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@  Hydraulic  RAM  assembly. 

  A  hydraulic  ram  assembly  capable  of  providing  a  force 
varying  over  a  wide  range  has  a  first  ram  with  a  fixed  cylinder 
and  a  movable  piston  which  is  capable  of  supplying  a  force  at 
the  lower  end  of  the  range  and  a  second  ram  with  a  fixed  cylin- 
der  and  a  piston  which  is  movable  into  engagement  with  the 
piston  of  the  first  ram  to  assist  the  first  piston  to  thereby  pro- 
vide  an  increased  load. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  a s s e m b l y   of  t w o  

h y d r a u l i c   r a m s .  

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

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

f o r c e   v a r y i n g   o v e r   a  v e r y   w i d e   r a n g e .   I t   i s   v e r y  

d i f f i c u l t   to  d e s i g n   a  s i n g l e   h y d r a u l i c   ram  w h i c h   i s  

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

w i d e   r a n g e   of   f o r c e s .  

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

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

d e f i n i n g   an  o p e n - e n d e d   c y l i n d e r ,   a  p i s t o n   d i s p l a c e a b l e  

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

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

t h e   d i r e c t i o n   t o w a r d s   t he   open   end  of   t h e   c y l i n d e r ;  

and  a  s e c o n d   ram  c o m p r i s i n g   a  h o u s i n g   d e f i n i n g   a  

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

c h a r a c t e r i s e d   in   t h a t   t he   c y l i n d e r   of   t h e   s e c o n d   ram  i s  

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

t h r o u g h   an  o p e n i n g   in   t h e   h o u s i n g   o f   t h e   f i r s t   r a m  

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

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

of   t h e   s e c o n d   ram  to  d i s p l a c e   t h e   p i s t o n   i n   t h e  

d i r e c t i o n   t o w a r d s   t h e   o p e n i n g   and  t h e   p i s t o n   of   t h e  

s e c o n d   ram  h a v i n g   an  e x t e n s i o n   w h i c h   p r o j e c t s   t h r o u g h  



t h e   o p e n i n g   i n   t h e   h o u s i n g   and   i s   e n g a g e a b l e   w i t h   t h e  

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

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

e x t e n s i o n   a n d   t h e   p i s t o n   o f   t h e   f i r s t   r am   a r e   s u c h   a s  

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

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

f i r s t   r a m .  

D e p e n d i n g   on  t h e   f o r c e   w h i c h   i s   t o   b e  

d e v e l o p e d ,   e i t h e r   t h e   f i r s t   ram  o n l y   i s   e m p l o y e d   or   t h e  

two  r a m s   c an   be  o p e r a t e d   t o g e t h e r .  

S i n c e   t h e   e x t e n s i o n   o f   t h e   p i s t o n   i n   t h e  

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

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

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

f i r s t   r a m ,   i t   a c t s   a g a i n s t   t h e   f u l l   s u r f a c e   of   t h e  

p i s t o n   t h e r e i n   and  i t   a l s o   a c t s   a g a i n s t   t h e   e x t e n s i o n  

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

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

t h e   f i r s t   r am.   When  o n l y   t h e   f i r s t   ram  i s   b e i n g   u s e d ,  

o n l y   one  s e a l ,   i . e .   t h a t   b e t w e e n   t h e   p i s t o n   of   t h a t   r a m  

and  t h e   c y l i n d e r   w a l l ,   i s   e m p l o y e d .   T h i s   p e r m i t s  

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

w a l l .  

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

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

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



and  b e t w e e n   t h e   e x t e n s i o n   and  t h e   h o u s i n g   of  t h e   f i r s t  

r a m .  

In   o r d e r   t h a t   t h e   i n v e n t i o n   may  be  m o r e  

r e a d i l y   u n d e r s t o o d ,   i t   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

e x a m p l e   o n l y   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  

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

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

In  t h e   a r r a n g e m e n t   s h o w n   in   t h e   f i g u r e ,   t h e  

r am  a s s e m b l y   i s   u s e d   to   d i s p l a c e   a  c h o c k   1  o f   a  r o l l i n g  

m i l l   s t a n d   r e l a t i v e   to   a  f i x e d   h o u s i n g   2  o f   t h e   m i l l  

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

i s   l o c a t e d   in   a  r e c e s s   3  f o r m e d   in   t h e   h o u s i n g .   T h e  

a s s e m b l y   c o n s i s t s   o f   a  h o u s i n g   4  h a v i n g   a  s i d e   w a l l   5 

a n d   an  end   w a l l   6  a n d   t o g e t h e r   t h e y   d e f i n e   a  c y l i n d e r   7 

w h i c h   i s   o p e n - e n d e d .   A  p i s t o n   8  h a v i n g   a  w a l l   s e a l   9 

i s   d i s p l a c e a b l e   in   t h e   c y l i n d e r   7  to  c o n s t i t u t e   a  r a m .  

S e p a r a t e   f r o m ,   b u t   m o u n t e d   on  t h i s   h o u s i n g   4 ,  

t h e r e   i s   a  f u r t h e r   h o u s i n g   10  w h i c h   h a s   a  s l i d e   w a l l   1 1  

and   an  e n d   w a l l   12  and   t o g e t h e r   w i t h   t h e   e n d   w a l l   6  o f  

t h e   f i r s t   ram  t h e y   d e f i n e   a  c y l i n d e r   13.  A  p i s t o n   1 5  

i s   d i s p l a c e a b l e   in   t he   c y l i n d e r   13  to  c o n s t i t u t e   a  r a m  

and   t h e r e   i s   a  s e a l   16  b e t w e e n   t h e   p i s t o n   15  a n d   t h e  

w a l l   of  t h e   c y l i n d e r .   The  p i s t o n   h a s   an  e x t e n s i o n   17  

w h i c h   p r o j e c t s   t h r o u g h   an  o p e n i n g   18  in   t h e   end   w a l l   6 

of   t h e   h o u s i n g   4  a n d   t h e r e   i s   a  s e a l   19  b e t w e e n   t h e  

e x t e n s i o n   and  t h e   w a l l   of  t h e   o p e n i n g .  



The  l o w e r   end  of   t h e   e x t e n s i o n   p r o j e c t s   i n t o  

t h e   c y l i n d e r   7  and  i s   e n g a g e a b l e   w i t h   t h e   a d j a c e n t  

s u r f a c e   o f   t h e   p i s t o n   8.  I t   i s   p r e f e r a b l e   f o r   t h e   e n d  

f a c e   of  t h e   e x t e n s i o n   17  and  t h e   a d j a c e n t   f a c e   of   t h e  

p i s t o n   8  to   be  of   c o n v e x   and  c o n c a v e   f o r m ,  

r e s p e c t i v e l y ,   so  t h a t   l i m i t e d   i n c l i n a t i o n   can   t a k e  

p l a c e   b e t w e e n   t h e   p i s t o n   8  and   t h e   e x t e n s i o n   and  t h e r e  

can   be  r e l a t i v e   i n c l i n a t i o n   b e t w e e n   t h e   l o n g i t u d i n a l  

a x i s   of   t h e   e x t e n s i o n   and  t h a t   o f   t h e   c y l i n d e r   7 .  

The  p a r t   o f   t h e   c y l i n d e r   13  w h i c h   i s   b e t w e e n  

t h e   p i s t o n   15  a n d   t h e   w a l l   6  o f   t h e   h o u s i n g   4  i s   k e p t  

o p e n   by  way  o f   a  p e r m a n e n t   c o n n e c t i o n   20  to  d r a i n .   T h e  

p a r t   of   t h e   c y l i n d e r   13  a b o v e   t h e   p i s t o n   15  i s  

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

21  and  t h e   c y l i n d e r   7  i s   a l s o   c o n n e c t e d   to   a  p o r t   o n  

t h e   s o l e n o i d   v a l v e   21  by  a  f l u i d   l i n e .   In  t h e  

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

f r o m   a  c o n t r o l l a b l e   h y d r a u l i c   s o u r c e   22  d i r e c t l y   to  t h e  

c y l i n d e r   7  and   t h e   p a r t   of   t h e   c y l i n d e r   13  a b o v e   t h e  

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

d r a i n .   In  t h i s   way,   t h e   h y d r a u l i c   f l u i d   s u p p l i e d   t o  

t h e   c y l i n d e r   7  c a u s e s   a  f o r c e   to   be  a p p l i e d   to  t h e  

p i s t o n   8,  and   t h e   p i s t o n   15  i s   f o r c e d   u p w a r d l y   to   t h e  

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

t h e   p i s t o n   8  by  t h e   f o r c e   of   t h e   f l u i d   a c t i n g   on  t h e  

e x t e n s i o n   17.  T h u s ,   t h e   f o r c e   o f   t h e   f l u i d   in   t h e  



c y l i n d e r   7  a c t s   o v e r   t he   e n t i r e   s u r f a c e   of   t h e   p i s t o n  

8.  When  t h e   s o l e n o i d   v a l v e   21  i s   c o n n e c t e d   in   i t s  

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

s u p p l i e d   to  t he   c y l i n d e r   7  and  to  t h e   c y l i n d e r   13  a b o v e  

t h e   p i s t o n   15  and ,   h e n c e ,   t he   e x t e n s i o n   17  i s   f o r c e d  

d o w n w a r d l y   i n t o   e n g a g e m e n t   w i t h   t h e   p i s t o n   8  to  p r o v i d e  

a  c o m b i n e d   f o r c e   a c t i n g   on  t h e   c h o c k   1.  I t   w i l l   b e  

s e e n ,   t h e r e f o r e ,   t h a t   e i t h e r   t h e   ram  c o n s i s t i n g   of   t h e  

p i s t o n   8  in   t h e   c y l i n d e r   7  can   be  b r o u g h t   i n t o  

o p e r a t i o n   on  i t s   own,   or  i t   can   be  in   o p e r a t i o n   a l o n g  

w i t h   t h e   p i s t o n   15  in   t he   c y l i n d e r   13,  t h u s   p r o v i d i n g   a  

much  g r e a t e r   f o r c e   on  t h e   c h o c k   1 .  

E v e n   w h e n   b o t h   r a m s   a r e   i n   o p e r a t i o n ,   t h e  

e x t e n s i o n   17  can   be  i n c l i n e d   s l i g h t l y   w i t h   r e s p e c t   t o  

t h e   a x i s   of   t h e   p i s t o n   8.  When  b o t h   r a m s   a r e   in   . 

o p e r a t i o n ,   t h e r e   a r e   t h r e e   s e a l s   in   u s e ,   b u t   t h e   s e a l  

f r i c t i o n   i s   n o t   so  c r i t i c a l   when  l a r g e   o p e r a t i n g   f o r c e s  

a r e   b e i n g   p r o d u c e d .  

V a r i o u s   f o r m s   of   t r a n s d u c e r s   ( n o t   s h o w n )   c a n  

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

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

h o u s i n g s   2 .  



1.  An  a s s e m b l y   of   a  f i r s t   ram  c o m p r i s i n g   a  

h o u s i n g   (4)  d e f i n i n g   an  o p e n - e n d e d   c y l i n d e r   (7) ,   a  

p i s t o n   (8)  d i s p l a c e a b l e   i n   t h e   c y l i n d e r   and  m e a n s   f o r  

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

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

end  o f  t h e   c y l i n d e r ;  

and  a  s e c o n d   ram  c o m p r i s i n g   a  h o u s i n g   ( 1 0 )  

d e f i n i n g   a  c y l i n d e r   (13)  and  a  p i s t o n   (15)  d i s p l a c e a b l e  

in   t h e   c y l i n d e r ,   c h a r a c t e r i s e d   in   t h a t   t h e   c y l i n d e r   o f  

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

t h e   f i r s t   ram  t h r o u g h   an  o p e n i n g   (18)  in   t h e   h o u s i n g  

(4)  o f   t h e   f i r s t   ram  w h i c h   i s   o p p o s i t e   t h e   open   end  o f  

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

p r e s s u r e   i n t o   t h e   c y l i n d e r   o f   t h e   s e c o n d   r am  t o  

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

o p e n i n g   and   t h e   p i s t o n   o f   t h e   s e c o n d   ram  h a v i n g   a n  

e x t e n s i o n   (17)   w h i c h   p r o j e c t s   t h r o u g h   t h e   o p e n i n g   i n  

t h e   h o u s i n g   and  i s   e n g a g e a b l e   w i t h   t h e   p i s t o n   (8)  o f  

t h e   f i r s t   r a m .  

2.  An  a s s e m b l y   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   in   t h a t   t h e   p i s t o n   (8)  of  t h e   f i r s t   r a m  

i s   p r o v i d e d   w i t h   one  p e r i p h e r a l   s e a l   (9)  w h i c h   p e r m i t s  

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



( 7 ) .  

3.  An  a s s e m b l y   as  c l a i m e d   in   c l a i m   1  or  2 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   s u r f a c e   of   t h e   e x t e n s i o n   ( 1 7 )  

w h i c h   i s   e n g a g e a b l e   w i t h   t h e   p i s t o n   (8)  of  t he   f i r s t  

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

t he   p i s t o n   (8)  i s   of   c o n c a v e   f o r m   t h e r e b y   p e r m i t t i n g  

l i m i t e d   i n c l i n a t i o n   b e t w e e n   t h e   a x i s   of   t he   e x t e n s i o n  

and  t h a t   of   t h e   p i s t o n .  

4.  An  a s s e m b l y   as  c l a i m e d   in   c l a i m   1,  2  or   3 ,  

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   c o n t r o l   v a l v e   m e a n s  

(21,   22)  w h i c h   p e r m i t s   f l u i d   to  be  s u p p l i e d   to  t h e  

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

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

5.  An  a s s e m b l y   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   in   t h a t   t h e r e   i s   one  p e r i p h e r a l   s e a l   ( 1 9 )  

b e t w e e n   t h e   e x t e n s i o n   and  t h e   w a l l   of  t h e   h o u s i n g   w h i c h  

d e f i n e s   t he   o p e n i n g   and  one  p e r i p h e r a l   s e a l   (16)  on  t h e  

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