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@  Pneumatic  cylinder  assemblies. 

Disclosed  is  an  apparatus  for  controlling  the  rate  of  flow 
of  hydraulic  fluid  when  used  in  hydraulic  damping  of  a 
pneumatic  piston  (1)  moving  in  its  cylinder  (2),  including  a 
hydraulic  piston  (5)  contained  in  a  cylinder  (30),  the  said 
piston  (5)  being  driven  by  operation  of  the  pneumatic  piston 
(1)  causing  fluid  to  be  displaced  through  a  hydraulic  circuit 
from  one  side  of  the  said  piston  (5)  to  the  other,  said  circuit 
including  a  fluid  flow  control  consisting  of  a  variable  flow 
control  needle  valve  (12)  and  a  low  pressure  governer  (18) 
located  upstream  of  the  said  needle  valve  (12). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  and  a p p a r a t u s   f o r  

c o n t r o l l i n g   the  r a t e   of  f low  of  f l u i d   in  a  h igh   p r e s s u r e  
h y d r a u l i c   f l u i d   c i r c u i t  a n d   is  e s p e c i a l l y   c o n c e r n e d   w i t h  

c o n t r o l l i n g   the  ram  speed   of  a  p i s t o n   in  a  p n e u m a t i c   p i s t o n  
and  c y l i n d e r   a s s e m b l y   i n c o r p o r a t i n g   h y d r a u l i c   d a m p i n g .  

When  i t   is  n e c e s s a r y   to  c o n t r o l   the   r a t e   of  f low  of  f l u i d   i n  

a  h y d r a u l i c   c i r c u i t   the   f l u i d   is  n o r m a l l y   c a u s e d   to  p a s s  
t h r o u g h   an  o r i f i c e   whose  s i z e   may  be  v a r i e d   to  r e g u l a t e   t h e  

f low  r a t e .   A  common  example   is  in  the   use  of  h y d r a u l i c  
damping  to  c o n t r o l   ram  speed ,   t h a t   is  the  speed   of  m o v e m e n t  
of  the  p i s t o n ,   of  a  p n e u m a t i c   c y l i n d e r ;   t h i s   a r r a n g e m e n t   i s  

n e c e s s a r y   b e c a u s e   a i r ,   b e i n g   c o m p r e s s i b l e ,   does  not   a l l o w  

c o n t r o l   by  f low  r e s t r i c t i o n   to  be  a p p l i e d   d i r e c t l y   to  t h e  

p n e u m a t i c   c y l i n d e r .   example   of  such  use  is  d e s c r i b e d   a n d  
i l l u s t r a t e d   in  my  B r i t i s h   p a t e n t   No.  1 , 3 2 0 , 3 3 5 .   In  s u c h  

a p p l i c a t i o n s   the   o p e r a t i o n   of  the  p n e u m a t i c   c y l i n d e r   d r i v e s  
the  h y d r a u l i c   c y l i n d e r ,   d i s p l a c i n g   o i l   from  one  s i de   of  t h e  

h y d r a u l i c   p i s t o n   to  the   o t h e r   s i d e   v i a   an  i n t e r c o n n e c t i n g   c i r c u i t .  
If  a  m e t e r i n g   o r i f i c e   is  l o c a t e d   in  the  c i r c u i t   to  r e s t r i c t   t h e  
o i l   f low,   the  t h r u s t   of  the  p i s t o n   in  a  p n e u m a t i c   p i s t o n   a n d  

c y l i n d e r   a s s e m b l y   c a u s e s   a  b u i l d   up  of  h y d r a u l i c   p r e s s u r e   a n d  
the   r e s u l t i n g   r a t e   of  f low  is   d e p e n d e n t   upon  the  s i z e   of  t h e  
o r i f i c e   and  the   p r e s s u r e   drop  a c r o s s   i t .   If   the  o r i f i c e   s i z e  
is  v a r i a b l e ,   fo r   example   by  e m p l o y i n g   a  n e e d l e   v a l v e ,   the   r a t e  
of  f low  and  t h e r e f o r e   the  rani  speed   of  the  p n e u m a t i c   c y l i n d e r  

may  be  c o n t r o l l e d   as  r e q u i r e d ;   fo r   example   t o  c o n t r o l   the   f e e d  
r a t e   of  a  c u t t i n g   t o o l .  

S ince   r e d u c t i o n   in  s i z e   n o r m a l l y   p e r m i t s   w ide r   use  of  e q u i p m e n t ,  
the  n a t u r a l   d e v e l o p m e n t   in  h y d r a u l i c   s y s t e m s   is  t owards   a  
r e d u c t i o n   in  the  s i z e   of  c o m p o n e n t s .   The  c o n s e q u e n t   r e d u c t i o n  
in  the   s u r f a c e   a r e a s   of  the   p i s t o n s   employed   in  the  p i s t o n   a n d  

c y l i n d e r   a s s e m b l i e s   a u t o m a t i c a l l y   l e a d s   to  the   use  of  h i g h e r  

h y d r a u l i c   p r e s s u r e s   to  o p e r a t e   the  r e q u i r e d   f o r c e s ,   a n d  



p r e s s u r e s   of  the   o r d e r   of  100  k g / s q   cm  are   not   uncommon.  I n  

o r d e r   to  a c h i e v e   low  f low  r a t e s   in  the  h y d r a u l i c   c i r c u i t ,  
and  t h e r e f o r e   low  ram  speeds   of  the  p n e u m a t i c   p i s t o n ,   at  t h e s e  

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

must  be  r e d u c e d   to  the   same  o r d e r   as  the  s i z e   of  p a r t i c l e s  
n o r m a l l y   p r e s e n t   in  c o m m e r c i a l l y   a v a i l a b l e   f i n e   g r a d e s   o f  

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

may  have  a  d i a m e t e r   of  l e s s   than  5  m i c r o n s ,   c o l l e c t   at   t h e  
o r i f i c e   c a u s i n g   s i l t i n g   and  r e s u l t i n g   in  i n t e r m i t e n t   a n d  
e r r a t i c   f low  r a t e .   Thus  the  ram  speed   of  the   p n e u m a t i c  
c y l i n d e r   may  be  c a u s e d   to  slow  down  p r o g r e s s i v e l y   a l ong   i t s  
s t r o k e   and  t h e r e   cou ld   even  be  a  t o t a l   l o s s   of  p n e u m a t i c  
p i s t o n   m o v e m e n t .  F u r t h e r m o r e   w i t h  t h e  h i g h   p r e s s u r e s   a p p l i e d  
at   the  c o n t r o l   o r i f i c e ,   c o n t r o l   is  e x t r e m e l y   s e n s i t i v e   a n d  
sma l l   a d j u s t m e n t s   of  o r i f i c e   s i z e   r e s u l t   in  l a r g e   changes   i n  
f low  r a t e .  

I  have  now  found  t h a t   t h i s   p r o b l e m   may  be  a m e l i o r a t e d   by  p l a c i n g  
a  p r e s s u r e   r e d u c i n g   v a l v e   i . e .   a  low  p r e s s u r e   g o v e r n e r ,   i n t o  
the  h y d r a u l i c   c i r c u i t   u p s t r e a m   of  the  f low  c o n t r o l   o r i f i c e   t o  
drop  the  p r e s s u r e   to  a  c o n t r o l l e d   low  p r e s s u r e ,   t y p i c a l l y  
a b o u t  7   k g / s q   cm.  When  low  p r e s s u r e s   of  t h i s   o r d e r   a r e  
a p p l i e d   to  the   f low  c o n t r o l   o r i f i c e ,   t h e  l o w   f low  r a t e s   r e q u i r e d  
to  p r o d u c e   low  ram  s p e e d s   are  o b t a i n e d   a t   o r i f i c e   o p e n i n g   w i d e  

enough  to  avo id   the   d a n g e r   of  s i l t i n g   and  the   c o n t r o l   r e s p o n s e s  
a l s o   l e s s   s e n s i t i v e  t o   a d j u s t m e n t s   of  o r i f i c e   s i z e .  T h u s   t h e  

i n c o r p o r a t i o n   of  a  low  p r e s s u r e   g o v e r n e r   e n a b l e s   low  f low  r a t e s  
to  be  s e l e c t e d ,   m a i n t a i n e d   c o n s i s t e n t l y   and  f i n e   a d j u s t m e n t   t o  
f low  r a t e s   made  w i t h o u t   the  need  fo r   m i n u t e   a d j u s t m e n t s   o f  
o r i f i c e   s e t t i n g s .   I t   is   h i g h l y   d e s i r a b l e   t h a t   t h e  l o w   p r e s s u r e  
g o v e r n e r   be  of  a  d e s i g n   such  t h a t   the   c o n t r o l l e d   p r e s s u r e   i s  
s u b s t a n t i a l l y   i n d e p e n d e n t   of  c h a n g e s   in  a p p l i e d   p r e s s u r e   a n d  
demanded  f low  r a t e s .   F u r t h e r m o r e ,   s i n c e   t h i s   g o v e r n e r   m u s t  
a l s o   pass   the  o i l   t h r o u g h   a  f i n e   r e s t r i c t i o n   in  o r d e r   to  r e d u c e  
the   p r e s s u r e ,   i t   s h o u l d   a l s o   a u t o m a t i c a l l y   c l e a r   i t s e l f   of  a n y  
s i l t i n g .  



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

h y d r a u l i c   damping,   the  h y d r a u l i c   p i s t o n   has  a  p i s t o n   rod  on  

one  s i d e   and  not  on  the  o t h e r   and  t h e r e f o r e   a  h y d r a u l i c   f l u i d  

r e s e r v o i r   must  be  a v a i l a b l e   to  a c c e p t   the  d i f f e r e n c e   in  v o l u m e  

on  t h e  r e t r a c t i o n   s t r o k e   and  to  r e t u r n   i t   on  the  e x t e n s i o n  

s t r o k e .   In  o r d e r   t h a t   the   h y d r a u l i c   f l u i d   from  the   r e s e r v o i r  

may  be  r e t u r n e d   to  the  c y l i n d e r ,   the   r e s e r v o i r   must  b e  

p r e s s u r i s e d ,   for   example   by  a  p i s t o n   w i t h   s p r i n g   l o a d i n g   o r  
by  the  a p p l i c a t i o n   of  e x t e r n a l   p r e s s u r e   such  as  a  c o m p r e s s e d  
a i r   s u p p l y .   S ince   t h i s   r e s e r v o i r   p r e s s u r e   is  p r e s e n t   as  a  
back  p r e s s u r e   on  the  d o w n s t r e a m   s i d e   of  the  c o n t r o l   o r i f i c e ,  
i t   can  be  used  to  s i g n i f i c a n t l y   r e d u c e   the  p r e s s u r e   d r o p  
a c r o s s   the   c o n t r o l   o r i f i c e   thus   a s s i s t i n g   in  m a i n t a i n i n g   l o w  

a n d  c o n s i s t e n t   f low  r a t e s   w i t h i n   the   h y d r a u l i c   c i r c u i t .  

From  one  a s p e c t ,   t h e r e f o r e ,   the   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  
method  fo r   c o n t r o l l i n g   the   r a t e   of  f low  of  h y d r a u l i c   f l u i d   i n  

a  h igh   p r e s s u r e   h y d r a u l i c   f l u i d   c i r c u i t   in  which  h y d r a u l i c  
f l u i d   under   h igh   p r e s s u r e   is  c a u s e d   to  pass   t h r o u g h   a  v a r i a b l e  

f low  c o n t r o l   o r i f i c e   to  a  h y d r a u l i c   f l u i d   r e s e r v o i r   c o n t a i n e d  
in  the  c i r c u i t   w h e r e i n   the  h y d r a u l i c   f l u i d   under   p r e s s u r e   i s  
f i r s t   c a u s e d   to  pass   t h r o u g h   a  low  p r e s s u r e   g o v e r n e r   w h e r e b y  
the  p r e s s u r e   d r o p  a c r o s s   the  s a i d   f low  c o n t r o l   o r i f i c e   i s  
r e d u c e d   e n a b l i n g   more  a c c u r a t e   c o n t r o l   of  the  r a t e   of  f low  o f  
f l u i d   t h r o u g h   s a i d   o r i f i c e .  

From  a n o t h e r   a s p e c t   the  i n v e n t i o n   p r o v i d e s   a  p n e u m a t i c   p i s t o n  
and  c y l i n d e r   a s s e m b l y   i n c l u d i n g   means  for   c o n t r o l l i n g   t h e  
ram  speed   of  the  p i s t o n   w h e r e i n   s a i d   means  c o m p r i s e s   a  
h y d r a u l i c   p i s t o n   and  c y l i n d e r   a s s e m b l y   the  h y d r a u l i c  
p i s t o n   b e i n g   d r i v e n   by  the  o p e r a t i o n   of  the  p n e u m a t i c   p i s t o n  
c a u s i n g   h y d r a u l i c   f l u i d   to  be  d i s p l a c e d   from  one  s i d e   of  t h e  
s a i d   h y d r a u l i c   p i s t o n   to  the  o t h e r   s i de   t h e r e o f   v i a   a n  

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

i n c l u d i n g   f low  c o n t r o l l i n g   means  fo r   c o n t r o l l i n g   the  r a t e   o f  

f low  of  h y d r a u l i c   f l u i d ,  t h e r e i n   whereby   the  ram  speed   of  t h e  

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



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

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

o r i f i c e ,   which  r e s e r v o i r   is  m a i n t a i n e d   under   c o n s t a n t   p r e s s u r e .  

The  low  p r e s s u r e   g o v e r n e r   may  c o m p r i s e   a  chamber   h a v i n g   a n  
i n l e t   and  o u t l e t   fo r   the   h y d r a u l i c   f l u i d   and  i n c l u d i n g   a  
movable   wa l l   c o n n e c t e d   to  means  fo r   c o n t r o l l i n g   the   f low  o f  
f l u i d   i n t o   the  s a i d   chamber   in  r e s p o n s e   to  a  movement  of  s a i d  
w a l l   r e s u l t i n g   from  an  i n c r e a s e   in  h y d r a u l i c   p r e s s u r e  o n   t h e  
o u t l e t   s i d e   of  s a i d   c h a m b e r .  

The  above  m e n t i o n e d   chamber   may  be  formed  from  a  c y l i n d e r  
i n c o r p o r a t i n g   a  p i s t o n   and  a s s o c i a t e d   p i s t o n   rod  movable   t h e r e i n  
s a i d   p i s t o n   and  p i s t o n   rod  h a v i n g   c o a x i a l   p a s s a g e w a y s  
e x t e n d i n g   t h e r e t h r o u g h ,   the  f r e e   end  of  the   p i s t o n   rod  f o r m i n g  

one  v a l v e   s e a t   in  a  v a l v e   means  h a v i n g   two  c o - o p e r a t i n g  
v a l v e   s e a t s   fo r   c o n t r o l l i n g   the  f low  of  h y d r a u l i c   f l u i d   i n t o  
s a i d   c y l i n d e r   a n d  f r e e   end  b e i n g   u rged   away  from  the  c o - o p e r a t i n g  
v a l v e   s e a t   by  r e s i l i e n t   means  a c t i n g   a g a i n s t   s a i d   p i s t o n . .  

An  a p p a r a t u s   e m p l o y i n g   one  embodiment   of  the   i n v e n t i o n   w i l l   now 
b e  d e s c r i b e d   by  way  of  example   on ly   w i th   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   which  is  a  d i a g r a m m a t i c   c r o s s - s e c t i o n a l  
view  t h r o u g h   a  p o r t i o n   of  the  p n e u m a t i c   c y l i n d e r   a s s e m b l y   a n d  

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

A  p n e u m a t i c   c y l i n d e r   1  has  a  p i s t o n   2  which  s l i d e s   w i t h i n  

c y l i n d e r   1  and  is   s e a l e d   by  means  of  s e a l   3.  The  p i s t o n   2 
is  c a r r i e d   on  a  p i s t o n   rod  4  which  is  f r e e   to  s l i d e   w i t h i n   t h e  
end  p i e c e   of  the   a s s e m b l y   (not   shown) .   One  end  of  the   a s s e m b l y  
is  s e a l e d   by  a  c l o s u r e   b l o c k   8 .  

A  h y d r a u l i c   damping  c y l i n d e r   a s s e m b l y   is  p r o v i d e d   w i t h i n   c y l i n d e r  

1,  the   c y l i n d e r   30  b e i n g   formed  w i t h i n  



the   p n e u m a t i c   p i s t o n   rod  4.  A  p i s t o n   5  is   c a r r i e d   by  t h e  

h y d r a u l i c   p i s t o n   rod  6  and  s l i d e s   w i t h i n   the  c y l i n d e r   30  a n d  

is  s e a l e d   a g a i n s t   the  c y l i n d e r   30  by  means  not   shown,  t o  

p r o v i d e   chambers   41  and  42  on  e i t h e r   s i d e   of  s a i d   p i s t o n .  

P i s t o n   2  is  s e a l e d   a g a i n s t   rod  6  by  means  of  the  s e a l i n g   r i n g  
7 .  

The  r i g h t   hand  end  of  the  c y l i n d e r   a s s e m b l y   1  is  c l o s e d   b y  
c l o s u r e   means  3  in  which  one  end  of  the  p i s t o n   rod  6  is   s e c u r e d .  

A  h y d r a u l i c   f l u i d   bore   16  runs   the  l e n g t h   of  the   p i s t o n   rod  6 

from  an  i n l e t   33  on  the  r i g h t   hand  s i de   of  p i s t o n   5  to  a  c h a m b e r  

32  in  the  c l o s u r e   b l o c k   8 .  

A  p a s s a g e w a y   17  c o n n e c t s   chamber   32  wi th   a  p r e s s u r e   g o v e r n e r  
g e n e r a l l y   i n d i c a t e d   at  18,  v i a   i n l e t   1 9 .  

A  h y d r a u l i c  b o r e   p a s s e s   the  l e n g t h   of  rod  6  from  an  o u t l e t   34  

p o s i t i o n e d   at   the   f r o n t   of  the   p i s t o n   rod  and  to  the   l e f t   o f  

p i s t o n   5  the  o t h e r   end  c o m m u n i c a t i n g   wi th   an  a n n u l a r   p a s s a g e -  

way  10,  c o n t a i n e d   in  c l o s u r e   b l o c k   8,  which  is  i n t e r c o n n e c t e d  
v ia   p a s s a g e w a y   11  w i th   the  o u t l e t   s i d e   of  a  f low  c o n t r o l  

v a l v e   1 2 .  

The  f low  c o n t r o l   v a l v e   12  c o m p r i s e s   a  c o n i c a l   v a l v e   s e a t   13  w i t h  

which  c o - o p e r a t e s   a  n e e d l e   v a l v e   14  a d j u s t a b l e   by  means  o f  

the  k n u r l e d   knob  1 5 .  

P r e s s u r e   g o v e r n e r   18  c o m p r i s e s   a  c y l i n d r i c a l   chamber   35  w h i c h  

c a r r i e s   a  h o l l o w   p i s t o n   22  h a v i n g   an  end  f a c e   27,  and  which  i s  

s e a l e d   a g a i n s t   the  c y l i n d e r   35  by  s e a l i n g   r i n g   23,  and  a  f r e e  

end  40.  The  a s s o c i a t e d   p i s t o n   rod  36  is  f r e e l y   movable   w i t h i n  

t h e  a n n u l a r   r i n g   24  a g a i n s t   which  i t   is  s e a l e d   by  a  r u b b e r   r i n g  
(not   shown) .   The  p i s t o n   22  and  p i s t o n   rod  36  c o n t a i n   a n  
a x i a l   h o l l o w   space   37  r u n n i n g   the  f u l l   l e n g t h   t h e r e o f ,   t h e  

r i g h t   hand  end  of  the  p a s s a g e w a y   37  c o m m u n i c a t i n g   w i th   t h e  



space   28  b e t w e e n  t h e   end  f ace   27  of  the  p i s t o n   22  and  t h e  

end  wa l l   of  the   c y l i n d e r   35.  O u t l e t   20  c o m m u n i c a t e s   w i t h  

space   23  and  v i a   the   p a s s a g e   21,  wi th   the  i n l e t   s i d e   of  t h e  
f low  c o n t r o l   v a l v e   12.  The  o p p o s i t e   end  of  the  a x i a l  

p a s s a g e w a y   37  c o m m u n i c a t e s   w i th   i n l e t  1 9   v i a   the  a n n u l a r  

space   33.  A  r u b b e r   s e a l   26  is  f i x e d   to  the  end  wa l l   of  t h e  

c y l i n d e r   35  o p p o s i t e   the  f r e e   end  40  of  the  p i s t o n   rod  3 6 .  
%  c o i l   s p r i n g   25  is  p o s i t i o n e d   be tween   the  a n n u l a r   r i n g   24 

c a r r y i n g   the  p i s t o n   rod  36  and  p i s t o n   22  to  n o r m a l l y   m a i n t a i n  

a  gap  39  be tween   the  f r e e   end  of  the  p i s t o n   rod  36  and  t h e  
s e a l   2 6 .  

In  o p e r a t i o n   a i r   is   f o r c e d   i n t o   the  space   31  in  c y l i n d e r   1  b y  
means  not   shown  and  c a u s e s   p i s t o n   2  and  a s s o c i a t e d   p i s t o n   r o d  
4  t o  m o v e   to  the  l e f t .   H y d r a u l i c   f l u i d   on  the   r i g h t   hand  o f  
p i s t o n   5  is  t hen   f o r c e d   i n t o   u n i t   33  and  t h r o u g h   p a s s a g e w a y  
16  in  p i s t o n   rod  6  i n t o   the  space   32  and  then   v i a   p a s s a g e w a y  
17  and  i n l e t   19  i n t o   the  p r e s s u r e   g o v e r n e r   18.  The  h y d r a u l i c  
f l u i d   f lows   t h r o u g h   p a s s a g e w a y   37  in  p i s t o n   rod  36  and  p i s t o n  
22  i n t o   space   28  and  out  of  p r e s s u r e   g o v e r n e r   v i a   o u t l e t   20 
and  v i a   p a s s a g e   21  i n t o   the  i n l e t   s i d e   of  the   f low  c o n t r o l  
v a l v e   1 2 .  

Because   i t s   end  a r e a   is  ve ry   s m a l l ,   the  f o r c e   a p p l i e d   to  t h e  
f r e e   end  of  p i s t o n   rod   36  by  the  h igh   p r e s s u r e   at  i n l e t   19  i s  
s m a l l .   C o n s e q u e n t l y ,   the  p r e s s u r e   i n c r e a s i n g   in  the  space   28 
b u i l d s   up  the  f o r c e   on  f a c e   27  of  p i s t o n   22,  u n t i l   i t   o v e r -  
comes  the  o p p o s i n g   f o r c e   of  the   s p r i n g   25,  t h e r e b y   f o r c i n g   t h e  

p i s t o n   22  and  p i s t o n   rod  36  to  the  l e f t   u n t i l   the   f r e e   end  o f  

p i s t o n   rod  36  c o n t a c t s   the  s e a l   26  and  h a l t s   the  f low  o f  

h y d r a u l i c   f l u i d .   The  c o n t r o l   p r e s s u r e   in  the  space   28  and  a t  
the  o u t l e t   20  of  the   p r e s s u r e   g o v e r n o r   is  t h e r e f o r e   d e t e r m i n e d  

by  the  f o r c e   of  c o i l   s p r i n g   25.  In  p r a c t i c e   the  p i s t o n   22 
and  a s s o c i a t e d   rod  36  w i l l   n o r m a l l y   t ake   up  a  p o s i t i o n   w i t h i n  

c y l i n d e r   35  which  w i l l   va ry   a c c o r d i n g   to  any  changes   i n  



p r e s s u r e   on  e i t h e r   the  i n p u t   or  o u t p u t   s i d e s   of  the  g o v e r n o r   18 

to  g ive   a  s t a b l e   o u t p u t   p r e s s u r e .   In  t h i s   c o n d i t i o n ,   the  b u l k  

of  the  h y d r a u l i c   p r e s s u r e   a v a i l a b l e   in  the  h y d r a u l i c   c i r c u i t  
is  d r o p p e d   a c r o s s  t h e   n a r r o w   space   be tween   the  f r e e   end  o f  

p i s t o n   rod  36  and  the  s e a l   26  l e a v i n g   only  the  low  c o n t r o l l e d  

o u t p u t   p r e s s u r e   ( t y p i c a l l y   7  k g / s q   cm)  to  be  d ropped   a c r o s s  
the  f low  c o n t r o l   v a l v e   12.  Should   s i l t i n g   occur   a t  t h e   n a r r o w  

space   at   the  f r e e   end  of  p i s t o n   rod  36,  the  p r e s s u r e   in  t h e  
o u t l e t   space   28  must  f a l l ,   c a u s i n g   the  s p r i n g   25  to  move  t h e  

p i s t o n   22  and  p i s t o n   rod  36  to  t h e  r i g h t ,   i n c r e a s i n g   the  gap  a t  
the  f r e e   end  of  p i s t o n   rod  36  and  a u t o m a t i c a l l y   c l e a r i n g   t h e  

s i l t i n g .  

In  t h i s   a p p a r a t u s   the  h y d r a u l i c   f l u i d   r e s e r v o i r   41  is  formed.  b y  
the  chamber  in  the  c y l i n d e r   30  on  the  l e f t   hand  s i d e   of  p i s t o n  
5  and  is  p r e s s u r i s e d   by  means  of  a  s p r i n g   l o a d e d   p i s t o n  
l o c a t e d   at  the   end  of  the  s a i d   chamber  or  by  an  e x t e r n a l   s u p p l y  
of  c o m p r e s s e d   a i r   as  d e s c r i b e d   in  p a t e n t   No.  1 , 3 2 0 , 3 3 5 .  



1.  A  method  fo r   c o n t r o l l i n g   the  r a t e   of  f low  of  h y d r a u l i c  
f l u i d   in  a  h igh   p r e s s u r e   h y d r a u l i c   f l u i d   c i r c u i t   in  w h i c h  

h y d r a u l i c   f l u i d   under   h igh   p r e s s u r e   is  c a u s e d   to  pass   t h r o u g h  
a  v a r i a b l e   f low  c o n t r o l   o r i f i c e   to  a  h y d r a u l i c   f l u i d   r e s e r v o i r  

c o n t a i n e d   in  the  c i r c u i t ,   c h a r a c t e r i s e d   in  t h a t   the   h y d r a u l i c  
f l u i d   under   p r e s s u r e   is  f i r s t   c a u s e d   to  pas s   t h r o u g h   a  l o w  

p r e s s u r e   g o v e r n e r   whereby   the  p r e s s u r e   drop  a c r o s s   the  s a i d  
f low  c o n t r o l   o r i f i c e   is   r e d u c e d   e n a b l i n g   more  a c c u r a t e   c o n t r o l  
of  the  r a t e   of  f low  of  f l u i d   t h r o u g h   s a i d   o r i f i c e .  

2.  A  p n e u m a t i c   p i s t o n   and  c y l i n d e r   a s s e m b l y   (1 ,2 )   c h a r a c t e r i s e d  
in  t h a t   i t   i n c l u d e s   a  h y d r a u l i c   p i s t o n  ( 5 )   and  c y l i n d e r   a s s e m b l y  
(30)  fo r   c o n t r o l l i n g   the   ram  speed   of  the  p n e u m a t i c   p i s t o n   ( 1 ) ,  
the  h y d r a u l i c   p i s t o n   (5)  b e i n g   d r i v e n   by  the  o p e r a t i o n   of  t h e  

p n e u m a t i c   p i s t o n   (1)  c a u s i n g   h y d r a u l i c   f l u i d   to  be  d i s p l a c e d  
from  one  s i d e   of  the  s a i d   h y d r a u l i c   p i s t o n   (5)  to  the  o t h e r  
s i d e   t h e r e o f  v i a   an  i n t e r c o n n e c t i n g   h y d r a u l i c   c i r c u i t ,   s a i d  

h y d r a u l i c   c i r c u i t   i n c l u d i n g   f low  c o n t r o l l i n g   means  for   c o n t r o l l i n g  
the  r a t e   of  f low  of  h y d r a u l i c   f l u i d   t h e r e i n   whereby   the  ram  s p e e d  
of  the  p n e u m a t i c   p i s t o n   ( 1 )  i s   c o n t r o l l e d ,   s a i d   f low  c o n t r o l l i n g  

means  i n c l u d i n g   in  s a i d   h y d r a u l i c   c i r c u i t   a  v a r i a b l e   f low  c o n t r o l  
o r i f i c e   (13)  and  a  low  p r e s s u r e   g o v e r n e r   (18)  l o c a t e d   u p s t r e a m  
of  s a i d   o r i f i c e ,   s a i d   h y d r a u l i c   c i r c u i t   f u r t h e r   i n c l u d i n g  a  

h y d r a u l i c   f l u i d   r e s e r v o i r   (40)  m a i n t a i n e d  u n d e r   c o n s t a n t   p r e s s u r e  
and  l o c a t e d   d o w n s t r e a m   of  s a i d   v a r i a b l e   f low  o r i f i c e   ( 1 2 ) .  

3.  An  a s s e m b l y   a c c o r d i n g   to  c l a i m   2  c h a r a c t e r i s e d  i n   t h a t   t h e  

v a r i a b l e   f low  c o n t r o l   o r i f i c e   (13)  i s  a   n e e d l e   v a l v e   ( 1 2 ) .  

4.  An  a s s e m b l y   a c c o r d i n g   to  c l a i m   2  or  c l a i m   3  c h a r a c t e r i s e d  

in  t h a t   the  low  p r e s s u r e   g o v e r n o r   ( 1 8 )  c o m p r i s e s   a  c h a m b e r  ( 3 5 )  

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

a  movable  wa l l   (22)  c o n n e c t e d   to  t h e  m e a n s   ( 2 5 , 2 6 , 4 0 )   f o r  

c o n t r o l l i n g   the  f l o w  o f   f l u i d   i n t o   the  s a i d   chamber   in  r e s p o n s e  



t o  a   movement  of  s a i d   wa l l   r e s u l t i n g   from  an  i n c r e a s e   i n  

h y d r a u l i c   p r e s s u r e   on  the  o u t l e t   s i d e   of  s a i d   chamber  ( 3 5 ) .  

5.  An  a s s e m b l y   a c c o r d i n g   to  c l a i m   4  c h a r a c t e r i s e d   in  t h a t  
s a i d   chamber   is  a  c y l i n d e r   (35)  i n c o r p o r a t i n g   a  p i s t o n   ( 2 2 )  
and  a s s o c i a t e d   p i s t o n   rod  (36)  movable   t h e r e i n ,   s a i d   p i s t o n  
(22)  and  p i s t o n   r o d ( 3 6 )   h a v i n g   c o a x i a l   p a s s a g e w a y s   ( 3 7 )  

e x t e n d i n g   t h e r e t h r o u g h ,   the  f r e e   end  (40)  of  the  p i s t o n   r o d  

f o r m i n g   one  v a l v e   s e a t   in  a  v a l v e   means  h a v i n g   two  c o - o p e r a t i n g  
v a l v e   s e a t s   ( 4 0 , 2 6 )   fo r   c o n t r o l l i n g   the  f low  of  h y d r a u l i c  
f l u i d   i n t o   s a i d   c y l i n d e r   s a i d   f r e e   end  (40)  b e i n g   u rged   away 
from  the  c o - o p e r a t i n g   v a l v e   s e a t   by  r e s i l i e n t   means  (25)  a c t i n g  
a g a i n s t   s a i d   p i s t o n .  

6.  A  p n e u m a t i c   p i s t o n   and  c y l i n d e r   a s s e m b l y   a c c o r d i n g   to  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   in  t h a t   the  s a i d   a s s e m b l y  
c o m p r i s e s   a  p n e u m a t i c   c y l i n d e r   (2) ,   a  p n e u m a t i c   p i s t o n   (1)  a n d  

p i s t o n   rod  (4)  s l i d a b l e   t h e r e i n ;   a  h y d r a u l i c   c y l i n d e r  
a s s e m b l y   i n t e r c o n n e c t e d   wi th   s a i d   p n e u m a t i c   c y l i n d e r   a s s e m b l y  
and  i n c l u d i n g   a  h y d r a u l i c   p i s t o n   (5)  and  p i s t o n   rod  ( 6 )  
s l i d a b l e   t h e r e i n ,   s a i d   h y d r a u l i c   p i s t o n   (5)  p r o v i d i n g   o n  
o p p o s i t e   s i d e s   t h e r e o f ,   f i r s t   and  second   chambers   ( 4 1 , 4 2 )  
w i t h i n   s a i d   h y d r a u l i c   c y l i n d e r   (30) ;   a  h y d r a u l i c   c i r c u i t   i n t e r -  

c o n n e c t i n g   s a i d   f i r s t   and  second   chambers   ( 4 1 , 4 2 )   in  t h e  

h y d r a u l i c   c y l i n d e r   (30) ;   a  v a r i a b l e   f low  c o n t r o l   v a l v e   ( 1 2 )  
l o c a t e d   in  s a i d   h y d r a u l i c   c i r c u i t   be tween   s a i d   f i r s t   and  s e c o n d  
chambers   ( 4 1 , 4 2 )   and  a  low  p r e s s u r e   g o v e r n e r   (18)  l o c a t e d   i n  
s a i d   h y d r a u l i c   c i r c u i t   in  s e r i e s   w i th   s a i d   f low  c o n t r o l   v a l v e  
(12)  and  one  of  s a i d   f i r s t   and  s econd   chambers   ( 4 1 , 4 2 )   in  s a i d  

h y d r a u l i c   c y l i n d e r   ( 3 0 ) .  

7.  An  a s s e m b l y   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   2  to  6  c h a r a c -  
t e r i s e d   in  t h a t   the   h y d r a u l i c   p i s t o n   and  c y l i n d e r   a s s e m b l y   i s  
l o c a t e d   w i t h i n   the  p n e u m a t i c   p i s t o n   rod  (4) ,   the  c y l i n d e r   ( 3 0 )  

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

by  the  s a i d   p n e u m a t i c   p i s t o n   rod  ( 4 ) .  



8.  An  a s s e m b l y   a c c o r d i n g   to  any  one  of  c l a i m s   2  to  7  c h a r a c -  

t e r i s e d   in  t h a t   the  h y d r a u l i c   f l u i d   r e s e r v o i r   is   p r e s s u r i s e d  

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

9.  An  a s s e m b l y   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   2  to  7  c h a r c -  

t e r i s e d   in  t h a t   the  h y d r a u l i c  f l u i d  r e s e r v o i r   is  p r e s s u r i s e d  

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

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