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©  Proportional  follower  spool  valve  system. 
©  A  proportional  follower  spool  valve  system  having  a 
main  spool  (12)  slidable  between  end  chambers  (55,  56) 
maintained  at  substantially  return  pressure.  First  fluid  con- 
nections  (40)  are  controlled  by  the  main  spool  (12)  and  they 
are  effective  to  control  output  fluid  flow  in  accordance  with 
the  position  of  the  main  spool  (12).  A  pilot  spool  (11)  is 
slidable  within  an  inner  passage  (12a)  of  the  main  spool.  A 
first  (20)  and  second  (21)  driving  chamber  is  formed  by  the 
main  spool  (12)  each  having  a  driving  area  substantially  less 

than  the  largest  cross-sectional  solid  area  of  the  main  spool 
(12).  Second  fluid  connections  (11a,  11b)  are  controlled  by 
the  pilot  spool  (11)  for  admitting  fluid  under  pressure  1/  to 
the  first  chamber  (20)  when  the  pilot  spool  moves  in  a  first 
direction  away  from  the  first  chamber  and  21  to  the  second 
chamber  (21)  when  the  pilot  spool  (11)  moves  in  a  second 
direction  away  from  the  second  chamber  (21).  Each  of  the 
first  and  second  driving  chambers  are  disposed  between  a 
respective  end  chamber  and  a  passage  for  return  pressure. 
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@ A  proportional  follower  spool  valve  system  having  a 
main  spool  (12)  slidable  between  end  chambers  (55,  56) 
maintained  at  substantially  return  pressure.  First  fluid  con- 
nections  (40)  are  controlled  by  the  main  spool  (12)  and  they 
are  effective  to  control  output  fluid  flow  in  accordance  with 
the  position  of  the  main  spool  (12).  A  pilot  spool  (11)  is 
slidable  within  an  inner  passage  (12a)  of  the  main  spool.  A 
first  (20)  and  second  (21)  driving  chamber  is  formed  by  the 
main  spool  (12)  each  having  a  driving  area  substantially  less 

than  the  largest  cross-sectional  solid  area  of  the  main  spool 
(12).  Second  fluid  connections  (11a,  11b)  are  controlled  by 
the  pilot  spool  (11)  for  admitting  fluid  under  pressure  1/  to 
the  first  chamber  (20)  when  the  pilot  spool  moves  in  a  first 
direction  away  from  the  first  chamber  and  2/  to  the  second 
chamber  (21)  when  the  pilot  spool  (11)  moves  in  a  second 
direction  away  from  the  second  chamber  (21).  Each  of  the 
first  and  second  driving  chambers  are  disposed  between  a 
respective  end  chamber  and  a  passage  for  return  pressure. 



B a c k g r o u n d   of  t he   I n v e n t i o n  

A.  F i e l d   of  t he   I n v e n t i o n  

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

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

B.  B a c k g r o u n d   A r t  

S e r v o   f o l l o w e r   p r o p o r t i o n a l   c o n t r o l   v a l v e s  

a re   w e l l   known  in  t he   a r t   and  a r e   g e n e r a l l y   d e s c r i b e d   i n  

1 9 8 0  -   81  F l u i d   Power   Handbook   and  D i r e c t o r y ,   page  A -  

141  and  in  N a t i o n a l   C o n f e r e n c e   on  F l u i d   P o w e r ,   1 9 7 6  



E l e c t r o - p r o p o r t i o n a l   P o s i t i o n   C o n t r o l s  -   An  A n a l y s i s   f o r  

A p p l i c a t i o n   on  V a r i o u s   H y d r a u l i c   C o n t r o l   F u n c t i o n s   b y  

D.  W.  S w a i m .  

P r i o r   p r o p o r t i o n a l   c o n t r o l   v a l v e s   have  l e f t   m u c h  

to  be  d e s i r e d   w i t h   r e s p e c t   to   r a p i d   r e s p o n s e   to   i n p u t  

commands  wh ich   may  be  r a p i d l y   c h a n g i n g .   In  p r i o r   s p o o l  

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

the   use   of  d y n a m i c   s e a l s .   The  s e a l s   would   e n t e r   t h e  

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

t h u s   i n c r e a s e   f r i c t i o n .   In  t h i s   way,   such   s e a l s   w e r e  

known  to  c a u s e   b r e a k a w a y   and  r u n n i n g   f r i c t i o n   b e t w e e n  

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

a b i l i t y   to   r a p i d l y   r e s p o n d   as  w e l l   as  d e c r e a s i n g   i o n  

f r e q u e n c y   t r a c k i n g   a b i l i t y .  

A n o t h e r   o b j e c t i o n a b l e   f e a t u r e   of  p r i o r   p r o p o r -  
t i o n a l   c o n t r o l   v a l v e s   d e c r e a s i n g   r a p i d   r e s p o n s e   has   b e e n  

t h e   r e l a t i v e l y   l a r g e  d r i v i n g   c h a m b e r   v o l u m e .  T h e  l a r g e  
c h a m b e r s   r e q u i r e d   a  r e l a t i v e l y   l a r g e   amount   of  f l u i d   t o  

p r o d u c e   m o v e m e n t ,   wh ich   in  t u r n   r e q u i r e d   a  s u b s t a n t i a l  

ammount  of  t i m e .   For  e x a m p l e ,   s ee   U.  S.  P a t e n t s  

2 , 5 2 6 , 7 0 9 ;   2 , 5 5 5 , 7 5 5 ;   and  4 , 0 8 5 , 9 2 0 .  



Many  p r i o r   p r o p o r t i o n a l   v a l v e s   a r e   of  t h e  

e l e c t r o h y d r a u l i c   t y p e   which   have   f l a p p e r   n o z z l e s   a n d  

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

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

v a l v e s :   3 , 8 7 4 , 4 0 5 ;   3 , 5 9 8 , 1 5 1 ;   3 , 5 9 8 , 1 5 2 ;   3 , 7 4 2 , 9 8 0 ;  

3 , 4 5 7 , 9 5 6 ;   and  3 , 7 4 9 , 1 2 8 .   In  t h e s e   s y s t e m s   a  DC 

e l e c t r i c a l   s i g n a l   to  the   c o i l s   of  the   p i l o t   s t a g e   of  a  
f o r c e - b a l a n c e d   t o r q u e   mo to r   d e v e l o p s   a  t o r q u e   moving  t h e  

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

b e t w e e n   t he   n o z z l e s .   T h i s   m o v e m e n t   r e s t r i c t s   f low  o u t  

of  one  of  t he   n o z z l e s   and  e a s e s   f low  ou t   of  t he   o t h e r  

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

f l a p p e r - n o z z l e   p r o p o r t i o n a l   v a l v e s   have   l e f t   much  to  b e  

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

i n c l u d i n g   the   t i m e   when  the   v a l v e   is  a t   n u l l .   T h i s  

l e a k a g e   at   n u l l   is   a  s e r i o u s   d i s a d v a n t a g e   s i n c e   t h e  

v a l v e   may  be  a t   n u l l   f o r   a  l o n g   p e r i o d   of  t ime   and  w o u l d  

l o s e   a  s u b s t a n t i a l   amount   of  e n e r g y ,   as  f o r   e x a m p l e   a  

q u a r t e r   to  f o u r - t e n t h s   of  a  g a l l o n   p e r   m i n u t e   per   v a l v e .  

For  m u l t i p l e   v a l v e s   the   l o s s   has  been  c o n s i d e r a b l e   a n d  

has  r e q u i r e d   c o o l i n g   members   to   r e m o v e   the   l o s t   e n e r g y .  
A n o t h e r   p r o b l e m   w i t h   f l a p p e r - n o z z l e   p r o p o r t i o n a l   v a l v e s  

has  been   in  t h e i r   s m a l l   o r i f i c e s   to   c o n t r o l   t h e   f l a p p e r  

as  w e l l   as  s m a l l   s p r i n g   f e e d b a c k .   The  s m a l l   o r i f i c e s  

a re   l i a b l e   to  c l o g g i n g   and  t he   s m a l l   s p r i n g s   a re   l i a b l e  

to  f a t i g u e .   S p o o l   p r o p o r t i o n a l   v a l v e s   s u f f e r   f r o m  

s i m i l a r   p r o b l e m s   as  t h e y   a l s o   have   s m a l l   o r i f i c e s   a n d  



h i g h   n u l l   l e a k a g e .   In  such   v a l v e s   the   l e a k a g e   a t   n u l l  

u n d e s i r a b l y   i n c r e a s e s   as  f l ow  i n c r e a s e s .   See  U . S .  

P a t e n t   3 , 8 2 7 , 4 5 3 .   The  f o l l o w i n g   a r e   e x a m p l e s   of  p a t e n t s  

on  s p o o l   w i t h i n   s p o o l   v a l v e s :   3 , 0 2 7 , 8 8 0 ;   2 , 7 4 8 , 7 5 2 ;  

3 , 5 3 0 , 8 9 5 ;   3 , 1 6 3 , 1 7 9 ;   4 , 1 1 4 , 6 5 0 ;   3 , 0 1 3 , 5 3 9 ;   3 , 4 5 9 , 2 2 4 ;  

and  4 , 0 4 6 , 0 5 9 .  

Summary  of  t h e   I n v e n t i o n  

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

p r o v i d e s   o u t p u t   f l u i d   f l ow  p r o p o r t i o n a l   to  a  p o s i t i o n a l  

c o n t r o l .   The  s y s t e m   i n c l u d e s   a  main  s p o o l   h a v i n g   a n  
i n n e r   p a s s a g e   and  a  p i l o t   s p o o l   w h i c h   is  s l i d a b l e   in  t h e  

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

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

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

s p o o l .   The  p i l o t   s p o o l   is  moved  f rom  a  n u l l   p o s i t i o n  

w i t h   t he   ma in   s p o o l   in  e i t h e r   a  f i r s t   or  s e c o n d  

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

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

t h a n   t h e   l a r g e s t   s o l i d   c r o s s - s e c t i o n a l   a r e a   of  the  m a i n  

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

p i l o t   s p o o l   f o r   a d m i t t i n g   f l u i d   u n d e r   p r e s s u r e   (1)  t o  

t he   f i r s t   c h a m b e r   when  the   p i l o t   s p o o l   moves  in  t h e  

f i r s t   d i r e c t i o n   away  f rom  t he   f i r s t   c h a m b e r   and  (2)  t o  

t he   s e c o n d   c h a m b e r   when  the   p i l o t  s p o o l   moves  in  t h e  

s e c o n d   d i r e c t i o n   away  f rom  t he   s e c o n d   c h a m b e r .   In  t h i s  

m a n n e r ,   t he   main  s p o o l   is  moved  in  the   same  d i r e c t i o n   a s  
the   p i l o t   s p o o l   u n t i l   a  n u l l   p o s i t i o n   is  r e a c h e d .  



F u r t h e r   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t h e  

main  s p o o l   i s   s l i d a b l e   in  a  main   p a s s a g e   h a v i n g   e n d  

c h a m b e r s   m a i n t a i n e d   a t   s u b s t a n t i a l l y   r e t u r n   p r e s s u r e .  
Each  of  t he   f i r s t   and  s e c o n d   d r i v i n g   c h a m b e r s   a re   d i s -  

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

s u r e   t h e r e b y   to  a v o i d   d y n a m i c   s e a l s   on  t he   main   s p o o l .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g s .   1-4  a r e   d e t a i l e d ,   e l e v a t i o n a l   s e c t i o n a l  

v i e w s   of  a  p r o p o r t i o n a l   f o l l o w e r   s p o o l   v a l v e   s y s t e m   o f  

the   p r e s e n t   i n v e n t i o n ;   a n d  

F i g .   5  is  an  e x p l o d e d   p e r s p e c t i v e   v iew  of  t h e  

e l e m e n t s   of  F i g s .   1 - 4 ,  



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

R e f e r r i n g   now  to  F i g .   1  t h e r e   is  shown  a  s e r v o  
f o l l o w e r   p r o p o r t i o n a l   c o n t r o l   s p o o l   v a l v e   10  w h i c h  

c o m p r i s e s   a  h o u s i n g   15  h a v i n g   a  c y l i n d r i c a l   b o r e   15a  f o r  

s l i d a b l y   r e c e i v i n g   a  main   s p o o l   12.  The  main   s p o o l   h a s  

an  open   bo re   12a  f o r   s l i d a b l y   r e c e i v i n g   a  p i l o t   s p o o l  

11.  V a l v e   10  may  be  c o u p l e d   to  a  pump  17  f o r   p u m p i n g  

h y d r a u l i c   f l u i d   f rom  a  sump  16a  t h r o u g h   an  i n l e t   l i n e  

17a  to   an  i n l e t   p a s s a g e   32  of  v a l v e   1 0 .  

A  f l u i d   o p e r a t e d   a c t u a t o r   o p e r a t e d   by  v a l v e   10  

may  be  a  p i s t o n   22a  o p e r a t i n g   in  a  c y l i n d e r   22.  One  e n d  

of  c y l i n d e r   22  i s   c o n n e c t e d   t h r o u g h   a  l i n e   24  to  a n  

o u t l e t   c y l i n d e r   p a s s a g e   27  of  v a l v e   10.  The  o p p o s i t e  

end   of  c y l i n d e r   22  i s   s i m i l a r l y   c o n n e c t e d   t h r o u g h  

a n o t h e r   l i n e   25  to  a n o t h e r   o u t l e t   c y l i n d e r   p a s s a g e   2 9 .  

The  l o a d   ( n o t   shown)   may  be  c o u p l e d   to   t he   s h a f t   o f  

p i s t o n   22a  in  c o n v e n t i o n a l   m a n n e r .   F u r t h e r   v a l v e   10  h a s  

a  r e t u r n   p a s s a g e   40  w h i c h   is  c o n n e c t e d  t h r o u g h   a  r e t u r n  

l i n e   18  back  to   sump  1 6 a .  

Main  s p o o l   10  has   c y l i n d r i c a l l y   l a n d s   60,  6 1 ,  6 7  

and  68  s p a c e d   a x i a l l y   w i t h   r e s p e c t   to  l o n g i t u d i n a l   a x i s  

1 6 .   C h a m f e r e d   main  f low  m e t e r i n g   g r o o v e s   or  p a s s a g e s  

64,  48a  a r e   f o r m e d   on  t h e   l e f t   and  r i g h t   s i d e s  



of  l a n d   60  and  s i m i l a r   main  f l ow  m e t e r i n g   g r o o v e s   4 8 b ,  

65  a r e   f o r m e d   on  t h e   l e f t   and  r i g h t   s i d e s   of  l and   6 1 .  

G r o o v e s   4 8 a , b   e x t e n d   d o w n w a r d l y   i n t o   s p o o l   12  to  d e f i n e  

a  c y l i n d r i c a l   p r e s s u r e   g r o o v e   or  r e c e s s   43.  A  t r a n s -  

v e r s e   i n l e t   m e t e r i n g   o r i f i c e   42  e x t e n d s   b e t w e e n   g r o o v e  

43  and  b o r e   12a  in  main   s p o o l   12.  A  c y l i n d r i c a l   t a n k  

g r o o v e   or  r e c e s s   70  is  f o r m e d   b e t w e e n   main  f low  m e t e r i n g  

g r o o v e   64  and  l a n d   67  w i t h   a  r e s t r i c t e d   o r i f i c e   7 0 a  

f o r m e d   b e t w e e n   g r o o v e   70  and  b o r e   12a .   S i m i l a r l y ,   a  

c y l i n d r i c a l   t a n k   g r o o v e   71  is  f o r m e d   on  s p o o l   12  b e t w e e n  

g r o o v e   65  and  l a n d   68  w i t h   a  r e s t r i c t e d   o r i f i c e   7 1 a  

d e f i n e d   b e t w e e n   g r o o v e   71  and  b o r e   12a .   Land  67  e x t e n d s  

i n t o   a  r e d u c e d   d i a m e t e r   c y l i n d r i c a l   s e c t i o n   72  w h i c h  

d e f i n e s   t he   l e f t   end  of  main  s p o o l   12  w h i l e   l and   68 

e x t e n d s   i n t o   r e d u c e d   d i a m e t e r   s e c t i o n   73  w h i c h   d e f i n e s  

t he   r i g h t   end  of  s p o o l   12.  C o n n e c t i n g   p a s s a g e s   46,  4 7  

a r e   f o r m e d   t r a n s v e r s e   of  a x i s   16  and  p r o v i d e   c o n n e c t i n g  

p a s s a g e s   b e t w e e n   b o r e   12a  and  c h a m b e r s   fo rmed   by  t h e  

o u t e r   s u r f a c e s   of  s e c t i o n s   46,  47  r e s p e c t i v e l y .  

Lands   60,  61,  67  and  68  on  main   s p o o l   1 2  a r e  

s l i d a b l y   but   s e a l i n g l y   r e c e i v e d   in  c y l i n d r i c a l   b o r e  

15a.   T h i s   b o r e   p r e s e n t s   a  c y l i n d r i c a l   l a n d   s u r f a c e   31 

d i s p o s e d   b e t w e e n   a n n u l a r   r e c e s s   30  l e a d i n g   to  c y l i n d e r  

p a s s a g e   27  and  a n n u l a r   p r e s s u r e   r e c e s s   44  l e a d i n g   t o  

p r e s s u r e   i n l e t   p a s s a g e   32.  S i m i l a r l y ,   c y l i n d r i c a l   l a n d  

s u r f a c e   33  of  bo re   15a  is  d i s p o s e d   b e t w e e n   a n n u l a r  



r e c e s s   35  wh ich   l e a d s   to  c y l i n d e r   p a s s a g e   29  a n d  

p r e s s u r e   r e c e s s   or  c a v i t y   44.  In  t he   s p o o l   12 

p o s i t i o n   shown  in  F i g .   1,  r e c e s s e s   43,  44  fo rm  a n  

a n n u l a r   p r e s s u r e   c h a m b e r   45.  F u r t h e r ,   b o r e   1 5 a  

p r e s e n t s   c y l i n d r i c a l   l a n d   s u r f a c e s   36  and  37.  Land  36  

is  d i s p o s e d   b e t w e e n   r e c e s s   30  and  an  a n n u l a r   r e t u r n  

r e c e s s   40a  and  l a n d   37  is   d i s p o s e d   b e t w e e n   r e c e s s   35 

and  r e t u r n   r e c e s s   40b .   R e t u r n   r e c e s s e s   4 0 a , b   l e a d   t o  

r e t u r n   p a s s a g e   40  and  form  a n n u l a r   r e t u r n   c h a m b e r s   w i t h  

r e c e s s e s   70,  71  r e s p e c t i v e l y   in  t h e   s p o o l   12  n e u t r a l  

p o s i t i o n .  

At  i t s   l e f t   e n d ,   bo re   15a  f o r m s   an  e l o n g a t e d  

end  r e c e s s   74  f o r   r e c e i v i n g   l a n d   67  and  a  f l o a t i . n g  

a n n u l a r   s p a c e r   50  w h i c h   a b u t t s   an  end  w a l l   of  end  c a p  
78.  S p a c e r   50  has   i t s   i n n e r   c y l i n d r i c a l l y   s h a p e d   b o r e  

s u r f a c e   50d  g r o u n d   to   r e c e i v e   the   o u t e r   s u r f a c e   o f  

s e c t i o n   72.  A  s l o t   i s   f o rmed   on  t h e   o u t e r   s u r f a c e   o f  

s p a c e r   50  to   p r o v i d e   f o r   an  O - r i n g   50a  f o r   s e a l i n g  

e n g a g e m e n t   b e t w e e n   t h e   s p a c e r   and  r e c e s s   74.  I t   is  i n  

t h i s   manne r   t h a t   s p a c e r   50  is  e f f e c t i v e   to   " f l o a t "  

w i t h i n   r e c e s s   74.  In  a d d i t i o n   an  a n n u l a r   s l o t   5 0 b  

l e a d i n g   to   r e t u r n   p a s s a g e   19  is  u n d e r c u t   a t   t he   l e f t   e n d  

of  s p a c e r - 5 0   wh ich   s l o t   is  c o u p l e d   by  way  of  a  p a s s a g e  
50c  to   end  c h a m b e r   55  f o rmed   by  the   i n n e r   b o r e   of  s p a c e r  
55  and  w a l l   78b.  In  t h i s   manner   end  c h a m b e r   55  i s  

r e f e r e n c e d   to   t a n k .   Wal l   78b  is  f o r m e d   by  a  l e f t   e n d  

cap  78  w h i c h   t h r e a d e d l y   e n g a g e s   h o u s i n g   15  to  s e a l   t h e  



b o r e   15a  by  way  of  an  O - r i n g   78a .   A  l e f t   end  d r i v i n g  

c h a m b e r   20  is  f o r m e d   by  a  r i g h t   w a l l   20a  of  s p a c e r   50,  a  

l e f t   w a l l   20b  of  l a n d   67  and  t h e   u p p e r   s u r f a c e   o f  

s e c t i o n   72.  The  p u r p o s e   and  o p e r a t i o n   of  d r i v i n g  

c h a m b e r   20  w i l l   l a t e r   be  d e s c r i b e d   in  d e t a i l .  

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

shown  w i t h i n   and  a d j a c e n t   to   r i g h t   end  r e c e s s   75  of  b o r e  

15a  a r e   s i m i l a r   to   t h o s e   d e s c r i b e d   w i t h   r e s p e c t   t o  

r e c e s s   74  and  need   n o t   be  f u r t h e r   d e s c r i b e d   in  d e t a i l .  

T h e s e   c o m p o n e n t s   c o m p r i s e   f l o a t i n g   s p a c e r   51,  0 - r i n g  

51a ,   a n n u l a r   s l o t   51b,   p a s s a g e   51c,   r i g h t   w a l l   8 0 b ,  

r e t u r n   p a s s a g e   19a ,   c h a m b e r   56  and  r i g h t   end  d r i v i n g  

c h a m b e r   2 1 .  

As  p r e v i o u s l y   d e s c r i b e d   p i l o t   s p o o l   11  is  r e -  

c e i v e d   w i t h i n   bo re   12a  of  s p o o l   12.  S p o o l   11  has  a t  

i t s   c e n t e r   a  V - g r o o v e   p i s t o n   14  d e f i n e d   by  a  p a i r   o f  

m e t e r i n g   l a n d s   14a ,   b  w h e r e   t h e   V - g r o o v e   14c  is   f o r m e d  

b e t w e e n   t he   l a n d s .   In  the   n u l l   p o s i t i o n   of  s p o o l   11 

w i t h   r e s p e c t   to   s p o o l   12  as  shown  in  F i g s .   1 ,  

3,  V - g r o o v e   14c  is  in  c o m m u n i c a t i o n   w i t h   m e t e r i n g  

o r i f i c e   42.  M e t e r i n g   l a n d s   14a ,   b  e a c h   form  a  s h a r p  

m e t e r i n g   edge  w i t h   a  r e s p e c t i v e   w a l l   of  o r i f i c e   42  a n d  

s e a l i n g l y   e n g a g e   b o r e   12a  so  t h a t   t h e r e   is  no  f low  o f  

f l u i d   f rom  o r i f i c e   42  i n t o   t he   l e f t   or  r i g h t   s i d e   o f  

b o r e   12a.   S p o o l   11  a l s o   has   two  a x i a l l y   s p a c e d  

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



ends   of  t he   s p o o l   to  s e a l i n g l y   e n g a g e   the   l e f t   and  r i g h t  

ends   of  open   b o r e   12a  in  a l l   p o s i t i o n s   of  s p o o l   1 1 .  

M e t e r i n g   l a n d   14a  and  l a n d   l l c   a r e   i n t e g r a l l y   i n t e r -  

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

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

p a s s a g e   w h i c h   e x t e n d s   a l m o s t   o n e - h a l f   of  the   l e n g t h   o f  

s p o o l   11.  S i m i l a r l y ,   s t em   p o r t i o n   l l b   i n t e r c o n n e c t s   a  

m e t e r i n g   l a n d   14b  and  l a n d   l l d   w i t h   an  e l o n g a t e d   l o n g i -  

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

t he   l e n g t h   of  s p o o l   l l .   P a s s a g e   l l a   l e a d s   t h r o u g h   t o  

p a s s a g e   46  and  to  o r i f i c e   70a  w h i l e   p a s s a g e   l l b   l e a d s  

t h r o u g h   to  o r i f i c e   71a  and  to  p a s s a g e   47.  The  l e f t   e n d  

of  s p o o l   11  t e r m i n a t e s   in  an  end  p o r t i o n   l l e   w h i c h   i s  

a d a p t e d   to   e n g a g e   a  s t o p   78c  of  end  cap  78.   S i m i l a r l y ,  

a  r i g h t   end  p o r t i o n   l l f   of  s p o o l   11  i s   a d a p t e d   to   e n g a g e  

a  s t o p   80c  of  r i g h t   end  cap   80.  To  p r o v i d e   a x i a l   m o v e -  

ment   of  p i l o t   s p o o l   11,  t h e r e   i s   p r o v i d e d   an  a c t u a t o r   23 

w h i c h   is  r i g i d l y   c o n n e c t e d   as   shown  t h r o u g h   t h e   c e n t e r  

of  l e f t   end  p o r t i o n   l i e   to   t h e   l e f t   s e c t i o n   of  s p o o l  

11.  A c t u a t o r   23  e x t e n d s   t h r o u g h   c h a m b e r   55  and  t h r o u g h  
the   a x i s   of  end  s t o p   78  and  in  s e a l i n g   r e l a t i o n  

t h e r e t o .  

In  o p e r a t i o n ,   in  t h e   p o s i t i o n   shown  in  F i g .   1 ,  

s p o o l s   11  and  12  a re   in  t h e i r   c e n t e r   p o s i t i o n   w i t h i n  

b o r e   15a  and  the   s p o o l s   a r e   in  t h e i r   n u l l   p o s i t i o n   w i t h  

r e s p e c t   to   e a c h   o t h e r .   In  t h i s   p o s i t i o n ,   main   s p o o l   12  

is   a t   a  n e u t r a l   p o s i t i o n   in  b o r e   15a  w i t h   l a n d   60 

s e a l i n g l y   e n g a g i n g   l a n d s   36  and  31  and  l a n d   61  s e a l i n g l y  



e n g a g i n g   l a n d s   33  and  37.  A c c o r d i n g l y ,   in  t h i s   n e u t r a l  

p o s i t i o n   of  main  s p o o l   12  in  bo re   15a  t h e r e   is  no  f l o w  

of  f l u i d   f rom  the   i n l e t   p a s s a g e   32  to  e i t h e r   o u t l e t  

p a s s a g e   27  or  29.  With  s p o o l s   11  and  12  a t   n u l l   t h e r e  

is   no  f l o w   of  f l u i d   f rom  p a s s a g e  3 2   t h r o u g h   m e t e r i n g  

o r i f i c e   42  to  e i t h e r   of  c h a m b e r s   20  or  2 1 .  

As  shown  in  F i g .   2,  when  p i l o t   s p o o l   11  is  m o v e d  

to   t h e   r i g h t ,   m e t e r i n g   l a n d   14a  d i s e n g a g e s   f rom  t h e   l e f t  

w a l l   of  m e t e r i n g   o r i f i c e   42  and  f l u i d   f rom  i n l e t   p a s s a g e  

32  f l o w s   t h r o u g h   c h a m b e r   45,  o r i f i c e   42  ( f l o w   45a)   a n d  

t h e n   t h r o u g h   a n n u l a r   p a s s a g e   l l a   and  p a s s a g e   46  t o  

c h a m b e r   20.   The  p r e s s u r e   in  t h i s   c h a m b e r   20  i s  

e f f e c t i v e   b e t w e e n   f i x e d   w a l l   20a  and  m o v e a b l e   w a l l   2 0 b  

to   move  w a l l   20b  of  main  s p o o l   12  to  t he   r i g h t   to  t h e  

p o s i t i o n   shown  in  F i g .   3.  As  long   as  the   o p e n i n g   b e -  

t w e e n   l a n d   14a  and  t he   l e f t   w a l l   of  o r i f i c e   42  r e m a i n s  

o p e n ,   t h e r e   is  p r e s s u r e   a p p l i e d   to   c h a m b e r   20  to   m o v e  

s p o o l   12  to  the   r i g h t   u n t i l   t h a t   o p e n i n g   c l o s e s   a n d  

s p o o l s   11,  12  a re   a t   n u l l   one  w i t h   the   o t h e r .   In  t h i s  

p o s i t i o n   as  shown  in  F i g .   3,  s p o o l   12  has  moved  ou t   o f  

t he   n e u t r a l   or  c e n t r a l   p o s i t i o n   w i t h   r e s p e c t   to   t h e  

l a n d s   in  b o r e   15a.   S p e c i f i c a l l y   l a n d s   61,  60  d i s e n g a g e  

f rom  l a n d s   33,  36  r e s p e c t i v e l y .   T h e r e f o r e   f l u i d   f r o m  

i n l e t   p a s s a g e   32  f l o w s   t h r o u g h   c h a m b e r   45,  m e t e r i n g  

g r o o v e   48b ,   g r o o v e   35  and  t h e n   to   c y l i n d e r   l i n e   25.  I n  

a d d i t i o n ,   r e t u r n   f low  of  f l u i d   f rom  c y l i n d e r   l i n e   24 

f l o w s   t h r o u g h   p a s s a g e   27,  r e c e s s   30,  t h r o u g h   m e t e r i n g  

g r o o v e   64  to  r e t u r n   g r o o v e   40a  and  t h e n c e   to  t a n k .  



I t   w i l l   now  be  u n d e r s t o o d   t h a t   in  t h i s   n u l l  

p o s i t i o n   b e t w e e n   s p o o l s   11  and  12,  as  shown  in  F i g .   3 ,  

t h e r e   is  a  c o n t r o l l e d   f low  t h r o u g h   v a l v e   10  in  p r o p o r -  
t i o n   to   t h e   movemen t   of  p i l o t   s p o o l   11  f rom  the   n e u t r a l  

p o s i t i o n   shown  in  F i g .   1.  I t   is  in  t h i s   way  t h a t   v a l v e  

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

a c t u a t o r   25  movemen t   or  to  an  e l e c t r i c a l   s i g n a l   w h e r e  

t h e   e l e c t r i c a l   s i g n a l   is  e f f e c t i v e   to  move  a c t u a t o r   25  

in  a  m a n n e r   l a t e r   to   be  d e s c r i b e d .   In  t h e   c o n t r o l  

p o s i t i o n   shown  in  F i g .   3  w i t h   s p o o l s   11,  12  at  n u l l ,  

t h e r e   is  no  f low  of  f l u i d   b e t w e e n   t h e   s p o o l s   and  t h u s  

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

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

s p o o l s .  

A n o t h e r   e x a m p l e   of  t he   m o v e m e n t   of  p i l o t   s p o o l  

11  is   shown  in  F i g .   4,  in  w h i c h   main   s p o o l   12  is  in  i t s  

p o s i t i o n   shown  in  F i g .   1  and  the   p i l o t   s p o o l   is  moved  t o  

t h e   l e f t   f rom  i t s   p o s i t i o n   in  F i g .   1.  Thus  an  o p e n i n g  

i s   f o r m e d   b e t w e e n   l a n d   14b  and  the   r i g h t   w a l l   of  o r i f i c e  

42.   A c c o r d i n g l y ,   f l u i d   f low  45b  may  he  t r a c e d   f r o m  

i n l e t   p a s s a g e   32,  c h a m b e r   45,  o r i f i c e   42,  p a s s a g e   l l b ,  

c o n n e c t i n g   p a s s a g e   47  and  t h e n c e   to   c h a m b e r   21.  In  t h e  

m a n n e r   p r e v i o u s l y   d e s c r i b e d ,   p r e s s u r e   on  w a l l   21b  i s  

e f f e c t i v e   to   move  main  s p o o l   12  to   t h e   l e f t   u n t i l   i t  

r e a c h e s   a  n u l l   p o s i t i o n   w i t h   p i l o t   s p o o l   11  at  i t s   new 

c o n t r o l   p o s i t i o n .   At  t h i s   new  c o n t r o l   p o s i t i o n   ( n o t  

shown)   l a n d   60  d i s e n g a g e s   from  l a n d   31  and  l a n d   61 

d i s e n g a g e s   from  l a n d   37.  T h e r e f o r e   f l u i d   f rom  i n l e t  



p a s s a g e   32  f l o w s   p a s t   m e t e r i n g   g r o o v e   48a  to  r e c e s s   30  

and  t h e n   t h r o u g h   p a s s a g e   27  to  c y l i n d e r   22.  R e t u r n   f l o w  

of  f l u i d   t a k e s   p l a c e   by  way  of  l i n e   25  to  p a s s a g e   29  a n d  

g r o o v e   35  and  g r o o v e   65  to  r e t u r n   40b.   I t   is   in  t h i s  

way  t h a t   v a l v e   10  o p e r a t e s   as  a  s e r v o   f o l l o w e r   a n d  

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

I t   w i l l   be  u n d e r s t o o d   t h a t   in  o r d e r   to  p r o v i d e  

f o r   f a s t   p r e c i s e   r e s p o n s e   of  v a l v e   10  to  t he   movement   o f  

p i l o t   s p o o l   11,  i t   is   p r e f e r r e d   t h a t   e a c h   of  end  d r i v i n g  

c h a m b e r s   20  and  21  have   a  minimum  f l u i d   v o l u m e .   F o r  

r a p i d   r e s p o n s e   of  v a l v e   10  t h e s e   c h a m b e r s   o n l y   r e q u i r e  

s u f f i c i e n t   vo lume  to   p r o v i d e   the   f o r c e   r e q u i r e d   to  move  
main   s p o o l   12  to  o v e r c o m e   the   f l ow  e f f e c t s   on  the   m a i n  

s p o o l .   One  of  t h e s e   f low  e f f e c t s   is  shown  in  F i g .   3  a s  

t he   f low  f rom  i n l e t   32  t h r o u g h   c h a m b e r   45  and  m e t e r i n g  

g r o o v e   4 8 b  t o   r e c e s s   3 5  a n d   o u t l e t   p a s s a g e   29.  As  w e l l  

known  by  t h o s e   s k i l l e d   in  t he   a r t ,   t h e s e   f low  e f f e c t s  

c o m p r i s e   t he   B e r n o u l l i   e f f e c t   as  w e l l   as  o t h e r   e f f e c t s  

of  f low  a c r o s s   main  s p o o l   1 2 .  

I t   w i l l   be  s e e n   t h a t   r i n g   s h a p e d   c h a m b e r s   20  a n d  

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

p r o v i s i o n ,   in  one  d i m e n s i o n ,   of  h a v i n g   an  o u t e r   d i a m e t e r  

e q u a l   to   bo re   12a  and  an  i n n e r   d i a m e t e r   e q u a l   to  t h e  

o u t e r   d i a m e t e r s   of  r e c e s s e s   72,  73  r e s p e c t i v e l y .   In  t h e  

o t h e r   d i m e n s i o n ,   c h a m b e r s   2 0 ,  2 1   a r e   c o n s t r u c t e d   o f  

minimum  vo lume  by  means   of  the   s i d e w a l l s   of  f l o a t i n g  



s p a c e r s   50,  51  r e s p e c t i v e l y   and  l a n d s   67,  68  r e s p e c t i v e -  

l y .   I t   is  in  t h i s   m a n n e r   t h a t   c h a m b e r s   20,  21  o p e r a t e  

e f f e c t i v e l y   and  e a c h   have   s u b s t a n t i a l l y   l e s s   v o l u m e   t h a n  

t h a t   of  t he   s p o o l   end  c h a m b e r s   55,  56  r e s p e c t i v e l y .  

More  p a r t i c u l a r l y ,   t he   d r i v e   a r e a   of  c h a m b e r   20  d e f i n e d  

by  w a l l   20b  is  s u b s t a n t i a l l y   l e s s   t h a n   the   t r a n s v e r s e  

s o l i d   or  m e t a l   c r o s s   s e c t i o n a l   a r e a   of  main  s p o o l   12  

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

s e c t i o n a l   a r e a   may  be  t h a t   t a k e n   a t   l a n d   67  p e r p e n d i c -  

u l a r   to   a x i s   16.  The  r e m a i n i n g   c r o s s   s e c t i o n a l   a r e a  
d e f i n e d   by  the   end  of  s e c t i o n   72  is  a t   r e t u r n   p r e s s u r e  
in  c h a m b e r   55.  S i m i l a r l y ,   w a l l   21b  is  of  s u b s t a n t i a l l y  

l e s s   a r e a   t h a n   t h e   l a r g e s t   s o l i d   c r o s s   s e c t i o n a l   a r e a  
of  s p o o l   12.  The  end  of  s e c t i o n   73  is  at  r e t u r n  

p r e s s u r e .  

In  a d d i t i o n ,   as  p r e v i o u s l y   d e s c r i b e d ,   s p a c e r s  
50,  51  p r o v i d e   t he   w a l l s   of  one  s i d e   of  c h a m b e r s   20,  21  

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

S p a c e r s   50,  51  e f f e c t i v e l y   f l o a t   in  main  b o r e   15a  a n d  

a l l o w   t he   ends   of  b o t h   s p o o l s   11,  12  in  c h a m b e r s   55,  56  

to   o p e r a t e   at  t a n k   or  e x h a u s t   p r e s s u r e .   I t   is   in  t h i s  

way  t h a t   t he   ends   of  s p o o l s   11,   12  do  not   p l a y   any  r o l e  
in  t he   m o v e m e n t .  

.  I t   w i l l   be  u n d e r s t o o d   t h a t   d r i v i n g   c h a m b e r   20  i s  

p o s i t i o n e d   a d j a c e n t   t he   l e f t   end  s e c t i o n   of  s p o o l   12 

b e t w e e n   t a n k   g r o o v e   40a  and  end  c h a m b e r   55  a l s o   a t   t a n k  



or  r e t u r n   p r e s s u r e .   In  t h i s   m a n n e r ,   any  m i n i m a l   l e a k a g e  

f rom  d r i v e   c h a m b e r   20  f l o w s   h a r m l e s s l y   to  t a n k   r a t h e r  

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

s u c h   as  p o r t   30.  S i m i l a r l y ,   c h a m b e r   21  is  b e t w e e n  

g r o o v e   40b  and  end  c h a m b e r   56.   Thus  any  l e a k a g e   f l o w s  

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

c o n t r o l   p o r t   35.  I t   is  in  t h i s   way  t h a t   v a l v e   10  d o e s  

not   r e q u i r e   d y n a m i c   s e a l s   on  s p o o l s   11  and  12.  In  t h i s  

way,   v a l v e   10  r a p i d l y   f o l l o w s   r a p i d l y   c h a n g i n g   s t e p  

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

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

F u r t h e r ,   a n n u l a r   p a s s a g e s   l l a ,   l l b   a r e   s i z e d   t o  

p r o v i d e   minimum  vo lume  p a s s a g e w a y s   b e t w e e n   o r i f i c e   42 

and  c h a m b e r s   20,  21  t h e r e b y   t o   m i n i m i z e   c o m p r e s s i b i l i t y  

l o s s e s   in  t he   t r a p p e d   v o l u m e .  

I t   w i l l   be  u n d e r s t o o d   t h a t   i f ,   in  t he   e x a m p l e  

shown  in  F i g .   2,  p i l o t   s p o o l   11  is  moved  r a p i d l y   to  t h e  

r i g h t   in  a  s t e p   movemen t   of  r e l a t i v e l y   l a r g e   m a g n i t u d e  

t h e n   p a s s a g e   42  is  c o m p l e t e l y   o p e n e d .   The  r e s u l t a n t  

r e l a t i v e l y   l a r g e   o p e n i n g   of  o r i f i c e   42  a l l o w s   a 

r e l a t i v e l y   l a r g e   m a g n i t u d e   of  f low  of  f l u i d   f rom  c h a m b e r  

45  to  c h a m b e r   20.  Thus  the   r e s u l t a n t   r a p i d   s t e p   f u n c -  

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

q u i c k l y   move  main  s p o o l   12  to   t he   r i g h t   in  a  d i r e c t i o n  

to  c l o s e   t h a t   l a r g e   o p e n i n g .   I t   is  in  t h i s   way  t h e r e   i s  

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



20  w h i c h   is  e f f e c t i v e   to   r a p i d l y   t end   to  c l o s e   t h e  

o p e n i n g   of  o r i f i c e   42.  T h i s   r a p i d   c h a n g e   in  p r e s s u r e  
d e c r e a s e s   to  a  f i n i t e   m e t e r i n g   as  p a s s a g e   42  is  c l o s e d .  

On  t h e   o t h e r   hand  i f ,   in  t he   e x a m p l e   shown  in  F i g .   2 ,  

s p o o l   11  were   on ly   moved  a  r e l a t i v e l y   s m a l l   d i s t a n c e   t o  

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

b e t w e e n   l a n d   14a  and  t h e   l e f t   w a l l   of  the   o r i f i c e .   T h e  

f o r e g o i n g   a l s o   a p p l i e s   f o r   s p o o l   11  movemen t   to  the   l e f t  

as  in  t he   e x a m p l e   of  F i g .   4.  Thus  o n l y   a  f i n i t e   m o v e -  

ment   of  s p o o l   12  t o  t h e   r i g h t   wou ld   be  e f f e c t e d   u n t i l  

t h a t   o p e n i n g   w o u l d  b e   c l o s e d .   T h u s ,   v a l v e   10  a c h i e v e s  

h i g h   m a g n i t u d e   r e s p o n s e   to  b ig   s t e p   f u n c t i o n s   in  t h e  

m o v e m e n t   of  p i l o t   s p o o l   11  and  s m a l l   m a g n i t u d e   r e s p o n s e  

as  t he   s t e p   f u n c t i o n   d e c r e a s e s .  

I t   w i l l   be  u n d e r s t o o d   t h a t   b l e e d   o r i f i c e   70a  i s  

p r o v i d e d   in  o r d e r   to   b l e e d   o f f   f l u i d   f rom  c h a m b e r   2 0 .  

T h i s   c h a m b e r   is  b e i n g   c o m p r e s s e d   as  in  F i g .   4  when  m a i n  

s p o o l   12  moves  to  t h e   l e f t .   S i m i l a r l y ,   b l e e d   o r i f i c e  

71a  is  p r o v i d e d   to  b l e e d   o f f   f l u i d   f rom  c h a m b e r   21  w h e n  

t h i s   c h a m b e r   is  c o m p r e s s e d   by  movement   of  s p o o l   1 2 - t o  

t h e   r i g h t   as  shown  in  F i g s .   2  and  3.  The  s i z e   o f  

o r i f i c e s   70a ,   71a  is  a  f a c t o r   in  d e t e r m i n i n g   t h e  

d y n a m i c s   of  the  s y s t e m   of  v a l v e   10  s i n c e   the   c o m p r e s s i o n  

of  t h e   r e s p e c t i v e   c h a m b e r s   20  and  21  is  d e t e r m i n e d   by  
t h e   s i z e   of  t h a t   o r i f i c e .   In  a n o t h e r   e m b o d i m e n t   df  t h e  

i n v e n t i o n ,   the   f low  f rom  b l e e d   o r i f i c e s   70a ,   7 1 a  

t h r o u g h   r e t u r n   r e c e s s e s   40a ,   40b  may  be  r e t u r n e d   to  t a n k  

s e p a r a t e l y   from  r e t u r n   p a s s a g e s   19,  19a.   F u r t h e r ,  



o r i f i c e s   70a ,   71a  may  be  c o n n e c t e d   ( n o t   shown)   t h r o u g h  

the   c e n t e r   of  s p o o l   11  to  r e s p e c t i v e   end  c h a m b e r s   55,  56  

w h i c h   a r e   in  t u r n   c o n n e c t e d   to   t a n k .  

I t   w i l l   f u r t h e r   be  u n d e r s t o o d   t h a t   p i l o t   s p o o l  

11  is  p r e s s u r e   b a l a n c e d   so  t h a t   i t   may  be  moved  by  a  

v e r y   l i g h t   f o r c e   a p p l i e d   to   a c t u a t o r   23.  By  p r e s s u r e  

b a l a n c e ,   i t   is  mean t   t h a t   t h e r e   i s   no  s p r i n g   b i a s i n g  

a p p l i e d   to  p i l o t   s p o o l   11  and  end  c h a m b e r s   55,  56  w i t h i n  

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

t a n k   or  d r a i n .   Such  a  l i g h t   f o r c e   to   a c t u a t o r   23  may  b e  

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

d i r e c t i o n a l   l i n e a r   a c t u a t o r   S e r i e s   9200  made  by  A i r p a x ,  

C h e s h i r e ,   C o n n e c t i c u t   0 6 4 1 0 .   Such  a  l i n e a r   a c t u a t o r  

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

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

i n p u t   to  the   l i n e a r   a c t u a t o r ,   p i l o t   s p o o l   11  i s  

a c c o r d i n g l y   moved  and  is   a c c u r a t e l y   f o l l o w e d   by  m a i n  

s p o o l   12.  I t   is  in  t h i s   way  t h a t   v a l v e   10  p r o v i d e s  

a c c u r a t e   and  r e p e a t a b l e   f low  f rom  p r e s s u r e   i n p u t   32  t o  

c y l i n d e r   p o r t s   27,  29.  In  a n o t h e r   e x a m p l e ,   a c t u a t o r   23 

may  be  moved  m a n u a l l y   or  may  be  moved  by  a  l i n e a r  

s o l e n o i d   of  the   p r o p o r t i o n a l   or  o n / o f f   t y p e   wh ich   i s  

c o u p l e d   to  each   end  of  s p o o l   1 1 .  



1 -  A  p r o p o r t i o n a l   fol lower  spool  valve  system  for  p r o v i d i n g  

output  f luid  flow  p r o p o r t i o n a l   to  a  p o s i t i o n a l   c o n t r o l ,   h a v i n g  :  

-  a  main  spool  (12)  having  an  inner  passage  ( 1 2 a )  ;  

-  f i r s t   f luid  connect ions   (40)  c o n t r o l l e d   by  said  main  spool  and 

e f f e c t i v e   to  con t ro l   the  output  f lu id   flow  in  accordance  with  t he  

p o s i t i o n   of  the  main  s p o o l  ;  

-  a  p i l o t   spool  (11)  s l i d a b l e   in  said  p a s s a g e  ;  

-  means  to  move  the  p i l o t   spool  from  a  null  p o s i t i o n   with  the  main  s p o o l  

in  e i the r   a  f i r s t   or  a  second  d i r e c t i o n   in  accordance  with  t h e  

p o s i t i o n a l   c o n t r o l  ;   c h a r a c t e r i z e d   in  that   there   is  p r o v i d e d  :  

-  a  f i r s t   and  a  second  dr iv ing  chamber  (20,  21)  formed  by  the  main  s p o o l  

(12)  each  having  a  d r iv ing   area  s u b s t a n t i a l l y   less  than  the  l a r g e s t  

sol id  c r o s s - s e c t i o n a l   area  of  the  main  s p o o l  ;   and 

-  second  f lu id   connect ions   ( l l a ,   l lb)  c o n t r o l l e d   by  the  p i l o t   spool  (11)  

admit t ing   f lu id   under  p ressure   1/  to  the  f i r s t   chamber  (20)  when  t he  

p i l o t   spool  moves  in  the  f i r s t   d i r e c t i o n   away  from  the  f i r s t   chamber  and 

2/  to  the  second  chamber  (21)  when  the  p i l o t   spool  moves  in  the  second 

d i r e c t i o n   away  from  the  second  chamber,  thereby  to  move  the  main  spoo l  

(12)  in  the  same  d i r e c t i o n   as  the  p i l o t   spool  un t i l   a  null   pos i t ion   i s  

r e a c h e d .  

2 -  The  valve  system  of  claim  1,  c h a r a c t e r i z e d   in  that   t h e r e  

is  provided  a  housing  (15)  having  a  chamber  (15a)  for  s l i dab ly   r e c e i v i n g  

the  main  spool  (12)  between  end  chambers  (55,  56)  maintained  a t  

s u b s t a n t i a l l y   r e tu rn   p r e s s u r e .  
3 -  The  valve  system  of  claim  2,  c h a r a c t e r i z e d   in  that   s a i d  

f i r s t   and  second  d r iv ing   chambers  are  formed  on  the  main  spool  a d j a c e n t  

r e s p e c t i v e   end  s ec t i ons   t h e r e o f .  

4 -  The  valve  system  of  claim  3,  c h a r a c t e r i z e d   in  that  t h e  

f i r s t   and  second  d r iv ing   chambers  (20,  21)  are  each  formed  on  a  reduced 

diameter  sec t ion   of  the  main  spool  and  each  having  s u b s t a n t i a l l y   l e s s  

volume  than  an  end  chamber  (55,  5 6 ) .  

5 -  The  valve  system  of  claim  2,  c h a r a c t e r i z e d   in  that  t he  

second  f lu id   connec t ions   include  f i r s t   and  second  elongated  r educed  

diameter  sec t ions   ( l l a ,   l lb)  of  the  p i l o t   spool  (11),  f l u i d l y   coupled  to  

the  f i r s t   and  second  dr iv ing   chambers  (20,  21) ,   r e s p e c t i v e l y ,   m e t e r i n g  

means  (42,  14)  for  admit t ing  f l u i d  u n d e r   p r e s s u r e  :   1/  to  the  f i r s t  



sec t i on   ( l l a )   when  the  p i lo t   spool  moves  in  the  f i r s t   d i r e c t i o n  ;   and  2J 

to  the  second  sec t ion   ( l lb)   when  the  p i l o t   spool  moves  in  the  second 

d i r e c t i o n .  

6 -  The  valve  system  of  claim  5,  c h a r a c t e r i z e d   in  that  the  

meter ing  means  (14)  includes  a  V-groove  (14c)  having  a  pair  of  l a n d s .  

7 -  A  p r o p o r t i o n a l   fo l lower   spool  valve  system  for  p r o v i d i n g  

output  f l u id   flow  p ropor t iona l   to  a  p o s i t i o n a l   con t ro l ,   c h a r a c t e r i z e d   i n  

tha t   there   there  is  p r o v i d e d  :  

-  a  housing  (15)  having  a  main  passage  (15a)  with  end  chambers  (55,  56) 

ma in ta ined   at  s u b s t a n t i a l l y   r e tu rn   p r e s s u r e  ;  

-  a  main  spool  (12)  s l i d a b l e   in  said  main  passage  and  having  an  i n n e r  

passage  ( 1 2 a )  ;  

-  f i r s t   f l u i d   connect ions   (40)  c o n t r o l l e d   by  said  main  spool  (12)  and 

e f f e c t i v e   to  cont ro l   the  output  f lu id   flow  in  accordance  with  the  

p o s i t i o n   of  the  main  s p o o l  ;  

-  a  p i l o t   spool  (11)  s l i dab le   in  said  inner  p a s s a g e  ;  

-  means  to  move  the  p i lo t   spool  (11)  from  a  null   pos i t ion   with  the  main 

spool  (12)  in  e i ther   a  f i r s t   or  a  second  d i r e c t i o n   in  accordance  w i t h  

the  p o s i t i o n a l   c o n t r o l  ;  

-  a  f i r s t   and  a  second  driving  chamber  (20,  21)  formed  by  the  main  

s p o o l  ;  

-  second  f l u i d   connect ions   ( l l a ,   l lb)   c o n t r o l l e d   by  the  p i l o t   spool  (11) 

admi t t ing   f lu id   under  pressure   1/  to  the  f i r s t   chamber  (20)  when  t he  

p i l o t   spool  moves  in  a  f i r s t   d i r e c t i o n   away  from  the  f i r s t   chamber ;   and 

2/  to  the  second  chamber  (21)  when  the  p i l o t   spool  moves  in  a  second 

d i r e c t i o n   away  from  the  second  chamber  thereby  to  move  the  main  spool  i n  

the  same  d i r e c t i o n   as  the  p i lo t   s p o o l  ;  

-  t h i rd   f l u i d   connections  for  p rovid ing   r e tu rn   pressure   for  said  second 

f lu id   c o n n e c t i o n s ,   each  of  said  f i r s t   and  second  dr iv ing  chambers  be ing  

disposed  between  a  r e spec t ive   end  chamber  (55,  56)  and  a  th i rd   f l u i d  

connect ion   thereby  to  avoid  dynamic  seals   on  the  main  s p o o l . .  
8 -  The  valve  system  of  claim  7,  c h a r a c t e r i z e d   in  that   each 

f i r s t   and  second  driving  chamber  (20,  21)  has  a  dr iving  area  s u b s t a n t i -  

a l ly   less  than  the  l a rges t   solid  cross  s e c t i o n a l   area  of  the  main  spool  
( 1 2 ) .  

9 -  the  valve  system  of  claim  8,  c h a r a c t e r i z e d   in  that   the  

f i r s t   and  second  driving  chambers  (20,  21)  are  each  formed  on  a  r educed  



diameter   s ec t ion   of  the  main  spool  (12)  ad jacent   r e s p e c t i v e   end  s e c t i o n s  

the reo f   and  each  having  p u b s t a n t i a l l y   less  volume  than  an  end  chamber.  

10 -  The  valve  system  of  claim  9,  c h a r a c t e r i z e d   in  that  t h e  

second  f lu id   connect ions   ( l l a ,   l lb)   inc lude  a  f i r s t   and  a  second 

e longa ted   reduced  diameter  s ec t i on   of  the  p i l o t   spool ,   f l u i d l y   coup led  

to  the  f i r s t   and  second  d r iv ing   chambers  (20,  21),  r e s p e c t i v e l y ,  

meter ing   means  for  admi t t ing   f lu id   under  p re s su re   1/  to  the  f i r s t  

s e c t i o n   when  the  p i l o t   spool  moves  in  the  f i r s t   d i r e c t i o n  ;   and  2/  t o  

the  second  s ec t i on   when  the  p i l o t   spool  moves  in  the  second  d i r e c t i o n .  

11-  The  valve  system  of  any  of  claims  2  or  7,  c h a r a c t e r i z e d   i n  

tha t   there  is  provided  f i r s t   and  second  f l o a t i n g   nonmoving  spacers  ( 5 0 ,  

51),  each  disposed  in  a  r e s p e c t i v e   end  chamber  (55,  56)  for  s l i d a b l y  

r e c e i v i n g   t h e r e i n   the  reduced  diameter   s e c t i o n   and  each  forming  one 

f ixed  wall  of  a  r e s p e c t i v e   d r iv ing   chamber.  
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