  to  the   r i g h t   w i t h  

s p o o l   11,  i t   c a u s e s   p i n   47  to  move  so  as  to  r a i s e   b a l l   48  

o f f   i t s   s e a t .   T h i s   a l l o w s   o i l   in  c h a m b e r   79;,  p a s s a g e   4 5  

and  c h a m b e r   46  to  d r a i n   p a s t   o r i f i c e   49  i n t o   the   c h a m b e r  

28.  I f   p r e s s u r e   is  p r e s e n t   in  p a s s a g e   33,  f l o w   o c c u r s  

a c r o s s   o r i f i c e   44  and  the   r e s u l t i n g   p r e s s u r e   d i f f e r e n c e   o n  

: e i t h e r   s i d e   of  p o p p e t   35  moves  the   p o p p e t   o f f   i t s   s e a t   a n d  

a l l o w s   f low  f rom  p a s s a g e   33  to  e n t e r   c h a m b e r   64  and  t h e n   b e  

d r a i n e d   to  the   c h a m b e r   28,  p a s t   edge  62  of  the   s p o o l .  

Flow  c o n t r o l   is  o b t a i n e d   by  v a r y i n g   the   f l ow  a r e a  

b e t w e e n   c h a m b e r s   55  and  63  as  the   edge  53  moves  to  t h e  

r i g h t .   Once  t he   s p o o l   is  in  the   d e t e n t   p o s i t i o n   on  t h e  

r i g h t ,   t he   maximum  f l o w   can  be  s e t   by  r o t a t i n g   f l o w   c o n t r o l  

v a l v e   57.  When  the   p r e s s u r e   in  c h a m b e r   55  e x c e e d s   t h e  

v a l u e   s e t   a t   r e l i e f   v a l v e   74,   the   d e t e n t   p i s t o n   51  i s  

k i c k e d   back  and  the   s p o o l   11  is  r e l e a s e d   from  t he   d e t e n t e d  

p o s i t i o n .  

I t   is   p o s s i b l e   to  o p e r a t e   the  v a l v e   w i t h   a  s i n g l e -  

a c t i n g   c y l i n d e r   such   as  t he   c y l i n d e r   26  shown  in  F i g u r e   l a .  

In  t h i s   v a l v e ,   i t   is   p r e f e r a b l e   to  a t t a c h   such   s i n g l e -  

a c t i n g   c y l i n d e r s   to  p o r t   23  of  the   v a l v e .   For  the   s i n g l e -  

a c t i n g   mode,   v a l v e   81  is   t u r n e d   t h r o u g h   90°  so  t h a t  

c o m m u n i c a t i o n   is  c u t   b e t w e e n   the   s h u t t l e   v a l v e   65  and  l o a d  

s e n s i n g   p o r t   13  on  the  one  s i d e   and  chamber   64  on  the  o t h e r  

s i d e .   The  a d v a n t a g e   of  t h i s   is  t h a t   when  the   l oad   is  b e i n g  

l o w e r e d   by  mov ing   s p o o l   11  t o  t h e   l e f t ,   t he   o i l   f r o m  t h e  

i n l e t   c h a m b e r   55  f l o w s   i n t o   c h a m b e r   64  from  where   i t   i s  



p r e v e n t e d   from  b e i n g   fed  back  to  the   l oad   s e n s i n g   p o r t   13  

by  v a l v e   81.  T h u s ,  . t h e   pump  o u t p u t   p r e s s u r e   is  not   r a i s e d  

to  the   r e l i e f   p r e s s u r e   of  the   s y s t e m ,   as  i t   would   have   b e e n  

i f   v a l v e   81  had  been  l e f t   o p e n .   T h i s   is  b e c a u s e   c h a m b e r  

64  is   d e a d h e a d e d   due  to  o u t p u t   p o r t   24  b e i n g   c l o s e d   o f f .  

T h u s ,   the   p r e s s u r e   in  c h a m b e r   64  c a n n o t   r e a c h   an  e q u i l i -  

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

s p o o l   11  is  moved  to  the  r i g h t ,   o i l   f l o w s   i n t o   the   s i n g l e -  

a c t i n g   c y l i n d e r   26,  c a u s i n g   the   p i s t o n   to  be  e x t e n d e d .   T h e  

s e q u e n c e   of  e v e n t s   is  as  d e s c r i b e d   p r e v i o u s l y   for   the   c a s e  

when  the   s p o o l   moves  to  t he   r i g h t .  

The  h y d r a u l i c   v a l v e   in  F i g u r e   1  t h a t   has  b e e n  

d e s c r i b e d   so  f a r   is  d e s i g n e d   so  t h a t   a  m a j o r i t y   of  t h e  

p a r t s   and  m a c h i n i n g   o p e r a t i o n s   can  be  used   in  an  e l e c t r o -  

h y d r a u l i c   v e r s i o n   shown  in  F i g u r e   2.  The  s l e e v e   42  u sed   i n  

F i g u r e   1  is  r e p l a c e d   by  a  s i m p l e r   s l e e v e   82  in  F i g u r e   2 .  

The  d e t e n t   g r o o v e s   a re   a b s e n t   in  t h i s   s l e e v e   and  0 - r i n g  

g r o o v e s   83  have   been   a d d e d .   The  d e t e n t   p i s t o n   51  i s   n o t  

used   s i n c e   the   d e t e n t   f e a t u r e   is  p r o v i d e d   a t   the   c o n t r o l  

h a n d l e .   The  d e t e n t   k i c k o u t   r e l i e f   v a l v e   74  i s   a l s o  

d e l e t e d .   A  p r e s s u r e   s w i t c h   84  is  added   in  the   e l e c t r o - -  

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

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

f l o w   c o n t r o l   v a l v e   57  is   e l i m i n a t e d   s i n c e   i t   is  p o s s i b l e   t o  

g e t   the   same  f u n c t i o n   by  e l e c t r o n i c   m e a n s .   The  e n d s   85  a n d  

86  of  the  s p o o l   11  a r e   used  as  p i s t o n s   when  the   s p o o l   is  t o  

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

One  me thod   of  e l e c t r o h y d r a u l i c   a c t u a t i o n   is  s h o w n  

in  F i g u r e   2.  T h i s   has  been   d e s c r i b e d   in  d e t a i l   in  p r e v i o u s  

U.S.   a p p l i c a t i o n s ,   n a m e l y ,   S e r i a l   No.  1 4 9 , 0 6 5 ,   f i l e d   May  5 ,  

1980 ,   " E l e c t r o - H y d r a u l i c   P r o p o r t i o n a l   A c t u a t o r " ,   and  S e r i a l  

No.  3 0 1 , 7 8 9 ,   f i l e d   S e p t e m b e r   14,  1981 ,   " E l e c t r o - H y d r a u l i c  

Remote   V a l v e " ,   b o t h   by  G.  R a j a g o p a l   and  H.S .   B a s r a i ,   a n d  



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

t y p e   t h r e e - w a y   v a l v e s   87  and  88  a r e   used   to  d i r e c t   o i l   i n t o  

and  ou t   of  the   e n d s   85  and  86  so  as  to  e i t h e r   move  t h e  

s p o o l   11  to  the  l e f t ,   r i g h t ,   or  to  j u s t   h o l d   i t   i n  

p o s i t i o n .   P o s i t i o n   t r a n s d u c e r   89  is  used  to  f e e d   back   t h e  

p o s i t i o n   of  the   s p o o l   11  to  the   e l e c t r o n i c   c o n t r o l   s y s t e m .  

P r e s s u r e   c o m p e n s a t e d   f l ow  c o n t r o l   v a l v e   91  is  u sed   to  l i m i t  

t he   s p e e d   of  movemen t   of  s p o o l   11  to  a  maximum  v a l u e .  

A  f e a t u r e   of  t he   v a l v e   e m b o d y i n g   the   p r e s e n t  

i n v e n t i o n   is  the   d e s i g n   of  the   l oad   c h e c k s  u s e d   to  l o c k   t h e  

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

p o r t s   23  and  24.  The  p o p p e t   c h e c k s   34  a n d - 3 5   and  p i l o t  

p o p p e t   b a l l s   39  and  48,  w i t h   t h e i r   c o r r e s p o n d i n g   s e a t s ,  

have   v e r y   low  l e a k a g e   so  t h a t   l o a d s   a t t a c h e d   to  the   v a l v e  

; ' a r e   e s s e n t i a l l y   h e l d   s t i l l   and  no t   a l l o w e d   to  l e a k   down  f o r  

l ong   t i m e   p e r i o d s   when  the   v a l v e   s p o o l   11  i s   a t   the   n e u t r a l  

p o s i t i o n .   In  v a l v e s   w i t h o u t  l o a d   c h e c k s ,   l e a k - d o w n   i s  

m i n i m i z e d   by  h o l d i n g   the   c l e a r a n c e  b e t w e e n   the  s p o o l   11  a n d  

i t s   b o r e   to  t he   s m a l l e s t   f e a s i b l e   v a l u e s .   The  use  of  l o a d  

c h e c k s   a l l o w s   a  l a r g e r   c l e a r a n c e   b e t w e e n   s p o o l   and  b o r e  

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

w i t h o u t   c o n c e r n   a b o u t   l e a k - d o w n .   On  the   p r e s e n t   v a l v e ,   t h e  

main   l o a d   c h e c k s   34  and  35  a re   c o n t r o l l e d   by  a  p i l o t   s y s t e m  

t h a t   is  m e c h a n i c a l l y   a c t u a t e d   by  the   s l e e v e   42  or  82  t h a t  

moves  w i t h   s p o o l   1 1 .  

-When  r a i s i n g   or  l o w e r i n g   a  l o a d ,   o n l y   the   l o a d  

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

a c t u a t e d .   The  o t h e r   l o a d   c h e c k   v a l v e   is  a c t u a t e d   by  t h e  

b u i l d u p   of  i n l e t   p r e s s u r e   in  the   h y d r a u l i c   s y s t e m   s u f f i -  

c i e n t   to  move  the   l o a d .   T h u s ,   no  s u d d e n   d rop   of  the  l o a d  

due  to  i n s u f f i c i e n t   i n l e t   p r e s s u r e   is  p o s s i b l e .   S i n c e   t h e  

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

p o s s i b l e   to  l o w e r   a  l o a d   even  w i t h   the   h y d r a u l i c   pump  s h u t  

o f f .   T h i s   f e a t u r e   is  h e l p f u l   when  an  o p e r a t o r   t u r n s  



t h e   e n g i n e   o f f   on  h i s ' m a c h i n e   and   f i n d s   t h a t   he  s t i l l  

h a s   a  l o a d   or   i m p l e m e n t   in   t h e   r a i s e d   p o s i t i o n .   He  c a n  

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

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

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

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

r e q u i r e d   to  move  t h e   s p o o l   11.  H o w e v e r ,   t h e   l o a d   may  b e  

l o w e r e d   by  m e c h a n i c a l l y   m o v i n g   s p o o l   11  i f   i t   i s  

a c c e s s i b l e .  

A n o t h e r   f e a t u r e   of  t h e   p r e s e n t   d e s i g n   can   b e s t   b e  

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

s c h e m a t i c a l l y   in   F i g u r e   3.  T h i s   i l l u s t r a t i o n   s h o w s   a  

d o u b l e - a c t i n g   c h e c k   v a l v e   93  u s e d   to   p r e v e n t   a  d o u b l e -  

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

l e a k a g e   p a s t   t h e   v a l v e   s p o o l   of   a  c o n t r o l   v a l v e   ( n o t  

s h o w n ) .   The  d i a g r a m   i n d i c a t e s   t h e   f l u i d   f l o w   w h e n   t h e  

c o n t r o l   v a l v e   i s   m o v e d   to   e x t e n d   t h e   p i s t o n   96  of  t h e  

d o u b l e - a c t i n g   c y l i n d e r   94.  F l u i d   p r e s s u r e   e n t e r i n g  

t h r o u g h   c o n d u i t   95  i s   e x e r t e d   a g a i n s t   t h e   f l o a t i n g  

p i s t o n   92  of  t h e   c h e c k   v a l v e   93  w h i c h ,   b e c a u s e   of  i t s  

g r e a t e r   a r e a ,   o v e r c o m e s   t h e   s p r i n g   97  and   r e l i e v e s  

p r e s s u r e   b e h i n d   t h e   b a l l   98  in  t h e   r e t u r n   p a s s a g e   9 9 .  

T h i s   p e r m i t s   r e t u r n   f l o w   to  t h e   c o n t r o l   v a l v e   t h r o u g h  
t h e   r e t u r n   c o n d u i t   101 .   The   f l u i d   f l o w i n g   i n t o   c o n d u i t  

95  f o r c e s   c h e c k   b a l l   102  o f f   i t s   s e a t   to   e x t e n d   t h e  

c y l i n d e r ,   t h a t   i s ,   move  t h e   p i s t o n   96  u p w a r d l y   as  v i e w e d  

in  F i g u r e   4.  The  d i r e c t i o n   of  m o v e m e n t   of  t h e   p i s t o n   96  

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

and  o u t   of  c o n d u i t s   95,  1 0 1 .  



T h i s   h y d r a u l i c a l l y   a c t u a t e d   l o a d   c h e c k   s y s t e m   w i l l  

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

a v a i l a b l e ,   w h i c h   m e a n s   t h a t   l o a d s   c a n   be  l o w e r e d   to   a  

s a f e   p o s i t i o n   o n l y   when  t h e   e n g i n e   i s   on.  I f   an  o p e r a t o r  

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

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

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

s i t u a t i o n   a r i s e s   when  t h e   o p e r a t o r   s t a r t s   up  t h e   m a c h i n e  

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

h a n d l e   h a d   b e e n   p l a c e d   i n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



a  d e t e n t e d   p o s i t i o n   w h i l e   the  e n g i n e   was  o f f .   When 

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

in  F i g u r e   3,  i t   is  p o s s i b l e   to  e n c o u n t e r   p r o b l e m s   such   a s  

c h a t t e r i n g   and  even   no  r e s p o n s e   at   a l l   i f   the  r a t i o   of  t h e  

a r e a s   of  the   c y l i n d e r   end  to  rod  end  a re   g r e a t e r   t h a n   o r  

e q u a l   to  t h e  r a t i o   of  the   a r e a s   of  the   a c t u a t i n g   p i s t o n   92  

to  the   b a l l   p o p p e t   s e a t .   T h i s   l i m i t a t i o n   is  no t   p r e s e n t   i n  

the  v a l v e   shown  in  F i g u r e s   1  and  2 .  

A n o t h e r   f e a t u r e   of  the   v a l v e   d e s c r i b e d   h e r e   is   t h e  

use  of  s l e e v e   42  f o r   many  f u n c t i o n s .   T h i s   s a v e s   on  t h e  

o v e r a l l   l e n g t h   of  the   v a l v e   and  r e d u c e s   the,  In umber  o f  

p a r t s .   S l e e v e   42  p r o v i d e s   the  f o l l o w i n g   f u n c t i o n s .  

1.  I t   a c t u a t e s   the   p i l o t   check   p i n s   43  and  4 7 ,  

wh ich   a c t u a t e   the   main  p o p p e t s   34  and  3 5 .  

2.  I t   p r o v i d e s   g r o o v e s   for   d e t e n t s   at   t h r e e  

p o s i t i o n s :   " r a i s e " ,   " l o w e r "   and  " f l o a t " .   Dual   g r o o v e  

a n g l e s   a re   used  on  some  f a c e s   so  as  t o  g i v e   a  low  r e s i s -  

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

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

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

b e f o r e   d r o p p i n g   i n t o   d e t e n t   so  t h a t   an  o p e r a t o r   who  d o e s  

not   want   to  pu t   the   s p o o l   i n t o   d e t e n t   has  a  means   o f  

s e n s i n g   when  to  s t o p .  

4.  The  same  s l e e v e   a l s o   p r o v i d e s   fo r   a c t u a t i o n   o f  

b o t h   p i l o t   c h e c k   p i n s   43  and  47  when  the   f l o a t   mode  o f  

o p e r a t i o n   is  r e q u i r e d .  

5.  The  s l e e v e   i s o l a t e s   the  main  s p o o l   11  f r o m  

s i d e   l o a d s   c a u s e d   by  a c t u a t i o n   of  the   p i l o t   check   p i n s   a n d  

the   d e t e n t   p i s t o n .  

S l e e v e   82,  used  in  the  e l e c t r o h y d r a u l i c   v a l v e ,  

p r o v i d e s   an  a d d i t i o n a l   function. 

6.  I t   a c t s   as  a  p i s t o n .  

Yet  a n o t h e r   f e a t u r e   of  the   p r e s e n t   v a l v e   is  t h a t  

most   of  the   m e c h a n i c a l   c o m p o n e n t s   can  be  used   in  b o t h   t h e  

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



A  f u r t h e r   f e a t u r e   is  the   p r o v i s i o n   of  a  s i n g l e -  

a c t i n g   mode  in  which   the   s y s t e m   p r e s s u r e   is  no t   r a i s e d   u p  

to  r e l i e f   p r e s s u r e   when  l o w e r i n g   a  s i n g l e - a c t i n g   c y l i n d e r .  



1.  A  h y d r a u l i c   v a l v e   f o r   c o n t r o l l i n g   t h e   f l o w   o f  

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

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

v a l v e   c o m p r i s i n g   a  v a l v e   b o d y   (10)   h o u s i n g   an  a x i a l l y  

m o v a b l e   m a i n   s p o o l   ( 1 1 )   f o r   d i r e c t i n g   f l u i d   t h r o u g h  
s e l e c t i v e   o n e s   of   a  p l u r a l i t y   of  p a s s a g e s   ( 5 6 , 3 2 , 3 3 )  

e x t e n d i n g   t h r o u g h   t h e   v a l v e   b o d y   f r o m   a  f l u i d   i n p u t  
c o n n e c t i o n   (12)  to   t h e   f l u i d   s o u r c e   to  one  or  more   f l u i d  

o u t p u t   c o n n e c t i o n s   ( 2 3 , 2 4 ) ,   c h a r a c t e r i s e d   by  s p o o l  

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

s p o o l   (11)   in   e i t h e r   a x i a l   d i r e c t i o n   f r o m   a  n e u t r a l  

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

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

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

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

l e a k a g e   p a s t   t h e   m a i n   s p o o l   (11)  when  t h e   l a t t e r   i s   in  a  

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

2.  A  h y d r a u l i c   v a l v e   a c c o r d i n g   t o   C l a i m   1,  in   w h i c h  

t h e   v a l v e   s p o o l   (11)   i s   in  c o m m u n i c a t i o n   w i t h   a t   l e a s t  

t w o   c h a m b e r s   ( 2 7 , 2 8 )   i n   t h e   v a l v e   b o d y ,   s a i d   t w o  

c h a m b e r s   ( 2 7 , 2 8 )   b e i n g   i n t e r n a l l y   c o n n e c t e d   to   e a c h  

o t h e r   and  to   a  sump,   e a c h   of  s a i d   c h a m b e r s   ( 2 7 , 2 8 )   b e i n g  

in  c o m m u n i c a t i o n   w i t h   s e p a r a t e   p a s s a g e s   ( 6 3 , 6 4 )   in  t h e  

v a l v e   b o d y   (10 )   w h i c h   p a s s a g e s   l e a d   to   t h e   one   or   m o r e  
f l u i d   c o n n e c t i o n s   ( 2 3 , 2 4 )   to   t h e   h y d r a u l i c   m o t o r ,   a n d  

one   of  t h e   p i l o t   o p e r a t e d   p o p p e t   v a l v e s   ( 3 4 , 3 5 )   b e i n g  

l o c a t e d   in  e a c h   p a s s a g e   b e t w e e n   a  c h a m b e r   ( 6 3 , 6 4 )   and  a  

r e l a t e d   f l u i d   o u t p u t   c o n n e c t i o n   ( 3 2 , 3 3 ) .  

3.  A  h y d r a u l i c   v a l v e   a c c o r d i n g   to   C l a i m   2,  in   w h i c h  

t h e   m a i n   v a l v e   s p o o l   (11 )   h a s   a  p l u r a l i t y   of   a x i a l l y  

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

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

( 2 7 , 6 3 , 5 5 , 6 4 , 2 8 )   in  t h e   v a l v e   body   (10)  to  c o n t r o l   f l u i d  

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



cam  g r o o v e   t h a t   c o a c t s   w i t h   s p r i n g - b i a s e d   a c t u a t i n g   p i n s  

( 4 3 , 4 7 )   i n   s a i d   p i l o t   v a l v e s   ( 3 9 , 4 8 ) ,   s a i d   a c t u a t i n g  

p i n s   ( 4 3 , 4 7 )   b e i n g   o p e r a t i v e   to   o p e n   s e l e c t i v e l y   t h e  

p i l o t   v a l v e s   ( 3 9 , 4 8 )   to   p e r m i t   f l u i d   f l o w   to   t h e   r e l a t e d  

p o p p e t   v a l v e s   ( 3 4 , 3 5 )   t o   a c t u a t e   t h e   l a t t e r   in   t u r n   t o  

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

c o n n e c t i o n s   ( 2 3 , 2 4 ) .  

4.  A  h y d r a u l i c   v a l v e   a c c o r d i n g   to   C l a i m   3,  in   w h i c h  

y e t   o t h e r s   of   t h e   g r o o v e s   of   t h e   m a i n   v a l v e   v p o o l   ( 1 1 )  

a r e   d e t e n t   g r o o v e s ,   s a i d   d e t e n t   g r o o v e s   c o a c t i n g   w i t h   a  

b i a s e d   d e t e n t   (51 )   f o r   h o l d i n g   t h e   v a l v e   s p o o l   (11)   a t  

r a i s e ,   l o w e r   and   f l o a t   m o d e s .  

5.  A  h y d r a u l i c   v a l v e   a c c o r d i n g   to   C l a i m   3  or   C l a i m   4 ,  

i n   w h i c h   t h e   m a i n   v a l v e   s p o o l   (11 )   c a r r i e s   a t   one   end   a  

c y l i n d r i c a l   s l e e v e   ( 4 2 ) ,   s a i d   c y l i n d r i c a l   s l e e v e   h a v i n g  

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

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

c a u s e d   by  a c t u a t i o n   of   t h e   p i l o t   c h e c k   p i n s   ( 4 3 , 4 7 )   a n d  

t h e   d e t e n t   ( 5 1 ) .  

6.  A  h y d r a u l i c   v a l v e   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   3 

to   5,  in   w h i c h   s a i d   cam  g r o o v e   i s   a x i a l l y   e l o n g a t e d   t o  

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

a c t u a t i n g   p i n s   ( 4 3 , 4 7 )   when  t h e   f l o a t   mode  of  o p e r a t i o n  

i s   r e q u i r e d .  

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

c l a i m ,   i n   w h i c h   a  b i a s i n g   m e a n s   (52)   a c t s   on  one   e n d   o f  

t h e   a x i a l l y   m o v a b l e   m a i n   s p o o l   (11 )   to   h o l d   t h e   l a t t e r  

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

8.  A  h y d r a u l i c   v a l v e   a c c o r d i n g   to   C l a i m   7  c o n n e c t e d  

b e t w e e n   a  p r e s s u r e   f l u i d   s o u r c e   ( 1 7 , 2 1 )   and   a  l o a d  

s h i f t i n g   h y d r a u l i c   m o t o r   ( 2 5 ) ,   i n   w h i c h   u p o n   t h e  

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

r a i s e   or   l o w e r   a  l o a d ,   o n l y   t h e   p o p p e t   v a l v e   (34  o r   3 5 )  



in  t h e   r e t u r n   f l u i d   p a t h   is   m e c h a n i c a l l y   a c t u a t e d   by  t h e  

c y l i n d r i c a l   s l e e v e   ( 4 2 , 8 2 )   e n g a g i n g   t h e   p i l o t   v a l v e  

m e a n s   ( 4 3 , 4 7 ) ,   t h e   p o p p e t   v a l v e   (35  or  34)  in  t h e   f l u i d  

i n l e t   of  t h e   h y d r a u l i c   v a l v e   b e i n g   a c t u a t e d   by  t h e  

b u i l d u p   of  i n l e t   p r e s s u r e   s u f f i c i e n t   to   move  t h e   l o a d .  
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