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(S)  Fluid  control  system. 
©  The  invention  relates  to  a  hydraulic  system  for  the  con- 
trol  of  an  actuator  consisting  of  a  double  acting  cylinder  and 
piston  unit.  The  control  system  comprises  a  bi-directional 
pump  C  the  opposite  outlets  C,  and  C2  of  which  are  con- 
nected  respectively  with  the  opposite  ends  of  the  cylinder  B 
through  a  one-way  pressure  check  valve  Di.  Each  end  of  the 
cylinder  is  also  connected  with  a  hydraulic  reservoir  G 
through  a  check  valve  Ei  which  is  also  connected  with  the 
respective  pump  outlet  C,  so  as  to  close  in  response  to  a 
predetermined  increase  in  the  hydraulic  pressure  between 
the  pump  outlet  Ci  and  its  respective  one-way  pressure 
check  valve  D,. 
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T h e   invention  relates  to  a  hydraulic  system  for  the  con- 
trol  of  an  actuator  consisting  of  a  double  acting  cylinder  and 
piston  unit.  The  control  system  comprises  a  bi-directional 
pump  C  the  opposite  outlets  C1  and  C2  of  which  are  con- 
nected  respectively  with  the  opposite  ends  of  the  cylinder  B 
through  a  one-way  pressure  check  valve  D1.  Each  end  of  the 
cylinder  is  also  connected  with  a  hydraulic  reservoir  G 
through  a  check  valve  E1  which  is  also  connected  with  the 
respective  pump  outlet  C,  so  as  to  close  in  response  to  a 
predetermined  increase  in  the  hydraulic  pressure  between 
the  pump  outlet  C1  and  its  respective  one-way  pressure 
check  valve D1. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  f l u i d  

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

a  m o t o r   d e v i c e ,   s u c h   as  an  a c t u a t o r .   In   p a r t -  

i c u l a r ,   b u t   n o t   e x c l u s i v e l y ,   t he   i n v e n t i o n   i s  

c o n c e r n e d   w i t h   t h e   p r o v i s i o n   of  an  i m p r o v e d  

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

f u n c t i o n s   of   t h e   m o v a b l e   member  o f   an  a c t u a t o r ,  

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

c y l i n d e r   and  p i s t o n   u n i t .  

An  o b j e c t   of   t h e   i n v e n t i o n   i s   t o  

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

a  b i - r o t a t i o n a l   pump  c o n n e c t e d   w i t h   t h e   o p p o -  

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

d e v i c e   so  as  to   move  t h e   p i s t o n   t h e r e i n   i n  

one  or  t h e   o t h e r   d i r e c t i o n   in   t he   c y l i n d e r  

d e p e n d i n g   on  t h e   s e l e c t e d   d i r e c t i o n   o f  

r o t a t i o n   of   t h e   pump. .   A  f u r t h e r   m o r e  

s p e c i f i c   o b j e c t   of  t h e   i n v e n t i o n   i s   t o  

p r o v i d e   v a l v i n g   in  t he   f l u i d   c o n t r o l  

c i r c u i t s   so  as  to   p r e v e n t   b a c k   p r e s s u r e  

f r o m   t h e   c y l i n d e r   d r i v i n g   t h e   pump  in  t h e  

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

to  t h e   p i s t o n   r o d .   A  s t i l l  f u r t h e r   o b j e c t  



of  t h e   i n v e n t i o n   i s   to  p r o v i d e   means   f o r  

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

e v e n t   t h a t   t h e   o u t p u t   p r e s s u r e   f r o m   t h e  

pump  d r o p s   b e l o w   t h e   b a c k   p r e s s u r e   f r o m   t h e  

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

In   i t s   b r o a d e s t   a s p e c t   t h e   i n v e n t i o n  

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

o p e r a t i o n  o f   an  a c t u a t o r   c o n s i s t i n g   of  a  

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

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

c o n n e c t e d   e a c h   w i t h   an  o p p o s i t e   o u t p u t   of  a  

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

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

f r o m   s a i d   one   c y l i n d e r   end  to  s a i d   pump,   s a i d  

s y s t e m   b e i n g   f u r t h e r   c h a r a c t e r i s e d   in   t h a t   e a c h  

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

to  a  f l u i d   r e s e r v o i r   t h r o u g h   a  c h e c k   v a l v e  

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

f l u i d   f r o m   s a i d   c y l i n d e r   end  to  s a i d   r e s e r v o i r  

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

a  p r e d e t e r m i n e d   i n c r e a s e   in   p r e s s u r e   b e t w e e n  

t h e   c o r r e s p o n d i n g   pump  o u t p u t   and   i t s   o n e - w a y  

p r e s s u r e   c h e c k   v a l v e .  



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

a c t i n g   c y l i n d e r   B,  t h e   e n d s   of  w h i c h   a r e  

p r o v i d e d   w i t h   p o r t s   B1,  B 2  f o r   t h e   c o n n e c t i o n  

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

t h e   i n v e n t i o n .   The  p i s t o n   r o d   R  e x t e n d s   f r o m  

one  end  of  t he   c y l i n d e r   B  and  i s   c o n n e c t e d   t o  

a  d e v i c e   to   be  a c t u a t e d   s u c h   as  a  v a l v e .  

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

pump  C  w h i c h   i s   a  b i - d i r e c t i o n a l   r o t a r y   g e a r  

pump  w i t h   a  h i g h   l e a k a g e   r a t e   a c r o s s   t he   g e a r s .  

The  pump  i s   p r e f e r a b l y   r o t a t e d   m a n u a l l y ,   b u t  

may  be  m o t o r   d r i v e n .   The  p o r t   B1  a t   one  e n d  

of  the   c y l i n d e r   B  i s   c o n n e c t e d   w i t h   one  o u t p u t  

C1  of  t h e   pump  C  by  a  h y d r a u l i c   l i n e   w h i c h  

i n c l u d e s   a  n o r m a l l y   c l o s e d   o n e - w a y   p r e s s u r e  

c h e c k   v a l v e   D1.  The  v a l v e   D1  i s  a   r e l a t i v e l y  

h i g h   c r a c k   p r e s s u r e   c h e c k   v a l v e   o p e r a b l e ,   f o r  

e x a m p l e ,   a t   a  p r e s s u r e   of  a b o u t   4 0 1 b s .   p e r  

s q u a r e   i n c h .  

The  h y d r a u l i c   l i n e   b e t w e e n   t h e   p o r t   B1 

and  c h e c k   v a l v e   D1  may  f u r t h e r   i n c l u d e   a  f l o w  

c o n t r o l   v a l v e   A1  w h i c h   i s   a d j u s t a b l e   to  v a r y  



I n   t h e  p r e f e r r e d   e m b o d i m e n t   o f  t h e  

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

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

u n i t   and  f l o w   c o n t r o l   v a l v e s   may  be  l o c a t e d  

in  t h e   c i r c u i t   l i n e s   to  the   c y l i n d e r   so  a s  

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

of  t h e   p i s t o n .  

I n  o r d e r   t h a t   t h e   i n v e n t i o n   may  b e  

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

w i l l   now  be  d e s c r i b e d   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   in   w h i c h : -  

F i g u r e   1  i s   a  d i a g r a m m a t i c   r e p r e s e n t -  

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

t h e   f e a t u r e s   of   t h e   i n v e n t i o n   and  a d a p t e d  t o  

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

u n i t ,   a n d  

F i g u r e   2  i s   s i m i l a r   to  F i g u r e   1  b u t  

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

o p e r a t i n g   in   one  d i r e c t i o n  s o   as  to  move  t h e  

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

.  I n   t h e   d r a w i n g s   a  p i s t o n   P  h a v i n g  a  



d r a w s   f l u i d   f r o m   t he   r e s e r v o i r   G  t h r o u g h  

o n e - w a y   c h e c k   v a l v e   F2  w h i c h   now  o p e n s   a n d  

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

C   of  t he   pump.   The  o u t l e t   p r e s s u r e   of  t h e  

f l u i d   f r o m   t h e   pump  C  c l o s e s   c h e c k   v a l v e   F 1  

to  t he   r e s e r v o i r   G  and  when  t h e   p r e s s u r e  

r e a c h e s   a p p r o x i m a t e l y   one  h a l f   t h e   c r a c k  

p r e s s u r e   of  t h e   c h e c k   v a l v e   D 1 ,  t h e  

p r e s s u r e   a l s o   c o m m u n i c a t e d   to  v a l v e   E1 

c l o s e s   t h e   v a l v e   E1  so  i s o l a t i n g   t h e   c o r r e s -  

p o n d i n g   end  of  c y l i n d e r   B  f rom  the   r e s e r v o i r  

G.  The  v a l v e   D1  o p e n s   a t   i t s   r a t e d   p r e s s u r e  

and  the   p r e s s u r e   t h e n   b u i l d s   up  in  t h e  

c o r r e s p o n d i n g   r i g h t   h a n d   end  of  c y l i n d e r   B .  

At  t h i s   t i m e   f l u i d   in   t h e   l e f t   h a n d   end  o f  

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

c y l i n d e r   v i a   p o r t   B2  to  t h e   r e s e r v o i r   G 

t h r o u g h   t h e   open   c h e c k   v a l v e - E 2   so  t h a t   t h e  

p i s t o n  P   w i l l   move  to  t h e   l e f t   and  r e t r a c t  

the   p i s t o n   r o d   R .  

The  s y s t e m   w o r k s   in  a  s i m i l a r   m a n n e r  

to  e x t e n d   t h e   p i s t o n   r o d   R  f rom  t h e   c y l i n d e r  



t h e   s p e e d   of  o p e r a t i o n   of  t h e   s y s t e m ,   a n d  

t h e   l i n e   i s  a d d i t i o n a l l y   c o n n e c t e d   to  t h e  

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

o p e r a t e d   c h e c k   v a l v e   E 1 .  

The  h y d r a u l i c   l i n e   b e t w e e n   t h e  

p r e s s u r e   c h e c k   v a l v e   D1  and   pump  o u t p u t   C1 

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

a  o n e - w a y  c h e c k   v a l v e   F1;   and  s e c o n d l y ,   w i t h  

t h e   c h e c k   v a l v e   B1  on  t h a t   s i d e   o f   t h e   c h e c k  

v a l v e   r e m o t e   f rom  t h e   r e s e r v o i r .  

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

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

c o n n e c t i o n s   and  v a l v e s   b e t w e e n   t h e   p o r t   B 2  a t  

t h e   o t h e r   end  of   t h e  c y l i n d e r   B  and   the   o t h e r  

o u t l e t   C2  of  t he   pump,  t h e   v a r i o u s   v a l v e s  

b e i n g   g i v e n   t h e   c o r r e s p o n d i n g   r e f e r e n c e  

l e t t e r s   w i t h   t h e   s u s c r i p t   2 .  

The  h y d r a u l i c   s y s t e m   as  s h o w n  i n   F i g u r e  

'1  i s   in   an  i n o p e r a t i v e   p o s i t i o n .   I n  F i g u r e   2  

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

g i z e   t h e   pump  C  so  t h a t  i t   r o t a t e s   c l o c k w i s e  

in   t h e   d i r e c t i o n  o f   t h e   a r r o w .   The  p u m p  C  



when  t he   pump  C  is   o p e r a t e d   in   t h e   o p p o s i t e  

a n t i - c l o c k w i s e   d i r e c t i o n .  

S p e e d   c o n t r o l   of  t he   s y s t e m   may  b e  

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

v a l v e s   A1  and  A 2 .  

In   p r a c t i c e   the   p a r t s   of  t h e   s y s t e m  

i n d i c a t e d   by  the   r e f e r e n c e   l e t t e r   G  i n d i c a t e s  

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

p a r t s   of   t h e   s y s t e m   shown  by  t he   r e f e r e n c e  

l e t t e r s   C  to  G  a re   a l l   c o n t a i n e d   w i t h i n   t h e  

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

The  s h a f t   of  the   pump  C  p r o t r u d e s   t h r o u g h   t h e  

f r o n t   of  t h e   r e s e r v o i r ,   as  do  t h e   p o r t s   a n d  

the   r e s e r v o i r   b r e a t h e r / f i l t e r .   The  f l o w  

c o n t r o l   v a l v e s   A  when  r e q u i r e d   w o u l d   b e  

m o u n t e d   to  t he   p o r t s .  

I f   an  o u t s i d e   f o r c e   i s   a p p l i e d   to  t h e  

p i s t o n   rod   R  of  the   c y l i n d e r   B  t h u s   g e n e r a t i n g  

a  b a c k   p r e s s u r e ,  t h e   c h e c k   v a l v e s   D1,  D2 

p r e v e n t   t he   f l u i d   f rom  r e a c h i n g   t h e   pump  C 

and  t h e r e b y   d r i v i n g   i t   as  a  m o t o r .   M a n u a l  

o p e r a t i o n   of  t he   pump  C  in  t h i s   s i t u a t i o n  



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

v a l v e   l i n e   to   k e e p   t h e   p i l o t   o p e r a t e d  

n o r m a l l y   open   c h e c k   v a l v e s   E11  E2  in  a  

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

l o c k .   The  c o n t r o l   s y s t e m   of  t h e   i n v e n t i o n  

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

upon   c e s s a t i o n   of   m a n u a l   o p e r a t i o n   of  t h e  

pump  h a n d l e ,   t he   p r e s s u r e   d r o p   due  to  l e a k a g e  

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

an  i n s t a n t a n e o u s   o p e n i n g   of   t he   p i l o t   o p e r a t e d  

c h e c k   v a l v e s   E 1 '   E2  so  t h a t   a  h y d r a u l i c   l o c k  

i s   a v o i d e d .  

I f   d e s i r e d ,   t h e   o n e - w a y   c h e c k   v a l v e s  

D1  and  D2  may  be  e a c h   c o m b i n e d   as  a  s i n g l e ,  

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

c h e c k   v a l v e   E1  and  E2 .   In   s u c h   an  a r r a n g e m e n t  

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

v a l v e   h a v i n g   a  v a l v e   member   w h i c h   i s   s l i d a b l y  

m o v a b l e   in   r e s p o n s e  t o   t he   pump  p r e s s u r e  

f i r s t l y   to  i s o l a t e   t he   r e s e r v o i r   d r a i n   l i n e   a n d  

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

and  t h e   c o r r e s p o n d i n g   end   o f  t h e   c y l i n d e r .  



F u r t h e r m o r e ,   t h e   a c t u a t o r   may  be  o f  

t h e  r o t a r y   v a n e   t y p e ,   t he   m o v a b l e   p i s t o n  

member  in  such   an  a r r a n g e m e n t   c o m p r i s i n g   a  

vane   a n g u l a r l y   m o v a b l e   in  a  q u a d r a n t - s h a p e d  

c y l i n d e r   t h r o u g h   an  a r c   of  a p p r o x i m a t e l y   9 0 °  



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

o p e r a t i o n   of  an  a c t u a t o r   c o n s i s t i n g   of  a  

c y l i n d e r   (B)  c o n t a i n i n g   a  p i s t o n   (P)  m o v a b l e  

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

b e i n g   c o n n e c t e d   e a c h   w i t h   an  o p p o s i t e   o u t p u t  

of  a  b i - d i r e c t i o n a l   pump  (C)  t h r o u g h   a  o n e -  

way  p r e s s u r e   c h e c k   v a l v e   (D1,   D2)  p r e v e n t i n g  

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

end  to  s a i d   pump  ( C ) ,   s a i d   s y s t e m   b e i n g  

f u r t h e r   c h a r a c t e r i s e d   in   t h a t   e a c h   end  o f  

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

f l u i d   r e s e r v o i r   (G)  t h r o u g h   a  c h e c k   v a l v e  

(E1 ,   E2)  w h i c h   i s   n o r m a l l y   open   to  p e r m i t  

f l o w   of  f l u i d   f r o m   s a i d   c y l i n d e r   end  to  s a i d  

r e s e r v o i r   (G)  b u t   w h i c h   i s   a d a p t e d   to   c l o s e  

in   r e s p o n s e   to   a  p r e d e t e r m i n e d   i n c r e a s e   i n  

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

p u t   (C1 ,   C2)  and  i t s   o n e - w a y   p r e s s u r e   c h e c k  

v a l v e   ( D , ,   D 2 ) .  

2.  A  f l u i d   s y s t e m   as  c l a i m e d   in  C l a i m   1 ,  

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



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

s a i d   f l u i d  r e s e r v o i r   ( G ) ,   a  f i r s t   c h e c k   v a l v e  

(E1)   in  s a i d   f i r s t   f l u i d   c o n d u i t   and  n o r m a l l y  

open   f o r   f l u i d   f l o w   f rom  s a i d   f i r s t   c y l i n d e r  

end  (B1)  to  s a i d   r e s e r v o i r   ( G ) ,   a  s e c o n d  

f l u i d   c o n d u i t   c o n n e c t i n g   a  f i r s t   pump  o u t p u t  

(C1)  w i t h   s a i d   f i r s t   f l u i d   c o n d u i t ,   a  f i r s t  

o n e - w a y   p r e s s u r e   c h e c k   v a l v e   (D1)  in  s a i d  

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

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

(B1)  to  s a i d   pump,  and  a  t h i r d   f l u i d   c o n d u i t  

c o n n e c t i n g   s a i d   f i r s t   pump  o u t p u t   (C1)  w i t h  

s a i d   f i r s t   c h e c k   v a l v e   (E1)   f o r   c l o s i n g   s a i d  

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

i n c r e a s e   in  p r e s s u r e   in  s a i d   s e c o n d   f l u i d  

c o n d u i t   b e t w e e n   s a i d   f i r s t   pump  o u t p u t   ( C 1 )  

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

( D1 ) . 

3.  A  f l u i d   s y s t e m   as  c l a i m e d   in  C l a i m   2 ,  

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

c o n n e c t i n g   a  s e c o n d   end  (B2)  of  s a i d   c y l i n d e r  



w i t h   s a i d   f l u i d   r e s e r v o i r   ( G ) ,  a   s e c o n d   c h e c k  

v a l v e   (E2)   in   s a i d   f o u r t h   f l u i d  c o n d u i t  a n d  

n o r m a l l y   open   f o r   f l u i d   f l o w   f r o m  s a i d  s e c o n d  

. y l i n d e r   end  (B2)   to  s a i d  r e s e r v o i r   ( G ) ,   a  

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

o p p o s i t e   pump  o u t p u t   (C2)   w i t h  s a i d   f o u r t h  

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

c h e c k   v a l v e   (D2)  in   s a i d   f i f t h  f l u i d   c o n d u i t  

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

s e c o n d  c y l i n d e r   end  (B2)   to  s a i d  p u m p   ( C ) ,   a n d  

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

pump  o u t p u t   (C2)   w i t h   s a i d   s e c o n d   c h e c k   v a l v e  

(E2)   f o r   c l o s i n g   s a i d  c h e c k   v a l v e   in   r e s p o n s e  

to  a  p r e d e t e r m i n e d   i n c r e a s e   in   p r e s s u r e  i n  

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

pump  o u t p u t   (C2)   and  s a i d   s e c o n d   o n e - w a y  

p r e s s u r e   c h e c k   v a l v e .  ( E 2 . ) .  

. 4 .   A  f l u i d   s y s t e m   as  c l a i m e d   in   C l a i m   3 ,  

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

c o n n e c t i n g   s a i d   s e c o n d   pump  o u t p u t   (C2)  w i t h  

s a i d   r e s e r v o i r   ( G ) ,   and  by  a  t h i r d  c h e c k  



v a l v e   (F2 )   in  s a i d   s e v e n t h   f l u i d   c o n d u i t  

f o r   p e r m i t t i n g   s a i d   pump  (C)  to  d raw  f l u i d  

t h r o u g h   s a i d   t h i r d   c h e c k   v a l v e . ( F 2 )   w h e n  

s a i d   pump  (C)  i s   o p e r a t i n g   to  s u p p l y   f l u i d  

to  s a i d   one  c y l i n d e r   end  ( B 1 ) .  

5.  A  f l u i d   s y s t e m   as  c l a i m e d   in   C l a i m   4 ,  

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

c o n n e c t i n g   s a i d   f i r s t   pump  o u t p u t   (C1)  w i t h  

s a i d   r e s e r v o i r   ( G ) ,   and  by  a  f o u r t h   c h e c k  

v a l v e   (F1 )   in  s a i d   e i g h t h   f l u i d   c o n d u i t   f o r  

p e r m i t t i n g   s a i d   pump  (C)  to  d raw  f l u i d  

t h r o u g h   s a i d   f o u r t h   c h e c k   v a l v e   (F1)   w h e n  

s a i d   pump  ( C )  i s   o p e r a t i n g   to  s u p p l y   f l u i d  

to  s a i d   s e c o n d   c y l i n d e r   end  ( B 2 ) .  

6 .  A   f l u i d   s y s t e m   as  c l a i m e d   in  a n y  

one  of  C l a i m s   2  to  5,  c h a r a c t e r i s e d   by  a  

f l o w   c o n t r o l   v a l v e   (A1,   A2)  in  s a i d   f i r s t  

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

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

f l u i d   f l o w   so  as  to  c o n t r o l   the   s p e e d   o f  



o p e r a t i o n   of  t h e   s y s t e m .  

7.   A  f l u i d   s y s t e m   as  c l a i m e d   in   a n y  

one  of   t h e   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d  

in   t h a t   t h e   pump  i s   m a n u a l l y   o p e r a b l e .  

8.  A  f l u i d   s y s t e m   as  c l a i m e d  i n   a n y  

one  of   t h e  p r e c e d i n g   c l a i m s ,   w h e r e i n   e a c h  

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

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

u n i t a r y   v a l v e   s t r u c t u r e .  

9.  An  a c t u a t o r   h a v i n g   a  f l u i d   c o n t r o l  

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

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

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

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

a s   a  v a l v e .  
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