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OPERATION  VALVE  DEVICE. 

©  This  invention  relates  to  an  operation  valve  de- 
^   vice  for  supplying  a  pressure  oil  to  an  actuator  such 

as  a  hydraulic  cylinder  and  a  hydraulic  motor.  This 
O  operation  valve  device  includes  first  and  second  oil 
■P  ports  (3,  4)  for  causing  the  pressure  oil  supplied  to 

an  input  port  (2)  communicating  with  a  pump  (P)  to 
JOflow  out  selectively  into  pressure  chambers  (B,,  B2) 
jvjon  both  sides  of  an  actuator  (B)  through  outlet  ports 

(6,  7),  first  and  second  communication  ports  (12,  13) "   bored  concentrically  and  facing  each  other  in  such  a 
O_  manner  as  to  allow  the  first  and  second  oil  ports  to 
LLI  communicate  with  a  tank  port  (10),  first  and  second 

valve  ports  (14,  15)  bored  concentrically  and  con- 
tinuously  outside  the  first  and  second  communica- 

tion  ports,  respectively,  a  pair  of  support  shafts  (16, 
16)  inserted  into  each  of  these  valve  ports  in  such  a 
manner  as  to  face  each  other,  vacuum  prevention 
valves  (9,  9)  fitted  to  the  tip  of  these  support  shafts 
so  as  to  open  and  close  the  communication  ports, 
respectively,  and  check  valves  (8,  8)  fitted  into  the 
intermediate  portion  of  the  support  shafts  in  the  axial 
direction  so  as  to  prevent  the  outflow  of  the  pressure 
oil  from  the  first  and  second  oil  ports  to  the  input 
port  side,  respectively.  Since  the  vacuum  prevention 
valves  (9,  9)  and  the  check  valves  are  disposed  on 
the  concentric  support  shafts,  the  operation  valve 
device  of  the  present  invention  is  compact  in  size 
and  can  reduce  oil  leakage. 
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S P E C I F I C A T I O N  

OPERATING  VALVE  DEVICE 

TECHNICAL  FIELD  OF  THE  INVENTION 

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

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

a  h y d r a u l i c   c y l i n d e r ,   a  h y d r a u l i c   m o t o r   or  t h e   l i k e .  

BACKGROUND  ART  OF  THE  INVENTION 

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

t h e r e   i s   known  an  o p e r a t i n g   v a l v e   d e v i c e   w h i c h   i n c l u d e s ,   a s  
10  shown  in  F i g .   1,  a  ma in   s p o o l   5  f o r   a l l o w i n g   a  f i r s t   h o l e  

3  and  a  s e c o n d   h o l e   4,  r e s p e c t i v e l y   to  s e l e c t i v e l y   c o m m u n i -  

c a t e   w i t h   an  i n l e t   p o r t   2  f o r m e d   in   t h e   v a l v e   body   1,  a n d  

c h e c k   v a l v e s   8  and  v a c u u m   p r e v e n t i o n   v a l v e s   9  i n s t a l l e d  

b e t w e e n   t h e   f i r s t   and  s e c o n d   h o l e s   3  and  4,  r e s p e c t i v e l y ,  

15  and  a  f i r s t   o u t l e t   p o r t   6  and  a  s e c o n d   o u t l e t   p o r t   7 

c o n n e c t a b l e   w i t h   t h e   f i r s t   and  s e c o n d   h o l e s   3  and  4 ,  

r e s p e c t i v e l y ,   t h e   a r r a n g e m e n t   b e i n g   made  s u c h   t h a t   when  t h e  

main   s p o o l   5  i s   moved  to   t h e   l e f t   or  to  t h e   r i g h t   in   F i g .   1 

t h e   i n l e t   p o r t   2  i s   c o n n e c t e d   e i t h e r   w i t h   t h e   f i r s t   o u t l e t  

20  p o r t   6  or  w i t h   t h e   s e c o n d   o u t l e t   p o r t   7  so  as  to   s e l e c t i v e l y  

s u p p l y   f l u i d   u n d e r   p r e s s u r e   f rom  a  p r e s s u r i z e d   f l u i d   s u p p l y  

s o u r c e   P  i n t o   e i t h e r   one  of   a  f i r s t   c h a m b e r   Bx  or  a  s e c o n d  

c h a m b e r   B2  of   an  a c t u a t o r   B,  and  a l s o   a  b a c k w a r d   f l o w   o f  

_  -i  _ 
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f l u i d   u n d e r   p r e s s u r e   f rom  t h e   f i r s t   and  s e c o n d   c h a m b e r s   6 ,  

7  i n t o   t h e   i n l e t   p o r t   2  can   be  p r e v e n t e d   by  t h e   c h e c k  

v a l v e s   8  ,  and  a l s o   f l u i d   u n d e r   p r e s s u r e   can   be  d r a w n   b y  

t h e   v a c u u m   p r e v e n t i o n   v a l v e   9  f rom  a  t a n k   p o r t   10  i n t o   t h e  

5  f i r s t   c h a m b e r   B,  or  t h e   s e c o n d   c h a m b e r   B~  t h e r e b y  

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

z a t i o n .  

S t a t i n g   in   b r i e f ,   in   c a s e   t h e   p r e s s u r e   in   t h e   f i r s t  

and  s e c o n d   c h a m b e r s   B.  and  B2  w h i c h   r e s u l t s   f rom  l o a d i n g  

10  F  a p p l i e d   to  t h e   a c t u a t o r   B  ( t h a t   w i l l   be  r e f e r r e d   to   a s  

" l o a d i n g   p r e s s u r e "   h e r e i n b e l o w )   i s   h i g h e r   t h a n   t h e  

p r e s s u r e   of  f l u i d   d i s c h a r g e d   by  t h e   p r e s s u r i z e d   f l u i d  

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

f l o w i n g   f rom  t h e   a c t u a t o r   B  b a c k   i n t o   t h e   p r e s s u r i z e d  

15  f l u i d   s u p p l y   s o u r c e   B,  and  t h e r e f o r e   s u c h   b a c k w a r d   f l o w  

of  f l u i d   i s   p r e v e n t e d   by  t h e   c h e c k   v a l v e s   8,  r e s p e c t i v e l y .  

F u r t h e r ,   t h e r e   i s   a  c a s e   w h e r e   t h e   a c t u a t o r   B  i s  

moved  by  a  p r e s s u r e   l o a d i n g   F  a t   a  s p e e d   h i g h e r   t h a n   t h e  

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

20  s u p p l i e d   by  t h e   p r e s s u r i z e d   f l u i d   s u p p l y   s o u r c e   P.  I n  

t h i s   c a s e ,   t h e   c h a m b e r   on  t h e   s i d e   of  t h e   a c t u a t o r   i n t o  

w h i c h   f l u i d   i s   to   be  s u p p l i e d   w i l l   fo rm  a  v a c u u m ,   a n d  

t h e r e f o r e   t h e   v a c u u m   p r e v e n t i o n   v a l v e   9  i s   t h e n   o p e n e d   t o  

a l l o w   t h e   t a n k   p o r t   10  to   c o m m u n i c a t e   e i t h e r   w i t h   t h e  

25  f i r s t   o u t l e t   p o r t   6  or  w i t h   t h e   s e c o n d   o u t l e t   p o r t   7 
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so  as  to  d r a w   in   f l u i d   u n d e r   p r e s s u r e   f rom  t h e   f l u i d   t a n k  

11  t h e r e b y   p r e v e n t i n g   f o r m a t i o n   of  a  v a c u u m   in  t h e   c h a m b e r ,  

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

c h e c k   v a l v e s   8  and  t h e   v a c u u m   p r e v e n t i o n   v a l v e s   9  a r e  

5  i n s t a l l e d   in   two  rows   in   p a r a l l e l   r e l a t i o n s h i p   b e t w e e n  

t h e   i n l e t   p o r t   2  and  t h e   f i r s t   and  s e c o n d   o u t l e t   p o r t s   6 

and  7,  t h e   d i s t a n c e   b e t w e e n   t h e   i n l e t   p o r t   2  and  t h e   f i r s t  

and  s e c o n d   o u t l e t   p o r t s   6  and  7  b e c o m e s   l o n g   so  t h a t   t h e  

s i z e   of  t h e   v a l v e   body   1  w i l l   b e c o m e   l a r g e ,   t h u s   m a k i n g  

10  t h e   w h o l e   v a l v e   d e v i c e   l a r g e - s i z e d .  

F u r t h e r ,   s i n c e   t h e   v a c u u m   p r e v e n t i o n   v a l v e s   9  a r e  

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

v a l v e   s e a t   i s   worn   away  or  f o r e i g n   m a t t e r s   made  i n g r e s s  

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

15  p o r t   10  i n t o   t h e   f l u i d   t a n k   11  t h u s   i n c r e a s i n g   f l u i d  

l e a k a g e   and  c a u s i n g   s u c h   d i f f i c u l t i e s   as  f a i l u r e   i n  

h o l d i n g   t h e   a c t u a t o r   B  in  l o c k e d   c o n d i t i o n   or  o p e r a t i o n a l  

d e l a y ,   e t c .  

SUMMARY  OF  THE  INVENTION 

20  The  p r e s e n t   i n v e n t i o n   has   b e e n   made  in  v i e w   of  t h e  

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

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

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

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

25  and  l e a k a g e   of   f l u i d   f rom  v a c u u m   p r e v e n t i o n   v a l v e s   can  b e  
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r e d u c e d   s u b s t a n t i a l l y .  

To  a c h i e v e   t h e   a b o v e - m e n t i o n e d   o b j e c t ,   a c c o r d i n g   to   a  

f i r s t   a s p e c t   of  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  

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

5  t h e   v a l v e   body   so  as  to  c o m m u n i c a t e   w i t h   a  p r e s s u r i z e d  

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

o u t l e t   p o r t   f o r m e d   in   t h e   v a l v e   body   so  as  to   c o m m u n i c a t e  

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

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

10  t h e   v a l v e   body   a t   p o s i t i o n s   on  b o t h   s i d e s   of  t h e   i n l e t  

p o r t   so  as  to   a l l o w   t h e   i n l e t   p o r t   to   c o m m u n i c a t e   w i t h  

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

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

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

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

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

and  in  o p p o s e d   r e l a t i o n s h i p   w i t h   e a c h   o t h e r   so  as  to   a l l o w  

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

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

20  h o l e   f o r m e d   c o a x i a l l y   in   t h e   v a l v e   body   o u t s i d e   and  i n  

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

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

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

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

25  end  p o r t i o n   of  e a c h   of  t h e   s u p p o r t   s h a f t s   so  as  to  o p e n  
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and  s h u t   t h e   c o m m u n i c a t i o n   h o l e ;   and  c h e c k   v a l v e   m e a n s  

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

of  t h e   s u p p o r t   s h a f t s   so  as  to  p r e v e n t   f l u i d   u n d e r  

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

5  r e s p e c t i v e l y ,   i n t o   t h e   i n l e t   p o r t .  

To  a c h i e v e   t h e   a b o v e - m e n t i o n e d   o b j e c t ,   a c c o r d i n g   t o  

a  s e c o n d   a s p e c t   of   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   an  o p e r a t i n g   v a l v e   d e v i c e   c o m p r i s i n g :   an  i n l e t  

p o r t   f o r m e d   in   t h e   v a l v e   b o d y   so  as  to   e x t e n d   f rom  one  e n d  

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

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

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

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

v a l v e   b o d y   on  b o t h   s i d e s   o f   t h e   i n l e t   p o r t   and  in   s u b -  

15  s t a n t i a l l y   p a r a l l e l   r e l a t i o n s h i p   w i t h   e a c h   o t h e r ;   a  

v a l v e   h o l e   f o r m e d   in  t h e   v a l v e   b o d y   a t   r i g h t   a n g l e s   to   t h e  

f i r s t   and  s e c o n d   h o l e s   and  t h e   i n l e t   p o r t   so  as  to  a l l o w  

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

w i t h   t h e   i n l e t   p o r t ;   a  ma in   s p o o l   s l i d a b l y   m o u n t e d   in   t h e  

20  v a l v e   h o l e   so  as  to  a l l o w   e i t h e r   t h e   f i r s t   h o l e   or   t h e  

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

p o r t ;   a  t a n k   p o r t   f o r m e d   in   t h e   v a l v e   body   so  as  to   e x t e n d  

f rom  t h e   o t h e r   end  f a c e   t h e r e o f   to  a  s u b s t a n t i a l l y  

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

25  t h e   o t h e r   end  f a c e   and  c o m m u n i c a t i n g   w i t h   a  f l u i d   t a n k ;  

-  5  -  
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a  f i r s t   o u t l e t   p o r t   and  a  s e c o n d   o u t l e t   p o r t   f o r m e d   in  t h e  

v a l v e   b o d y   on  b o t h   s i d e s   of   t h e   t a n k   p o r t   and  in   s u b -  

s t a n t i a l l y   p a r a l l e l   r e l a t i o n s h i p   and  o u t s i d e   t h e   f i r s t  

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

5  c h a m b e r s ,   r e s p e c t i v e l y ,   d e f i n e d   on  b o t h   s i d e s   of   a n  

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

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

t h e   f i r s t   and  s e c o n d   h o l e s   and  t h e   t a n k   h o l e   and  c o a x i a l l y  

w i t h   e a c h   o t h e r   to  a l l o w   t h e   f i r s t   and  s e c o n d   h o l e s ,  

10  r e s p e c t i v e l y ,   to   c o m m u n i c a t e   w i t h   t h e   t a n k   p o r t ;   a  f i r s t  

v a l v e   h o l e   and  a  s e c o n d   v a l v e   h o l e   f o r m e d   in   t h e   v a l v e  

body   o u t s i d e   and  c o a x i a l l y   w i t h   t h e   f i r s t   and  s e c o n d  

c o m m u n i c a t i o n   h o l e s ,   r e s p e c t i v e l y ,   so  as  to  a l l o w   t h e  

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

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

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

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

s e c o n d   v a l v e   h o l e s ,   r e s p e c t i v e l y ,   so  as  to  be  t i g h t l y  

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

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

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

o t h e r ;   c h e c k   v a l v e s   e a c h   h a v i n g   a  v a l v e   body   s l i d a b l y  

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

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

25  w i t h   a  c h e c k   v a l v e   s e a t ;   and  v a c u u m   p r e v e n t i o n   v a l v e s   e a c h  
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h a v i n g   a  v a l v e   body   s l i d a b l y   m o u n t e d   on  t h e   a x i a l l y  

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

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

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

5  A c c o r d i n g   to   t h e   o p e r a t i n g   v a l v e   d e v i c e   i n c o r p o r a t i n g  

trie  a b o v e - m e n t i o n e d   a s p e c t s ,   s i n c e   t h e   c h e c k   v a l v e   b o d y  

17  and  t h e   v a c u u m   p r e v e n t i o n   v a l v e   body   20  a r e   m o u n t e d  

c o a x i a l l y   on  e a c h   of   t h e   s u p p o r t   s h a f t s   16  ,  t h e   d i s t a n c e  

b e t w e e n   t h e   i n l e t   p o r t   2  and  t h e   o u t l e t   p o r t s   6  and  7  i s  

10  s h o r t   so  t h a t   t h e   s i z e   of   t h e   v a l v e   body   1  can  be  m a d e  

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

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

vacuum  p r e v e n t i o n   v a l v e s   can   be  moved  i n d e p e n d e n t l y ,  

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

15  v a l v e   . 

F u r t h e r ,   t h e   c h e c k   v a l v e   b o d y   17  and  t h e   v a c u u m  

p r e v e n t i o n   v a l v e   body   20  a r e   m o u n t e d   c o a x i a l l y   and  t h e i r  

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

t h e r e   a r e   d o u b l e   s e a t s   a g a i n s t   l e a k a g e   of  f l u i d   on  t h e  

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

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

i n g r e s s   i n t o   one  of   t h e   c h e c k   v a l v e   and  t h e   v a c u u m  

p r e v e n t i o n   v a l v e ,   s e a l i n g   by  t h e   o t h e r   can   be  a c h i e v e d  

t h u s   e n h a n c i n g   t h e   r e l i a b i l i t y   t h e r e o f   on  l e a k a g e  

25  p r e v e n t i o n   a g a i n s t   i n g r e s s   of  f o r e i g n   m a t t e r s .  
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The  a b o v e - m e n t i o n e d   and  o t h e r   o b j e c t s ,   a s p e c t s   a n d  

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

to   t h o s e   s k i l l e d   in  t h e   a r t   by  m a k i n g   r e f e r e n c e   to   t h e  

f o l l o w i n g   d e s c r i p t i o n   and  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  

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

of  t h e   p r e s e n t   i n v e n t i o n   i s   shown  f o r   e x a m p l e   o n l y .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s c h e m a t i c ,   s e c t i o n a l   v i e w   s h o w i n g   a  

p r i o r   a r t   e m b o d i m e n t   of   t h e   o p e r a t i n g   v a l v e   d e v i c e ;  

10  F i g .   2  i s   a  s c h e m a t i c ,   s e c t i o n a l   v i e w   s h o w i n g   a n  

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

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

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

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

15  e m b o d i m e n t   shown  in  F i g .   2 .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

d e t a i l   b e l o w   by  way  of  a  p r e f e r r e d   e m b o d i m e n t   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 .  

20  F i g .   2  i s   a  s c h e m a t i c ,   s e c t i o n a l   v i e w   s h o w i n g   a n  

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

p r e s e n t   i n v e n t i o n ,   w h e r e   t h e   same  c o m p o n e n t   p a r t s   a s  

t h o s e   of   t h e   a f o r e m e n t i o n e d   e m b o d i m e n t   ( shown   in  F i g .   1)  

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

25  and  t h e r e f o r e   d e s c r i p t i o n   of  them  i s   o m i t t e d   h e r e i n .  
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A  p o r t   10  c o n n e c t e d   to   a  f l i u i d   t a n k   i s   a l l o w e d   t o  

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

h o l e s   12  and  13  ,  w h i c h   a r e   f o r m e d   in   an  i n t e r m e d i a t e  

p o r t i o n   i n t e r p o s e d   b e t w e e n   a  f i r s t   p o r t   3  and  a  s e c o n d  

5  p o r t   4  p e r f o r a t e d   in   a  v a l v e   b o d y   1  in   s u b s t a n t i a l l y  

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

and  s e c o n d   h o l e s   3  and  4.  F u r t h e r ,   t h e   v a l v e   b o d y   1  has   a  

f i r s t   o u t l e t   p o r t   6  and  a  s e c o n d   o u t l e t   p o r t   w h i c h   a r e  

f o r m e d   t h e r e i n   so  as  to  e x t e n d   f rom  one  end  t h e r e o f   a n d  

10  s u b s t a n t i a l l y   o p p o s i t e   to   t h e   f i r s t   and  s e c o n d   h o l e s   3 

and  4,  r e s p e c t i v e l y ,   and  w h i c h   a r e   c o n n e c t e d   to   p r e s s u r e  

c h a m b e r s   B,  and  B,  r e s p e c t i v e l y ,   of   an  a c t u a t o r   B.  S t i l l  

f u r t h e r ,   t h e   v a l v e   body   1  has   a  f i r s t   v a l v e   h o l e   14  and  a  

s e c o n d   v a l v e   h o l e   15  f o r m e d   t h e r e i n   o u t s i d e   t h e   f i r s t   a n d  

15  s e c o n d   o u t l e t   p o r t s   6  and  7,  r e s p e c t i v e l y ,   and  c o a x i a l l y  

w i t h   t h e   f i r s t   and  s e c o n d   c o m m u n i c a t i o n   h o l e s   12  and  13  , 

r e s p e c t i v e l y .   S u p p o r t   s h a f t s   16,   16  a r e   i n s e r t e d   in   t h e  

f i r s t   and  s e c o n d   v a l v e   h o l e s   14  and  15,  r e s p e c t i v e l y .  

Base   p o r t i o n s   1 6 a ,   16a  of  t h e   s u p p o r t   s h a f t s   16,  16  a r e  

20  f i x e d l y   s e c u r e d   so  as  to   be  t i g h t l y   f i t t e d   in   t h e   f i r s t  

and  s e c o n d   v a l v e   h o l e s   14  and  15,   r e s p e c t i v e l y ,   so  t h a t  

t h e   l e a d i n g   end  p o r t i o n s   16b ,   16b  of   t h e   s u p p o r t   s h a f t s  

16  ,  16  e x t e n d i n g   i n t o   t h e   f i r s t   and  s e c o n d   c o m m n i c a t i o n  

h o l e s   12  and  13,   r e s p e c t i v e l y ,   may  be  l o c a t e d   in   o p p o s e d  

25  r e l a t i o n s h i p   w i t h   e a c h   o t h e r .  
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F u r t h e r ,   a  c y l i n d r i c a l   c h e c k   v a l v e   body   17  i s   s l i d a b l y  

m o u n t e d   on  an  a x i a l   i n t e r m e d i a t e   p o r t i o n   16c  of  e a c h   o f  

t he   s u p p o r t   s h a f t s   16,   and  t h e   v a l v e   b o d y   17  i s   b i a s e d   b y  

a  s p r i n g   18  so  as  to  make  p r e s s u r e   c o n t a c t   w i t h   a  c h e c k  

5  v a l v e   s e a t   19  t h e r e b y   f o r m i n g   a  c h e c k   v a l v e   8 .  

F u r t h e r ,   a  v a c u u m   p r e v e n t i o n   v a l v e   body   20  i s  

s l i d a b l y   m o u n t e d   on  t h e   l e a d i n g   end  p o r t i o n   16b  of  e a c h  

of  t h e   s u p p o r t   s h a f t s   16  so  as  to  p r e v e n t   e i t h e r   one  o f  

t h e   p r e s s u r e   c h a m b e r s   B1  or  B2  d e f i n e d   or   b o t h   s i d e s   o f  

10  t h e   p i s t o n   of   t h e   a c t u a t o r   B  f rom  f o r m i n g   a  v a c u u m ,   a n d  

t h e   v a l v e   body   20  i s   b i a s e d   by  a  s p r i n g   21  so  as  to   m a k e  

p r e s s u r e   c o n t a c t   w i t h   a  v a c u u m   p r e v e n t i o n   v a l v e   s e a t   2 2 ,  

t h u s   f o r m i n g   a  v a c u u m   p r e v e n t i o n   v a l v e   9 .  

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

15  a b o v e ,   when  t h e   l o a d i n g   p r e s s u r e   in   t h e   a c t u a t o r   B  i s   h i g h ,  

t h e   c h e c k   v a l v e   body   17  i s   u r g e d   by  t h e   l o a d i n g   p r e s s u r e  

so  as  to   make  p r e s s u r e   c o n t a c t   w i t h   t h e   c h e c k   v a l v e   s e a t  

19  so  t h a t   a  b a c k w a r d   f l o w   of   f l u i d   u n d e r   p r e s s u r e   i n t o  

a  p r e s s u r i z e d   f l u i d   s u p p l y   s o u r c e   P  can   be  p r e v e n t e d .  

20  F u r t h e r ,   i f   t h e   a c t u a t o r   B  i s   moved  a t   a  s p e e d  

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

u n d e r   p r e s s u r e   s u p p l i e d   by  t h e   p r e s s u r i z e d   f l u i d   s u p p l y  

s o u r c e   P  so  as  to   fo rm  a  v a c u u m   e i t h e r   in  t h e   f i r s t   c h a m b e r  

B1  or  in   t h e   s e c o n d   c h a m b e r   B.,,  t h e n   t h e   c h e c k   v a l v e   b o d y  

25  17  and  t h e   v a c u u m   p r e v e n t i o n   v a l v e   body   20  a r e   m o v e d  
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a g a i n s t   t h e   r e s i l i e n t   f o r c e s   of  t h e   s p r i n g s   18  and  2 1 ,  

r e s p e c t i v e l y ,   so  as  to  c o m m u n i c a t e   t h e   t a n k   p o r t   10  e i t h e r  

w i t h   t h e   f i r s t   o u t l e t   p o r t   6  or  w i t h   t h e   s e c o n d   o u t l e t  

p o r t   7  to   d r a w   in   p r e s s u r i z e d   f l u i d   f rom  a  f l u i d   t a n k   1 1  

5  t h e r e b y   p r e v e n t i n g   f o r m a t i o n   of   a  v a c u u m   in  t h e   c h a m b e r  

B,  or  B , .  

S t i l l   f u r t h e r ,   s i n c e   t h e   c h e c k   v a l v e   body   7  and  t h e  

v a c u u m   p r e v e n t i o n   v a l v e   body   20  a r e   s l i d a b l y   m o u n t e d  

c o a x i a l l y   on  t h e   s u p p o r t   s h a f t   16,   t h e   d i s t a n c e   b e t w e e n   t h e  

10  i n l e t   p o r t   2  and  t h e   o u t l e t   p o r t s   6  and  7  can   be  r e d u c e d  

so  t h a t   t h e   s i z e   of   t h e   v a l v e   b o d y   1  can  be  r e d u c e d   t h u s  

m a k i n g   t h e   w h o l e   of  t h e   v a l v e   d e v i c e   c o m p a c t ,   and  s i n c e  

m o v e m e n t s   of   t h e   c h e c k   v a l v e   b o d y   17  and  t h e   v a c u u m  

p r e v e n t i o n   v a l v e   body   20  o c c u r s   i n d e p e n d e n t l y ,   t h e  

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

e n h a n c e d .  

F u r t h e r ,   s i n c e   t h e   c h e c k   v a l v e s   8  a r e   l o c a t e d   i n  

t h e   o u t l e t   p o r t s   6  and  7,  r e s p e c t i v e l y ,   l e a k a g e   of  f l u i d  

u n d e r   p r e s s u r e   f rom  t h e   a c t u a t o r   B  can   be  p r e v e n t e d   s u b -  

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

c o m b i n a t i o n s   of  v a l v e   b o d i e s   17  and  20  of  t h e   c h e c k   v a l v e  

8  and  t h e   v a c u u m   p r e v e n t i o n   v a l v e   9  w i t h   v a l v e   s e a t s   19 

and  22,   r e s p e c t i v e l y ,   i f   l e a k a g e   of  f l u i d   o c c u r s   in   o n e  

of  t h e   c o m b i n a t i o n s   due  to   f o r e i g n   m a t t e r s   p r e v e n t   t h e r e i n ,  

25  t h e n   f l u i d   l e a k a g e   can  be  p r e v e n t e d   by  t h e   o t h e r   c o m b i n a t i o n  
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t h e r e b y   e n h a n c i n g   t h e   r e l i a b i l i t y   on  f l u i d   l e a k a g e  

p r e v e n t i o n .  

M o r e o v e r ,   t h e   ma in   s p o o l   5  i s   h e l d   a t   i t s   n e u t r a l  

p o s i t i o n   by  a  p a i r   of  s p r i n g s   5a ,   5a  and  can   be  s l i d a b l y  

5  moved  to   t h e   l e f t   or  to   t h e   l i g h t   by  a u p p l y i n g   p i l o t   f l u i d  

u n d e r   p r e s s u r e   i n t o   one  of   p r e s s u r e   c h a m b e r s   5b,   5 b .  

F ig   .  3  shows   an  e x a m p l e   of   a p p l i c a t i o n   u s i n g   t h e  

e m b o d i m e n t   of  t h e   o p e r a t i n g   v a l v e   d e v i c e   shown  in  F i g .   2 .  

The  a r r a n g e m e n t   i s   made  s u c h   t h a t   e a c h   of   t h e   f i r s t   a n d  

10  s e c o n d   o u t l e t   p o r t s   6,  7  a s s o c i a t e d   w i t h   t h e   f i r s t   a n d  

s e c o n d   h o l e s   3,  4,  r e s p e c t i v e l y ,   i s   c o n t r o l l e d   t h r o u g h  

a  t w o - p o s i t i o n ,   t w o - d i r e c t i o n   c o n t r o l   v a l v e   30  to   b e  

c o n n e c t e d   w i t h   or  d i s c o n n e c t e d   f rom  a  f l u i d   t a n k   11.  E a c h  

of  t h e   t w o - p o s i t i o n ,   t w o - d i r e c t i o n   c o n t r o l   v a l v e s   30  i s  

15  n o r m a l l y   h e l d   by  a  s p r i n g   31  a t   i t s   d i s c o n n e c t i n g   p o s i t i o n  

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

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

c h a m b e r   30a  so  t h a t   t h e   p r e s s u r i z e d   f l u i d   d i s c h a r g e d   b y  

a  p i l o t   pump  P,  may  be  s u p p l i e d   t h r o u g h   a  f i r s t   p i l o t   v a l v e  

20  32  and  a  s e c o n d   p i l o t   v a l v e   33,   r e s p e c t i v e l y ,   i n t o   t h e  

a b o v e - m e n t i o n e d   p r e s s u r e   c h a m b e r s   5a  and  3 0 a ,   r e s p e c t i v e l y .  

Such   b e i n g   t h e   a r r a n g e m e n t ,   when  t h e   f i r s t   p i l o t  

v a l v e   32  i s   c h a n g e d   o v e r   by  means   of   a  l e v e r   34,   p i l o t  

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

25  c h a m b e r s   56  of   t h e   ma in   s p o o l   5  and  t h e   p r e s s u r e   c h a m b e r  
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30a  of  one  of   t h e   two  p o s i t i o n ,   t w o - d i r e c t i o n   c o n t r o l  

v a l v e s   30,   r e s p e c t i v e l y ,   so  t h a t   t h e   m a i n   s p o o l   5  m a y  

a s s u m e   i t s   f i r s t   p o s i t i o n   I I I   w h e r e   t h e   i n l e t   p o r t   2  i s  

a l l o w e d   to  c o m m u n i c a t e   w i t h   t h e   s e c o n d   h o l e   4,  and  a l s o  

5  t h e   t w o - p o s i t i o n ,   t w o - d i r e c t i o n   c o n t r o l   v a l v e   30  m a y  

a s s u m e   i t s   c o n n e c t i n g   p o s i t i o n   I I .  

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

t h e   p r e s s u r i z e d   f l u i d   s u p p l y   s o u r c e   P  i s   s u p p l i e d   f r o m  

t h e   i n . u e t   p o r t   2  i n t o   t h e   s e c o n d   c h a m b e r   B2  of  t h e  

10  a c t u a t o r   B  t h r o u g h   t h e   s e c o n d   h o l e   4  and  t h e   s e c o n d  

o u t l e t   p o r t   7,  w h i l s t   t h e   p r e s s u r i z e d   f l u i d   in   t h e   f i r s t  

c h a m b e r   B,  w i l l   f l o w   i n t o   t h e   f l u i d   t a n k   11  t h r o u g h   t h e  

f i r s t   o u t l e t   p o r t   6  and  t h e   t w o - p o s i t i o n ,   t w o - d i r e c t i o n  

c o n t r o l   v a l v e   3 0 .  

15  At  t h a t   t i m e ,   t h e   f l u i d   u n d e r   p r e s s u r e   in  t h e   f i r s t  

c h a m b e r   B,  i s   p r e v e n t e d   by  a  c h e c k   v a l v e   8  i n s t a l l e d   i n  

t h e   f i r s t   h o l e   3  to   f l o w   o u t   t o w a r d s   t h e   s i d e   of   t h e   m a i n  

s p o o l   5,  w h i l s t   t h e   f l u i d   u n d e r   p r e s s u r e   f l o w i n g   i n t o  

t h e   s e c o n d   h o l e   4  w i l l   o p e n   a n o t h e r   c h e c k   v a l v e   8  and  f l o w  

20  i n t o   t h e   s e c o n d   o u t l e t   p o r t   7 .  

F u r t h e r ,   i f ,   in   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n ,   t h e  

p r e s s u r e   l o a d i n g   F  a p p l i e d   to  t h e   a c t u a t o r   B  e x c e e d s   t h e  

v a l u e   of   a c t u a t o r   t h r u s t   F  b a s e d   on  t h e   p r e s s u r e   P~  d e c i d e d  

by  t h e   s e t t i n g   p r e s s u r e   of  a  m a i n   r e l i e f   v a l v e   35,   t h e n  

25  t h e r e   i s   a  r i s k   of  t h e   f l u i d   u n d e r   p r e s s u r e   in   t h e   s e c o n d  
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c h a m b e r   B~  f l o w i n g   b a c k   i n t o   t h e   p r e s s u r i z e d   f l u i d   s u p p l y  

s o u r c e   P  t h r o u g h   t h e   s e c o n d   h o l e   4  and  d a m a g i n g   t h e   f l u i d  

s u p p l y   s o u r c e   P.  H o w e v e r ,   t h e   c h e c k   v a l v e   8  i n s t a l l e d  

in  t h e   s e c o n d   h o l e   4  w i l l   p r e v e n t   f l u i d   u n d e r   p r e s s u r e   f r o m  

5  f l o w i n g   b a c k   i n t o   t h e   p r e s s u r i z e d   f l u i d   s u p p l y   s o u r c e   P  a n d  

d a m a g i n g   i t   . 

F u r t h e r ,   i f   t h e   a c t u a t o r   B  i s   moved  by  a  p r e s s u r e  

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

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

10  p r e s s u r i z e d   f l u i d   s u p p l y   s o u r c e   P,  t h e n   t h e   s e c o n d   c h a m b e r  

B_  w i l l   fo rm  a  v a c u u m .   H o w e v e r ,   t h e   f l u i d   u n d e r   p r e s s u r e  

in  t h e   f l u i d   t a n k   11  i s   d r a w n   t h r o u g h   a  v a c u u m   p r e v e n t i o n  

v a l v e   9  i n t o   t h e   s e c o n d   c h a m b e r   B»  so  as  to   r e f l e n i s h   t h e  

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

15  t h e r e i n .  
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WHAT  IS  CLAIMED  I S :  

1.  An  o p e r a t i n g   v a l v e   d e v i c e   h a v i n g   an  i n l e t   p o r t   f o r m e d  

in  t h e   v a l v e   b o d y   t h e r e o f   so  as  to   c o m m u n i c a t e   w i t h   a  

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

a  s e c o n d   o u t l e t   p o r t   f o r m e d   in   t h e   v a l v e   body   so  as  t o  

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

on  b o t h   s i d e s   of   an  a c t u a t o r ,   a  f i r s t   h o l e   and  a  s e c o n d  

h o l e   f o r m a t   in   t h e   v a l v e   body   a t   p o s i t i o n s   on  b o t h   s i d e s   o f  

s a i d   i n l e t   p o r t   so  as  to  a l l o w   s a i d   i n l e t   p r o t   t o  

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

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

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

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

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

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

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

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

and  a  s e c o n d   v a l v e   f o r m e d   c o a x i a l l y   in  t h e   v a l v e   b o d y  

o u t s i d e   and  in  s u c c e s s i o n   w i t h   t h e s e   c o m m u n i c a t i o n   h o l e s ,  

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

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

e a c h   o t h e r ;   v a c u u m   p r e v e n t i o n   v a l v e   means   e a c h   m o u n t e d  

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

so  as  to   o p e n   and  s h u t   s a i d   c o m m u n i c a t i o n   h o l e ;   and  c h e c k  

v a l v e   m e a n s   e a c h   m o u n t e d   on  t h e   a x i a l l y   i n t e r m e d i a t e  
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25  p o r t i o n   of   e a c h   of   s a i d   s u p p o r t   s h a f t s   so  as  to   p r e v e n t  

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

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

2.  An  o p e r a t i n g   v a l v e   d e v i c e   c o m p r i s i n g :  

(a)  an  i n l e t   p o r t   f o r m e d   in   t h e   v a l v e   b o d y   t h e r e o f  

so  as  to   e x t e n d   f rom  one  end  f a c e   t h e r e o f   to   a  s u b s t a n -  

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

5  a t   r i g h t   a n g l e s   to   t h e   one  end  f a c e   and  c o m m u n i c a t i n g   w i t h  

a  p r e s s u r i z e d   f l u i d   s u p p l y   s o u r c e ;  

(b)  a  f i r s t   h o l e   and  a  s e c o n d   h o l e   f o r m e d   in   t h e  

v a l v e   b o d y   on  b o t h   s i d e s   of  t h e   i n l e t   p o r t   and  in   s u b -  

s t a n t i a l l y   p a r a l l e l   r e l a t i o n s h i p   w i t h   e a c h   o t h e r ;  

10  (c)  a  v a l v e   h o l e   f o r m e d   in   t h e   v a l v e   body   a t   r i g h t  

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

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

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

(d)  a  m a i n   s p o o l   s l i d a b l y   m o u n t e d   in  s a i d   v a l v e   h o l e  

15  so  as  to  a l l o w   e i t h e r   s a i d   f i r s t   h o l e   or  s a i d   s e c o n d  

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

(e)  a  t a n k   p o r t   f o r m e d   in   t h e   v a l v e   body   so  as  t o  

e x t e n d   f rom  t h e   o t h e r   end  f a c e   t h e r e o f   to   a  s u b s t a n t i a l l y  

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

20  t h e   o t h e r   end  f a c e   and  c o m m u n i c a t i n g   w i t h   a  f l u i d   t a n k ;  

(f)  a  f i r s t   o u t l e t   p o r t   and  a  s e c o n d   o u t l e t   p o r t  

f o r m e d   in   t h e   v a l v e   body   on  b o t h   s i d e s   of  t h e   t a n k   p o r t  
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and  in   s u b s t a n t i a l l y   p a r a l l e l   r e l a t i o n s h i p   and  o u t s i d e  

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

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

s i d e s   of  an  a c t u a t o r ;  

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

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

t h e   f i r s t   and  s e c o n d   h o l e s   and  t h e   t a n k   h o l e   and  c o a x i a l l y  

30  w i t h   e a c h   o t h e r   to   a l l o w   s a i d   f i r s t   and  s e c o n d   h o l e s ,  

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

(h)  a  f i r s t   v a l v e   h o l e   and  a  s e c o n d   v a l v e   h o l e   f o r m e d  

in  t h e   v a l v e   b o d y   o u t s i d e   and  c o a x i a l l y   w i t h   t h e   f i r s t  

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

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

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

r e s p e c t i v e l y   ; 

( i)   a  p a i r   of   s u p p o r t   s h a f t s   w h o s e   b a s e   p o r t i o n s  

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

40  s e c o n d   v a l v e   h o l e s ,   r e s p e c t i v e l y ,   so  as  to   be  t i g h t l y  

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

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

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

o t h e r ;  

45  ( j)   c h e c k   v a l v e s   e a c h   h a v i n g   a  v a l v e   body   s l i d a b l y  

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

s a i d   s u p p o r t   s h a f t s   and  h e l d   by  a  s p r i n g   i n t o   p r e s s u r e  
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c o n t a c t   w i t h   a  c h e c k   v a l v e   s e a t ;   a n d  

(k)  v a c u u m   p r e v e n t i o n   v a l v e s   e a c h   h a v i n g   a  v a l v e  

50  body   s l i d a b l y   m o u n t e d   qn  t h e   a x i a l l y   l e a d i n g   end  p o r t i o n  

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

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