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©  Fluid  actuated  ram  assembly. 
(57)  A  fluid  actuated  ram  assembly  (10)  including  a  cylindric- 
al  barrel  (19)  and  a  rear  end  cap  (18)  attached  to  a  rear  end  of 
the  cylindrical  barrel,.  A  piston  (27)  is  located  within  the 
cylindrical  barrel  (19)  and  both  the  piston  (27)  and  the 
cylindrical  barrel  (19)  are  adapted  for  relative  movement  with 
respect  to  each  other.  There  is  also  provided  a  piston  rod  (23) 
having  a  piston  (27)  attached  to  one  end  portion  thereof. 
There  is  also  provided  a  bearing  member  or  guide  bush  (44) 
located  adjacent  to  the  piston  (27)  which  has  a  central 
aperture  (53A)  for  the  piston  rod  (23)  and  also  one  or  more 
longitudinal  passages  (45)  communicating  with  the  piston 
(27). 

There  is  also  provided  a  front  end  cap  releasably 
*™  attached  to  the  cylindrical  barrel  (19)  which  has  a  fluid  port 
^   (36)  communicating  with  said  one  or  more  longitudinal 

passages  (45)  of  the  bearing  member  or  guide  bush(44). 
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  A  fluid  actuated  ram  assembly  (10)  including  a  cyiindric- 
al  barrel  (19)  and  a  rear  end  cap  (18)  attached  to  a  rear  end  of 
the  cylindrical  barrel.  A  piston  (27)  is  located  within  the 
cylindrical  barrel  (19)  and  both  the  piston  (27)  and  the 
cylindrical  barrel  (19)  are  adapted  for  relative  movement  with 
respect  to  each  other.  There  is  also  provided  a  piston  rod  (23) 
having  a  piston  (27)  attached  to  one  end  portion  thereof. 
There  is  also  provided  a  bearing  member  or  guide  bush  (44) 
located  adjacent  to  the  piston  (27)  which  has  a  central 
aperture  (53A)  for  the  piston  rod  (23)  and  also  one  or  more 
longitudinal  passages  (45)  communicating  with  the  piston 
(27). 

There  is  also  provided  a  front  end  cap  releasably 
attached  to  the  cylindrical  barrel  (19)  which  has  a  fluid  port 
(36)  communicating  with  said  one  or  more  longitudinal 
passages  (45)  of  the  bearing  member  or  guide  bush(44). 





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

a s s e m b l y .  

C o n v e n t i o n a l   f l u i d   a c t u a t e d   ram  a s s e m b l i e s   i n c l u d e  

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

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

t h e   c y l i n d e r .   U s u a l l y   one  end  cap  or   f r o n t   end  c a p   i s  

r e m o v a b l y   or   s c r e w   t h r e a d e d l y   e n g a g e a b l e   w i t h   an  a d j a c e n t  

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

and  p i s t o n   r o d   a s s e m b l y ' f o r   m a i n t e n a n c e   p u r p o s e s   i n   r e l a t i o n  

to  r e p l a c e m e n t   of   s e a l s   f o r   e x a m p l e .   N o r m a l l y   t h e   o t h e r  

end  cap   o r   r e a r .  e n d   cap   i s   w e l d e d   to   t h e   c y l i n d e r .   U s u a l l y  

t h e r e   was  p r o v i d e d   a  r e a r   p o r t   w e l d e d   o r   o t h e r w i s e   a t t a c h e d  

to   t h e   c y l i n d e r   b o d y   a d j a c e n t   t h e   r e a r   end  c ap   and   a  f r o n t  

p o r t   w e l d e d   or   o t h e r w i s e   a t t a c h e d   to   t h e   c y l i n d e r   a d j a c e n t  

t h e   f r o n t   end  c a p .   T h e r e   was  a l s o   i n c l u d e d   an  O - r i n g   o r  

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

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

an  e x t e r n a l   s u r f a c e   of  t h e   b e a r i n g   or   g u i d e   b u s h   f o r  
t h e   p i s t o n   r o d .  

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

w h i c h   f r e q u e n t l y   o c c u r r e d   were   t h e   c o r r o s i o n   of  t h e   a b o v e -  

m e n t i o n e d   O - r i n g   l o c a t e d   in   t h e   p i s t o n   r o d   g u i d e   b u s h   as  w e l l  

as  t h e   p r o b l e m   of   l e a k a g e   o c c u r r i n g   p a s t   t h i s   O - r i n g   when  

t h e   c y l i n d e r   may  m o m e n t a r i l y   b u l g e   in   t h e   m i d d l e   d u e   to  a  

" h i g h   t r a n s i e n t   s h o c k "   w h e r e   p r e s s u r e s   of   8 0 0 0 - 1 0 0 0 0   p s i  

c o u l d   be  e n c o u n t e r e d .  

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

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

" l i f t - o f f "   a r e a s   or   p r e s s u r e   a r e a s   b e t w e e n   t h e   p i s t o n   a n d  

t h e   p i s t o n   r o d   s u p p o r t   bush   a n d / o r   t h e   r e a r   end  c a p -  

I t   was  a l s o   t h e   c a s e   t h a t   s i n c e   b o t h   t h e   r e a r   p o r t  

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

to  a l i g n   t h e   l o c a t i o n   of  one  p o r t   r e l a t i v e   t o   t h e   o t h e r .  

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

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

end  cap  f o r   m a i n t e n a n c e   p u r p o s e s   in   r e l a t i o n   t o   r e p l a c e m e n t  



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

O - r i n g   was  d i s a d v a n t a g e o u s   in   t h a t   o f t e n   i t   was  c o n t a c t e d  

by  an  e x p o s e d   t h r e a d   s u r f a c e   t h e r e b y   d a m a g i n g   t h e   O - r i n g .  

An  o b j e c t   of  t h e   i n v e n t i o n   i s   t h e r e f o r e   to   p r o v i d e  

a  f l u i d   a c t u a t e d   ram  a s s e m b l y   w h i c h   may  a l l e v i a t e   one  o r  

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

t h e   p r i o r   a r t .  

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

ram  a s s e m b l y   i n c l u d i n g :  

a  c y l i n d r i c a l   b a r r e l ;  

a  r e a r  e n d   cap   a t t a c h e d   to  a  r e a r   end  of  t h e  

c y l i n d r i c a l   b a r r e l ;  

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

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

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

a  p i s t o n   rod   h a v i n g   t h e   p i s t o n   a t t a c h e d   a t   one  e n d  

p o r t i o n   t h e r e o f ;  

a  b e a r i n g   member   or  g u i d e   bush   l o c a t e d   a d j a c e n t   t o  

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

and  a l s o   h a v i n g   one  or   more   l o n g i t u d i n a l   p a s s a g e s   c o m m u n i c a t -  

ing  w i t h   s a i d   p i s t o n ;   a n d  

a  f r o n t   end  cap   r e l e a s a b l y   a t t a c h e d   t o   t h e   c y l i n d r i c a l  

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

or  more   l o n g i t u d i n a l   p a s s a g e s o f   t he   b e a r i n g   member   o r  

g u i d e   b u s h .  

The  c y l i n d r i c a l   b a r r e l   may  be  m o v a b l e   r e l a t i v e   t o  

t h e   p i s t o n   b u t   more  p r e f e r a b l y   the   p i s t o n   i s   m o v a b l e   r e l a t i v e  

to  t h e   c y l i n d e r .   The  ram  a s s e m b l y   of  t h e   i n v e n t i o n   may  b e  

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

a c t u a t e d .  

P r e f e r a b l y   a  f l u i d   a c t u a t e d   ram  a s s e m b l y   of  the   i n v e n t -  

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

as  w e l l   as  a  r e a r   p o r t .   Howeve r   i t   w i l l   a l s o   be  a p p r e c i a t e d  

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

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

a s s e m b l y   may  i n c l u d e   a  s p r i n g   b i a s s e d   r e t u r n   s t r o k e .  



In  one  e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e   r e a r   end  c a p  

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

end  of  t h e   c y l i n d e r .   I t   i s   p o s s i b l e   f o r   t h e   r e a r   end  cap  t o  

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

i n t e g r a l   a t t a c h m e n t   i s   p r e f e r a b l e .  

S u i t a b l y   t h e   end  cap   i s   p l a t e   l i k e   h a v i n g   a  p a i r   o f  

o p p o s e d   end  s u r f a c e s   and  a  c o n t i n u o u s   s i d e   s u r f a c e   or  s i d e  

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

t h e   s i d e   w a l l   i n t o   a  c e n t r a l   c h a m b e r   in  t h e   r e a r   end  c a p  
w h i c h   i s   l o c a t e d   a d j a c e n t   to   a  p i s t o n   a s s e m b l y   when  t h e  

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

P r e f e r a b l y   t h e   r e a r   end  cap   i n c l u d e s   an  o u t w a r d l y  

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

t h e r e o f   w h i c h   may  e n g a g e   in   a  m a t i n g   g r o o v e   l o c a t e d   on  t h e  

p i s t o n   when  t h e   ram  a s s e m b l y   i s   in  t h e   r e t r a c t e d   p o s i t i o n .  

S u i t a b l y   t h e   r i b   may  h a v e   l o c a t e d   on  i t s   t o p   or  o u t e r   s u r f a c e  

a  c o n t i n u o u s   g r o o v e   a c c e s s i b l e   to   f l u i d   or  o i l   f rom  t h e  

c e n t r a l   c h a m b e r .   P r e f e r a b l y   t h e   c o n t i n u o u s   g r o o v e   i s   h e l i c a l  

or  in  t he   form  of  a  c o n t i n u o u s   s p i r a l .  

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

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

or  more  s e a l s   and  wea r   r i n g s   as  i s   known  in  t h e   a r t .  

The  p i s t o n   rod   s u i t a b l y   has   a  f r o n t   p o r t i o n   of  c o n s t a n t  

c r o s s   s e c t i o n ,   an  i n t e r m e d i a t e   t a p e r e d   p o r t i o n   and  a  r e a r  

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

s o c k e t   or  p a s s a g e   in   t h e   p i s t o n .   The  p i s t o n   a l s o   i n c l u d e s  

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

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

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

rod   to   t h e   p i s t o n   in  t h e   t h r e a d e d   a r e a   so  as  to   make  t he   p i s t o n  

rod   and  p i s t o n   in  e f f e c t   an  i n t e g r a l   a s s e m b l y .  

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

r e l e a s a b l y   or  s c r e w   t h r e a d e d l y   a t t a c h e d   to   t h e   f r o n t   end  of  t h e  

c y l i n d e r .   The  f r o n t   end  cap  i n c l u d e s   an  o u t e r   end  p o r t i o n  

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

a p e r t u r e .   The  f r o n t   p o r t   may  e x t e n d   t h r o u g h   t h e   s i d e   w a l l  

of  t he   f r o n t   end  c a p .  



P r e f e r a b l y   t h e   o u t e r   end  p o r t i o n   of  t h e   f r o n t   e n d  

cap  w i l l   i n c l u d e   one  o r  m o r e   s e a l i n g   m e m b e r s   in   an  i n t e r n a l  

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

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

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

a p e r t u r e .  

The  f r o n t   end  cap  may  a l s o   i n c l u d e   an  i n n e r   e n d . ,  

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

p a r t   f o r   e n g a g i n g   w i t h   a  m a t i n g   t h r e a d e d   p a r t   on  t h e   f r o n t  

end  of  t h e   c y l i n d e r .  

S u i t a b l y   t h e r e   i s   p r o v i d e d   on  t h e   i n n e r   end  p o r t i o n  

o f  t h e   f r o n t   end  cap   a  c o n t i n u o u s   g r o o v e  f o r   a c c o m m o d a t i n g  

an  O - r i n g   o r   p e r i p h e r a l   s e a l   w h i c h   i s   l o c a t e d   i n w a r d l y   o f  

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

T h e r e   a l s o   may  be  p r o v i d e d   an  a d j u s t m e n t   sh im   o r  

s p a c e r   s u i t a b l y   in   t h e   form  of  a  r i n g   member   or   c o l l a r   h a v i n g  

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

in  use   a l l o w s   t h e   p o s i t i o n   of  t h e   f r o n t   p o r t   to   be  v a r i e d  

r a d i a l l y   r e l a t i v e   to   t h e   r e a r   p o r t .  

The  g u i d e   b u s h   may  a l s o   i n c l u d e   a  p e r i p h e r a l   o u t -  

w a r d l y   e x t e n d i n g   r i b   on  an  i n n e r   s u r f a c e   t h e r e o f   w h i c h   m a y  

e n g a g e   w i t h   a  m a t i n g   g r o o v e   l o c a t e d   on  an  a d j a c e n t   e n d  

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

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

or   h e l i x   as  p r e v i o u s l y   d e s c r i b e d   f o r   t h e   r e a r   end  c a p  

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

R e f e r e n c e   may  now  be  made  to   a  p r e f e r r e d   e m b o d i m e n t  

of  t h e   i n v e n t i o n   as  shown  in   t h e   a c c o m p a n y i n g  d r a w i n g s   w h e r e i n :  

FIG  1  i s a   p e r s p e c t i v e   v i e w   of  a  f l u i d   a c t u a t e d   r a m  

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

b r o k e n   a w a y ;  
FIG  2  i s   a  s e c t i o n a l   v i e w   of  t h e   a s s e m b l y   o f   FIG  1 

t h r o u g h   a  h o r i z o n t a l   p l a n e ;  

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

b u s h :  



FIG  4  i s   an  end  v i ew   of  t h e   g u i d e   b u s h   shown  in  FIG  3 ;  

FIG  5  i s   a  s e c t i o n a l   v i e w   of  t h e   p i s t o n ;  

FIG  6  i s   a  s e c t i o n a l   v i e w   s i m i l a r   to   FIG  2  o f . a  

m o d i f i e d   ram  a s s e m b l y   c o n s t r u c t e d   in  a c c o r d a n c e   w i t h   t h e  .  

i n v e n t i o n ;  

FIG  7  i s   a  s e c t i o n a l   v i e w   of  a  p i s t o n   r o d   g u i d e  

b u s h   f o r   u s e   in   t h e   ram  a s s e m b l y   of  FIG  6 ;  

FIG  8  i s   an  end  v i e w   of  t h e   g u i d e   b u s h   of  FIG  7 ;  

FIG  9  i s   a  v i e w   of  a  c l e v i s   p i n   f o r   u s e   w i t h   t h e  

ram  a s s e m b l y   of  FIG  2  or  FIG  6;  a n d  

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

t h e   c l e v i s   p i n   of   FIG  9 .  

In  t h e   d r a w i n g s   in   FIGS  1 - 5 . t h e r e   i s   shown  h y d r a u l i c  

ram  a s s e m b l y   10  c o m p r i s i n g   r e a r   end  cap   11  h a v i n g   o p p o s e d   c l e v i s  

p l a t e s   12  a t t a c h e d   t h e r e t o .   End  cap   11  i s   w e l d e d   to   c y l i n d r i c a l  

b a r r e l   19  a t   11A.  End  c ap   11  a l s o   i n c l u d e s   r e a r   p o r t   13  a n d  

c e n t r a l   c a v i t y   or   c h a m b e r   14  c o n n e c t e d   to   p o r t   13  by  p a s s a g e  
15.   P o r t   13  i s   a d a p t e d   t o   be  c l o s e d   by  d u s t   cap   16.   E n d  

cap   11  a l s o   has   p e r i p h e r a l   r i b   17  as  shown  h a v i n g   a  g r o o v e d  

o u t e r   s u r f a c e   1 8 .  

T h e r e   i s   a l s o   shown  gap  19A  b e t w e e n   end  cap   11  a n d  

p i s t o n   2 7 .  

T h e r e   i s   a l s o   shown  p i s t o n   rod   23  h a v i n g   a  f r o n t  

p o r t i o n   24  of  c o n s t a n t   c r o s s   s e c t i o n ,   an  i n t e r m e d i a t e   t a p e r e d  

p o r t i o n   25  and  r e a r   end  p o r t i o n   26  w h i c h   i s   s c r e w   t h r e a d e d .  

T h e r e   i s   a l s o   shown  p i s t o n   27  h a v i n g   w e a r   r i n g s   21  

and  "J"   s e a l   and  b a c k - u p   r i n g   a s s e m b l y   22.   P i s t o n   27  a l s o  

has   p e r i p h e r a l   g r o o v e   20  f o r   e n g a g i n g   w i t h   r i b   17  as  s h o w n .  

P i s t o n   27  a l s o   h a s   t h r e a d e d   s o c k e t   28  b o n d e d   to   p o r t i o n   26  

of  p i s t o n   rod   23,   t a p e r e d   p o r t i o n   29  f o r   e n g a g i n g   w i t h  

t a p e r e d   p o r t i o n   25  of  p i s t o n   rod   23,  and  p e r i p h e r a l   g r o o v e   3 0 .  

P i s t o n   rod   23  as  shown  i s   a t t a c h e d   to   a  p a i r   of  o p p o s e d  

c l e v i s   p l a t e s   31.  I t   i n c l u d e s   as  b e s t   shown  in   FIG  5  g r o o v e s  

28A  f o r   t h e   w e a r   r i n g s   and  c e n t r a l   g r o o v e   28B  f o r   t h e   J  s e a l  

p r e v i o u s l y   d e s c r i b e d .   T h e r e   i s   a l s o   shown  f r o n t   end  cap   32  

h a v i n g   t a p e r e d   end  s u r f a c e   33,  p l a n a r   end  s u r f a c e   34,  c e n t r a l  



a p e r t u r e   35  f o r   r e c e i v i n g   p i s t o n   r o d   23,   f r o n t   p o r t   36,   a n d  

i n n e r   end  p o r t i o n   37.  T h e r e   i s   a l s o   shown  p i s t o n   rod   s e a l   3 8 ,  

p i s t o n   r o d   w i p e r   39,  and  f r o n t   end  cap   s e a l   40.  A l s o   s h o w n  

i s   t h r e a d e d   p a r t   41  e n g a g i n g   w i t h   m a t i n g   s c r e w   t h r e a d e d   p a r t  

42  of  c y l i n d r i c a l   b a r r e l . 1 9 .   A l s o   shown  i s   g r o o v e   38A  f o r   s e a l   4 0 .  

T h e r e   i s   a l s o   shown  p i s t o n   r o d   g u i d e   b u s h   44  h a v i n g  

a n g l e d   l o n g i t u d i n a l   p a s s a g e w a y s   45  l e a d i n g   f rom  f r o n t   p o r t  

36  to  gap  46  b e t w e e n   i n n e r   end  s u r f a c e   47  of   b u s h   44  a n d  

p i s t o n   27.  Bush  44  a l s o   has   a  p e r i p h e r a l   r i b   48  h a v i n g   a  
c o n t i n u o u s   s p i r a l   g r o o v e   49  l o c a t e d   in   a  t o p   s u r f a c e   t h e r e o f .  

Rib  48  e n g a g e s   w i t h   g r o o v e   30  of   p i s t o n   2 7 .  

G u i d e   b u s h   44  a l s o   i n c l u d e s   i n l e t   p o r t   50  w h i c h  

c o m m u n i c a t e s   w i t h   l o n g i t u d i n a l   p a s s a g e w a y s   45  as  w e l l   a s  

i n t e r m e d i a t e   p a s s a g e w a y s   51  and  52  l e a d i n g   to   c e n t r a l   a n n u l a r  

r e s e r v o i r   53.  T h e r e   i s   a l s o   shown  c e n t r a l   a p e r t u r e   53A  f o r  

i n s e r t i o n   of   p i s t o n   r o d   2 3 .  

T h e r e   i s   a l s o   shown  a d j u s t m e n t   sh im   54  f o r   r a d i a l l y  

a d j u s t i n g   t h e   p o s i t i o n   of  p o r t   36  r e l a t i v e   to   p o r t   1 3 .  

In  FIG  6  t h e r e   i s   shown  a  m o d i f i e d   ram  a s s e m b l y  

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

t h e   ram  a s s e m b l y   of  FIGS  1-5   a r e   i d e n t i f i e d   by  t h e   s a m e  

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

u t i l i z e d   a  m o d i f i e d   g u i d e   b u s h   55  h a v i n g   a  p l u r a l i t y   o f   l o n g -  

i t u d i n a l   p a s s a g e s   56  l e a d i n g   f r o m   p o r t   36A  i n s t e a d   of   a n g l e d  

p a s s a g e w a y s   45  d e s c r i b e d   p r e v i o u s l y .   T h e r e   i s   a l s o   s h o w n  

i n t e r m e d i a t e   p a s s a g e s   57  and  a n n u l a r   c e n t r a l   r e s e r v o i r   5 8 .  

Gu ide   b u s h   55  a l s o   has   s p i r a l l y   g r o o v e d   s u r f a c e   59  s i m i l a r   t o  

s p i r a l l y   g r o o v e d   s u r f a c e   49  d e s c r i b e d   p r e v i o u s l y   w h i c h   i s  

shown  p a r t i c u l a r l y   in   FIG  7.  A l s o   shown  i s   d u s t   cap   4 3 .  

In  FIGS  9-10   t h e r e   i s   shown  c l e v i s   p i n   60  h a v i n g  

end  g r o o v e s   61  f o r   r e t e n t i o n   t h e r e b y   by  c l i p   62  f o r   a t t a c h -  

ment   of  c l e v i s   p l a t e s   12  and  31  t o   a  s t a t i o n a r y   p a r t   of   a  

m a c h i n e   ( n o t   shown)   and  a  m o v a b l e   p a r t   of   t h e   m a c h i n e   ( n o t  

s h o w n ) .   As  b e s t   shown  in  FIG  2  r o d   b u s h   44  a l s o   has   o u t s t a n d i n g  

s h o u l d e r   60  w h i c h   a b u t s   a g a i n s t   t h e   i n t e r n a l   s u r f a c e   of   f r o n t  

end  cap  3 2 .  



The  p r o v i s i o n   of  t a p e r e d   s u r f a c e   or  p o r t i o n   25  o f  

p i s t o n   rod   23  i s   u s e f u l   in   t h a t   i t   e n a b l e s   f o r   r e a d y   i n s e r t i o n  

and  a l i g n m e n t   of  rod   23  w i t h i n   p i s t o n   27  w i t h o u t   t h e   p o s s i b i l i t y  

of  d a m a g i n g   any  s e a l s   as  was  t h e   c a s e   p r e v i o u s l y .   T h i s   e n a b l e s  

an  e x t r a   s e a l   b e t w e e n   t h e   p i s t o n   rod   23  and  p i s t o n   27  to   b e  

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

rod   23  and  p i s t o n   27  i s   c o n c e n t r i c   so  t h a t   r e s u l t a n t   f o r c e s  

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

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

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

The  p r o v i s i o n   of  t a p e r e d   end  s u r f a c e   33  of  f r o n t   e n d  

cap  32  e l i m i n a t e s   t h e   p o s s i b i l i t y   of  t r a p p e d   c o r r o s i v e s   a n d  

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

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

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

l o d g e d   b e t w e e n   t h e   f r o n t   end  of  c y l i n d e r   19  and  end  c ap   32 

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

o r i e n t a t i o n .  

The  p r o v i s i o n   of  r i b   17  and  m a t i n g   g r o o v e   20  a t  

t h e   r e a r   end  of  t h e   a s s e m b l y   10  and  r i b   48  and  m a t i n g   g r o o v e  
30  e n s u r e s   t h a t   " c u s h i o n s "   a r e   p r o v i d e d   f o r   t h e   p i s t o n   w h e n  

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

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

e x t e n s i o n   and  r e t r a c t i o n   of   t h e   p i s t o n   r o d   ' 2 3 .  

The  p r o v i s i o n   of  c o n t i n u o u s l y   g r o o v e d   s u r f a c e s   18 

and  49  e n s u r e   t h a t   t h e   f u l l   p i s t o n   a r e a   i s   a v a i l a b l e   f o r  

f l u i d   p r e s s u r e   f rom  a  f u l l y   e x t e n d e d   or   r e t r a c t e d   r o d   2 3 .  

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

h y d r a u l i c   ram  a s s e m b l i e s .   Thus   t h e   f l u i d   or   o i l   f r om  t h e  

f r o n t   p o r t   36  or  r e a r   p o r t   13  w i l l   run   a r o u n d   in   t h e   s p i r a l  

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

t h e   p i s t o n .  

The  p r o v i s i o n   of  sh im  54  e n a b l e s   t h e   r a d i a l   p o s i t i o n  

of  p o r t   36  to   be  a d j u s t e d   r e l a t i v e   to   p o r t   13.   T h i s   e n a b l e s  

c h a n g e s   to   be  made  d u r i n g   i n s t a l l a t i o n   to   o v e r c o m e   m i s - a l i g n m e n t  



p r o b l e m s .   S i m p l e   s h i m s   54  c u t   to   f r a c t i o n s   of  t h e   f r o n t  

cap   t h r e a d   may  be  i n s e r t e d   b e t w e e n   t h e   f r o n t   c ap   and  c y l i n d e r  

e n d .   No  s p e c i a l   t o o l s   or   m a c h i n i n g   i s   t h e r e f o r e   r e q u i r e d .  

The  p l a c e m e n t   of  s e a l   40  w i t h i n   t h e   p o s i t i o n   a s  

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

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

h y d r a u l i c   f l u i d .   T h i s  e n a b l e s   t h e   f r o n t   cap  32  to   be  e a s i l y  

r e m o v e d   p r o v i d i n g   f o r   c o n v e n i e n t   m a i n t e n a n c e .   Cap  32  may  b e  

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

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

b o r e   of  c y l i n d e r   19  and  t h u s   i s   i s o l a t e d   f rom  o i l   f l o w   a n d  

s u b j e c t   t o . c o r r o s i o n   m a k i n g   d i s m a n t l i n g   d i f f i c u l t   and   in   s o m e  

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

r e l i a b i l i t y   of  t h e   c y l i n d e r   19  by  i n c r e a s i n g   e f f e c t i v e   s e a l i n g  

when  t h e   b a r r e l   19  " b u l g e s "   due  to   h i g h   t r a n s i e n t   s h o c k s   a s  

d e s c r i b e d   p r e v i o u s l y .  

The  rod   b u s h   44  i s   s u i t a b l y   f o r m e d   f r o m   h i g h   g r a d e  

SG  i r o n   to   o v e r c o m e   " g r a b b i n g "   of  t h e   r o d   23  in   h o t   c o n d i t i o n s .  

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

a l u m i n i u m   or  b r o n z e   w h i c h   e x p a n d s   or  " g r o w s "   in   h o t   c o n d i t i o n s  

r e s u l t i n g   in  a  g r a b b e d   b u s h   and  s u b s e q u e n t   l e a k i n g .   T h e  

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

and  m a i n t e n a n c e   p r o b l e m s .   T h e  u s e   of   SG  i r o n   s u b s t a n t i a l l y  

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

f r i c t i o n   and  i s   an  e x c e l l e n t   b e a r i n g   m a t e r i a l .   The  b u s h   44  

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

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

s h o c k s .   SG  i r o n   a l s o   i s   u n q u e s t i o n a b l y   of   h i g h e r   l o a d i n g  

c a p a c i t y .  

The  u s e   of  p a s s a g e w a y s   45  and  56  i s   a l s o   u n i q u e  

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

of  b u s h   44  and  t e r m i n a t e   d i r e c t l y   a t   t h e   s u r f a c e   in   c o n t a c t  

w i t h   p i s t o n   27.  The  u s e   of  t h e s e   p a s s a g e w a y s   o f f e r s   m i n i m u m  

p r e s s u r e   d r o p   b e t w e e n   p o r t   36  or   36A  and  p i s t o n   27  and   i n c r e a s e s  

o v e r a l l   e f f i c i e n c y .  



A l s o   b o t h   p o r t s   13  and  36  or  36A  a r e   l o c a t e d   in  e n d  

c a p s   11  and  32  r e s p e c t i v e l y   and  t h u s   a re   c o m p l e t e l y   d i v o r c e d  

f rom  t h e   p r e c i s i o n   h o n e d   c y l i n d e r   t u b e   19.  Mos t   c o n v e n t i o n a l  

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

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

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

t u b e   19  and  t h u s   l e a v e s   c a r b o n   and  s c a l e   d e p o s i t   on  t h e   i n t e r -  

i o r   of  t u b e   19.  T h i s   may  be  h o n e d   a f t e r   w e l d i n g .   H o w e v e r  

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

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

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

t he   end  u s e r .   The  c y l i n d e r   19  and  p i s t o n   r o d   23  a r e   i n  

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

a r e   i n t e r c h a n g e a b l e   when  r e q u i r e d .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  m e t h o d   of   a s s e m b l y  

of  t h e   ram  a s s e m b l y   u s i n g   t h e   f o l l o w i n g   s t e p s :  

(i)   f i t t i n g   of   s e a l s   22  and  wea r   r i n g s   2 1  

to   p i s t o n   27  as  w e l l   as  s e a l   40  to   f r o n t   end  cap   3 2 ;  

( i i )   a t t a c h m e n t   of   p i s t o n   rod   23  to   f r o n t   e n d  

cap  3 2 ;  

( i i i )   a t t a c h m e n t   of   g u i d e   bush   44  or   55  to   p i s t o n  

rod   23  by  s l i d e a b l e   i n t e r e n g a g e m e n t ;  

( iv)   a t t a c h m e n t   of   p i s t o n   rod   23  to   p i s t o n   27 

as  d e s c r i b e d   u s i n g   b o n d i n g   a g e n t   in   t h e   t h r e a d e d   a r e a s ;  

(v)  I n s e r t i o n   o f   p i s t o n   rod   a s s e m b l y   c o m p r i s i n g  

p i s t o n   rod   23,  p i s t o n   2 7 ,  b u s h   44  or   55  and  f r o n t   end  c a p  

32  w i t h i n   i n t e r n a l   b o r e   of   c y l i n d e r   19  w h e r e i n   an  o u t e r   e d g e  

of  t u b e   19  i s   t a p e r e d   a n d / o r   r a d i u s e d   to  f a c i l i t a t e   s u c h  

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

(v i )   a t t a c h m e n t   of   f r o n t   end  cap  32  to   c y l i n d e r   1 9 .  

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

above   in   s t e p   (v)  when  s e p a r a t e   f rom  c y l i n d e r   19  f o r m s   a n  

a s s e m b l y   w h i c h ,   when  i n s e r t e d   i n t o   t h e   c y l i n d e r   19  a l i g n s  

t h e   f r o n t   end  cap   32  and  t h e   a b o v e m e n t i o n e d   s e a l s   by  u s e  

of  p e r i p h e r a l   r i b   48  e n g a g i n g   in   g r o o v e   30.  T h i s   m e a n s   t h a t  



s e a l   40  c l e a r s   t h e   t h r e a d   41  on  t h e   c y l i n d e r   t u b e   19  a n d  

l o c a t e s   t h e   O - r i n g   40  on  t h e   e x t e r n a l   s u r f a c e   or   o u t e r  

d i a m e t e r   o r   t u b e   19  as  t h r e a d   42  of  cap  32  e n g a g e s   t h r e a d   41 

on  t u b e   19.   As  t h e   cap  32  i s   t i g h t e n e d   t h i s   p u l l s   t h e   r o d  

bush   44  or   55  t i g h t l y   on  t h e   end  of   t u b e   19.  T h i s   s e q u e n c e  

of  a s s e m b l y   i s   b r o u g h t   a b o u t   by  t h e   u n i q u e   d i m e n s i o n i n g   a n d  

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

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

s e a l s .   S e a l   40  may  a l s o   be  i n s p e c t e d   f o r   i m p e r f e c t i o n s  

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

R i b   48  a l s o   i s   s u i t a b l y   l o c a t e d   or   d i m e n s i o n e d   s o  

t h a t   upon   a s s e m b l y   of  f r o n t   end  c ap   32  and  g u i d e   b u s h   44  a n d  

e n g a g e m e n t   w i t h i n   c y l i n d r i c a l   b a r r e l   19  t h e   c l e a r a n c e   of  t h r e a d  

41  by  s e a l   40  as  d e s c r i b e d   a b o v e   i s   e n h a n c e d .  

The  p r o v i s i o n   of  s h o u l d e r   60  f o r   g u i d e   b u s h   44 

a s s i s t s   in   p r e c i s e   and  a c c u r a t e   l o c a t i o n   of  f r o n t   end  cap  32  

w i t h i n   c y l i n d r i c a l   b a r r e l   19  t h u s   s a t i s f y i n g   c o n c e n t r i c i t y  

d i m e n s i o n a l   r e q u i r e m e n t s .  

A l s o   t h e   p r o v i s i o n   of  p i s t o n   rod   s e a l   38  w i t h i n  

an  open   e n d e d   r e c e s s   61  so  t h a t   i t   i s   a b u t t e d   by  b o t h   r o d  

b u s h   44  and   f r o n t   end  cap  32  f a c i l i t a t e s   s i m p l i c i t y   of  m a c h i n -  

i n g   o p e r a t i o n s   in   c o n s t r u c t i o n   of  ram  a s s e m b l y   10  and  a l s o  

f o r   i n s p e c t i o n   of  s u r f a c e   f i n i s h   and  m e a s u r e m e n t   f o r   s i z e .  

The  r e l a t i v e l y   l o n g   t a p e r   25  of  p i s t o n   rod   23  a l s o  

a l l o w s   t h e   p i s t o n   rod  23  to  be  e a s i l y   and  r a p i d l y   a s s e m b l e d  

t h r o u g h   r o d   w i p e r   s e a l   39  and  p i s t o n   rod   s e a l   38  w i t h   maximum 

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

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

25.  T h i s   e n s u r e s   t h a t   a s s e m b l y   d a m a g e   to   t h e   s e a l s   and  r o d  

b u s h   due  to   s u d d e n   p r o j e c t i o n s   c a u s i n g   s h e a r i n g   and  b r o a c h i n g  

damage   of  s e a l s   and  rod   b u s h   as  o c c u r s   in   c o n v e n t i o n a l   r a m  

a s s e m b l i e s   i s   s u b s t a n t i a l l y   e l i m i n a t e d .  

I t   w i l l   be  c l e a r   f rom  t h e   f o r e g o i n g   t h a t   t h e  

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

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



the   f e a t u r e  o f   t h e   rod   b u s h   h a v i n g   t h e   s a i d   l o n g i t u d i n a l  

p a s s a g e   w h i c h   may  c o m m u n i c a t e   w i t h   an  a d j a c e n t   s u r f a c e   o f  

the   p i s t o n   and  t h e   f l u i d   or  f r o n t   p o r t   l o c a t e d   in  t h e   f r o n t  

end  cap .   T h i s   f e a t u r e   f a c i l i t a t e s   t he   l o c a t i o n   of  s e a l   40  

in  t he   f r o n t   end  cap   so  t h a t   i t   i s   l o c a t e d   in  a d v a n c e   o f  

s c r ew  t h r e a d e d   p o r t i o n s   4 1 - 4 2 .  



1.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   i n c l u d i n g :  

a  c y l i n d r i c a l   b a r r e l ;  

a  r e a r   end  cap   a t t a c h e d   to   a  r e a r   end  of  t h e   c y l i n d r i c a l  

b a r r e l ;  

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

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

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

o t h e r ;  

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

p o r t i o n   t h e r e o f ;  

a  b e a r i n g   member   or  g u i d e   bush   l o c a t e d   a d j a c e n t   t o  

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

p i s t o n   r o d   and  a l s o   h a v i n g   one  or  more  l o n g i t u d i n a l  

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

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

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

one  or  more   l o n g i t u d i n a l   p a s s a g e s o f   t h e   b e a r i n g   m e m b e r  

or  g u i d e   b u s h .  

2.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y ' a s   c l a i m e d   in   c l a i m   1 

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

to  t h e   c y l i n d r i c a l   b a r r e l   a t   an  a t t a c h m e n t   zone   a n d  

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

cap  and  t h e   c y l i n d r i c a l   b a r r e l   in   a d v a n c e   of  or   r e a r w a r d l y  

of  s a i d   a t t a c h m e n t   z o n e .  

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

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

and  s a i d   s e a l i n g   means   c o m p r i s e s   an  O - r i n g   m o u n t e d   i n  

s a i d   r e t a i n i n g   g r o o v e .  

4.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as  c l a i m e d   in  c l a i m   2 

or  3  w h e r e i n   t h e r e   i s   p r o v i d e d   an  a d j u s t m e n t   s h i m   o r  

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

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

v a r i e d   r a d i a l l y   r e l a t i v e   to   a  r e a r   p o r t   l o c a t e d   in   t h e  

r e a r   end  c a p .  



5.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as  c l a i m e d   in  any  p r e c e d i n g  

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

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

on  an  a d j a c e n t   end  s u r f a c e   of  t h e   p i s t o n .  

6.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as  c l a i m e d   in   c l a i m   5  w h e r e i n  

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

g r o o v e   in   t h e   form  of  a  h e l i x   or   s p i r a l   a c c e s s i b l e   t o  

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

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

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

o u t w a r d l y   e x t e n d i n g   p e r i p h e r a l   r i b   l o c a t e d   on  an  i n n e r  

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

p o s i t i o n   w i t h i n   t h e   c y l i n d r i c a l   b a r r e l .  

8.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as  c l a i m e d   in   c l a i m   7  w h e r e i n  

t h e   r i b   has   on  a  t o p   or  o u t e r   s u r f a c e   a  c o n t i n u o u s   g r o o v e  
in  t h e   f o rm  of  a   h e l i x   or  s p i r a l   w h i c h   i s   a c c e s s i b l e   t o  

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

9.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as  c l a i m e d   in  any  p r e c e d i n g  

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

t a p e r e d   p o r t i o n   and  s a i d   p i s t o n   a l s o   has   a  m a t i n g   t a p e r e d  

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

of  t h e   p i s t o n   r o d .  

LO.  A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as   c l a i m e d   in  any  p r e c e d i n g  

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

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

c y l i n d r i c a l   b a r r e l   and  a l s o   w i t h   s a i d   f r o n t   end  c a p .  
1 .   A  f l u i d   a c t u a t e d   ram  a s s e m b l y   as   c l a i m e d   in  any  p r e c e d i n g  

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

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

p a s s a g e s .  

2.  A  m e t h o d   of   a s s e m b l y   of  a  f l u i d   a c t u a t e d   ram  a s s e m b l y  

as  d e f i n e d   in   c l a i m   1  i n c l u d i n g   t h e   s t e p s   o f  -  



( i )   f i t t i n g   of  s e a l i n g   r i n g s   a n d / o r   w e a r . r i n g s  

to   t h e   p i s t o n   as  w e l l   as  to   t h e   f r o n t   end  c a p ;  

( i i )   a t t a c h m e n t   of  t h e   p i s t o n   r o d   to   t h e   f r o n t  

end  c a p ;  

( i i i )   a t t a c h m e n t   of  t h e   g u i d e   b u s h   to   t h e   p i s t o n   r o d  

by  s l i d a b l e   i n t e r e n g a g e m e n t ;  

( i v )   a t t a c h m e n t   of  t h e   p i s t o n   r o d   to   t h e   p i s t o n ;  

(v)  i n s e r t i o n   of  an  a s s e m b l y   c o m p r i s i n g   p i s t o n   r o d ,  

p i s t o n ,   g u i d e   b u s h   and  f r o n t   end  cap   w i t h i n   a n  

i n t e r n a l   b o r e   of  t h e   c y l i n d r i c a l   b a r r e l ;   a n d  

( v i )   a t t a c h m e n t   of  t h e   f r o n t   end  cap  to   t h e   c y l i n d r i c a l  

b a r r e l .  
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