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©  Hydraulic  control  circuit  for  an  hydraulic  ram. 

An  hydraulic  control  circuit  for  the  hydraulic  rams  (1)  of 
the  boom  of  an  excavator  includes  a  servo-controlled 
hydraulic  selector  valve  (14)  for  selectively  connecting  a 
source  of  hydraulic  pressure  (12,  13)  to  the  rams  for  raising 
or  lowering  the  boom.  Load  control  valves  (4)  connected  to 
the  raising  sides  of  the  rams  include  pilot-operated  relief 
valves  (7)  for  controlling  the  outlet  of  hydraulic  fluid  from  the 
rams  during  lowering  of  the  boom.  In  order  to  provide  for  a 
fast  rate  of  descent  of  the  boom,  when  required,  the  relief 
valves  (7)  are  controlled  by  an  hydraulic  intensifier  (11a) 
which  is  responsive  to  operation  of  the  servo  hand  controller 
(16)  upon  lowering  of  the  boom.  The  hydraulic  pressure 
signal  from  the  appropriate  line  (15)  connecting  the  servo 
controller  to  the  selector  valve  (14)  is  applied  to  the  input  (24) 
of  the  hydraulic  intensifier,  upon  selection  of  the  lowering 
mode,  and  its  output  signal  is  fed  to  the  pilot  lines  (10)  of  the 
relief  valves  (7). 





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

f o r   a  h y d r a u l i c   ram  ( c y l i n d e r   +  p i s t o n )   c o n t r o l l i n g  

r a i s i n g   and  l o w e r i n g   of  a  m e c h a n i c a l   member ,   more  p a r t i c u l a r l y  
b u t   n o t   e x c l u s i v e l y   f o r   ram  c y l i n d e r   c o n t r o l   of  t h e  

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

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

s u c h   t h a t   men  may  be  w o r k i n g   in   c l o s e   p r o x i m i t y   to   t h e  

m a c h i n e   boom  and  b u c k e t ,   s u c h   as  when  t he   e x c a v a t o r   i s  

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

e t c . ,   i t   i s   h i g h l y   d e s i r a b l e ,   and  i s   l i k e l y   to   b e  

m a n d a t o r y   i n   t he   f u t u r e ,   t h a t   t h e   boom  s h o u l d   be  p r e v e n t e d  

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

h y d r a u l i c   s y s t e m   f a i l u r e , s u c h   as   a  h o s e   b r e a k ,   by  t h e  

i n c o r p o r a t i o n   of  some  fo rm  o f  l o a d   c o n t r o l   v a l v e   in   t h e  

h y d r a u l i c   c i r c u i t .   S i m i l a r l y ,   in   s u c h   s i t u a t i o n s ,  

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

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

I t   i s   known  to  i n c o r p o r a t e   o v e r - c e n t r e   v a l v e s   i n  

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

q u i c k l y ,   have   good  c o n t r o l ,   a  low  l e v e l   of  l e a k a g e ,  

and  p r o t e c t   t he   s t r u c t u r e   and  ram  c y l i n d e r s   f rom  t h e  

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

s t o p p i n g   downward   movement   of  t h e   boom.  E s s e n t i a l l y ,  

t he   o v e r - c e n t r e   v a l v e   i s   a  p i l o t   o p e r a t e d   r e l i e f   v a l v e  

and  i s   m o u n t e d   on  a  ram  c y l i n d e r .   The  p i l o t   p r e s s u r e  
u s e d   to  c o n t r o l   t he   v a l v e   i s   o b t a i n e d   f rom  t h e   f e e d   l i n e  

to  t h e   l o w e r i n g   s i d e   of  t he   boom  c y l i n d e r s .   With   t h i s  

a r r a n g e m e n t ,   t he   boom  may  n o t   l o w e r   a t   a  f a s t e r   r a t e  

t h a n   t h a t   d e t e r m i n e d   by  t h e   f l o w   of  o i l   i n t o   the   l o w e r i n g  

s i d e   of  the   ram  c y l i n d e r ,   s i n c e   any   t e n d a n c y   to  o v e r - r u n  

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

h e n c e   the   o v e r - c e n t r e   v a l v e   p i l o t   p r e s s u r e ,   to  f a l l   l e a d i n g  
to  c l o s i n g   of  t he   v a l v e .   T h i s   f e a t u r e ,   w h i l e   g i v i n g  

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

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



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

T h i s   i s   a  d i s a d v a n t a g e   s i n c e   i t   i s   common  p r a c t i c e  

f o r   t h e   boom  of  an  h y d r a u l i c   e x c a v a t o r   to   be  l o w e r e d  

a t   a  s p e e d   f a s t e r   t h a n   wou ld   be  d e t e r m i n e d   by  t he   f l o w  

of  o i l   i n t o   t h e   l o w e r i n g   s i d e   of  t h e   boom  c y l i n d e r ,   t h e  

d e f i c i e n c y   of   f l o w   b e i n g   made  up  f rom  a  low  p r e s s u r e  

s o u r c e   t h r o u g h   a  n o n - r e t u r n   v a l v e .   A  f a s t   r a t e   o f  

d e s c e n t   of   t he   boom  i s   r e q u i r e d   s i n c e ,   d u r i n g   a  t y p i c a l  

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

g r o u n d   l e v e l   and  dumped  a b o v e ,   t he   l o w e r i n g   of   the   boom 

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

t h e   o p e r a t i o n   a n d ,   as  s u c h ,   s h o u l d   be  e x e c u t e d   r a p i d l y ,  

c o n s i s t e n t   w i t h   m a c h i n e   s t a b i l i t y .  

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

or  s u b s t a n t i a l l y   r e d u c e   the   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 .  

To  t h i s   end ,   t he   p r e s e n t   i n v e n t i o n   c o n s i s t s   in   a n  

h y d r a u l i c   c o n t r o l   c i r c u i t   f o r   a  h y d r a u l i c   ram  c o n t r o l l i n g  

r a i s i n g   and   l o w e r i n g   of   a  m e c h a n i c a l   m e m b e r ,   c o m p r i s i n g   a  

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

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

s i d e s   of  t h e   ram  w h e r e b y   a c t u a t i o n   of  t he   s e l e c t o r   v a l v e  

o p e r a t e s   t he   ram  to  r a i s e   or  l o w e r   t h e   m e c h a n i c a l   m e m b e r ,  

a  l o a d   c o n t r o l   v a l v e   d i s p o s e d   a d j a c e n t   to   t h e   ram  a n d  

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

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

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

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

r e l i e f   v a l v e   means   f o r   c o n t r o l l i n g   t h e   o u t l e t   o f  

h y d r a u l i c   f l u i d   f rom  s a i d   r a i s i n g   s i d e   when  a p p l y i n g  

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

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

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

f l u i d   p r e s s u r e   to  o p e r a t e   t he   r e l i e f   v a l v e   means   a t  

a  s u f f i c i e n t   p r e s s u r e   to  r e t a i n   t he   r e l i e f   v a l v e   m e a n s  

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



by  t h e   s u p p l y   of   h y d r a u l i c   f l u i d   p r e s s u r e   to  t he   l o w e r i n g  

s i d e .  

In  h y d r a u l i c   c i r c u i t s   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   f o r   boom  ram  c o n t r o l ,   t he   boom  i s   e i t h e r  

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

c o n t i n u e s   t h e   s e l e c t e d   movemen t   i n   a  c o n t r o l l a b l e   m a n n e r  

d e p e n d i n g   u p o n   w h i c h   hose   b u r s t s ,   t h e   maximum  s p e e d  

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

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

the   f l o w   of  o i l   i n t o   t he   l o w e r i n g   s i d e   of   t he   ram  c y l i n d e r ,  

and  b o o m - d r i f t ,   i . e .   l o w e r i n g   of  t h e   boom  due  to   a n y  

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

v a l v e .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more  r e a d i l y  

u n d e r s t o o d ,   e m b o d i m e n t s   t h e r e o f   w i l l   now  be  d e s c r i b e d ,  

by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in   w h i c h : -  

F i g u r e   1  s h o w s ,   d i a g r a m m a t i c a l l y ,   one  e m b o d i m e n t   o f  

h y d r a u l i c   c o n t r o l   c i r c u i t   f o r   h y d r a u l i c   rams  c o n t r o l l i n g  

r a i s i n g   and  l o w e r i n g   of   t he   boom  of   an  h y d r a u l i c  

e x c a v a t o r ,  

F i g u r e s   2  and  3  show,   d i a g r a m m a t i c a l l y ,   two  o t h e r  

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

F i g u r e   4  i s   a  c r o s s - s e c t i o n   of   one  fo rm  of  l o a d -  

c o n t r o l   v a l v e   s u i t a b l e   f o r   i n c o r p o r a t i o n   in   t h e   c i r c u i t  

of  F i g u r e   3 .  

In  t h e   d r a w i n g s   l i k e   r e f e r e n c e   c h a r a c t e r s   a re   u s e d  

to  d e s i g n a t e   t h e   same  or  s i m i l a r   p a r t s .  

The  c i r c u i t   shown  in   F i g u r e   1  i s   u s e d   to  c o n t r o l  

two  h y d r a u l i c   e x c a v a t o r   boom  rams  1  e a c h   c o m p r i s i n g   a  

r e s p e c t i v e   c y l i n d e r   2  and  p i s t o n   3.  A l t h o u g h   two  rams  1  

have  b e e n   s h o w n ,   one  l a r g e r   ram  may  a l t e r n a t i v e l y   b e  

u s e d .   The  c i r c u i t   i n c o r p o r a t e s ,   f o r   e a c h   ram  1,  a  l o a d  

c o n t r o l   v a l v e   4  w i t h   a  r e s p e c t i v e   s e p a r a t e   ram  c y l i n d e r  

r e l i e f   v a l v e   5  and  a s s o c i a t e d   h y d r a u l i c   l i n e s   a n d  

c o n n e c t i o n s   w h i c h   a r e   the   same  in   e a c h   c a s e .   Thus ,   f o r  

s i m p l i c i t y ,   one  ram  o n l y   w i l l   be  r e f e r r e d   to  as  i f   t h e r e  



i s   o n l y   one  ram  and  i t s   a s s o c i a t e d   l o a d   c o n t r o l   v a l v e   4 ,  

r e l i e f   v a l v e   5  and  c o n n e c t i n g   l i n e s   in   t he   h y d r a u l i c  

c i r c u i t .   The  l o a d   c o n t r o l   v a l v e   4  has   good  m e t e r i n g  

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

p i l o t   o p e r a t i n g   p r e s s u r e ,   and  c o m p r i s e s   a  n o n - r e t u r n   v a l v e  

6  and  a  p i l o t   o p e r a t e d   r e l i e f   v a l v e   7.  The  v a l v e   p i l o t  

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

v a l v e   4  i . e .   t h e   r e l i e f   v a l v e   7  i s   o b t a i n e d   f rom  a  

boom  l o w e r i n g   f e e d   l i n e   8  c o n n e c t e d   to   t h e   l o w e r i n g   s i d e  

9  of  t h e   ram  c y l i n d e r   2 , v i a   a  p i l o t   l i n e   10.   A  s e q u e n c e  

v a l v e   1 1  i s  l o c a t e d   in   t he   l o w e r i n g   f e e d   l i n e   8  b e t w e e n  
w h e r e  

the   p o i n t / v a l v e   p i l o t   p r e s s u r e   i s   t a k e n   o f f   t h r o u g h   l i n e  

10  and  t h e   l o w e r i n g   s i d e   9  of  t he   ram  c y l i n d e r .  

A  m a i n   h y d r a u l i c   pump  12  w i t h   r e s e r v o i r   13  i s  

c o n n e c t e d   t o  a   s e l e c t o r   v a l v e   14 having a directional flow control function which  c o n t r o l s   the  m a i n  

pump  f l o w   t h r o u g h   t h e   c i r c u i t   and  w h i c h ,   i t s e l f ,   i s  

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

c o n t r o l l e r   16  w i t h   i t s   own  pump  17.  When  t h e   s e l e c t o r  

v a l v e   14  i s   o p e r a t e d   to  r a i s e   t he   boom,  f l u i d   f l o w s   a l o n g  

a  f e e d   l i n e   18  to   t h e   r a i s i n g   s i d e   19  of  t h e   r a m  

c y l i n d e r   v i a   t h e   n o n - r e t u r n   v a l v e   6  w i t h   m i n i m a l  

r e s t r i c t i o n   on  f l o w .   R e t u r n   f l o w   f rom  t he   c y l i n d e r  

l o w e r i n g   s i d e   9  w i l l   a l s o   p a s s   w i t h   m i n i m a l   r e s t r i c t i o n  

t h r o u g h   a  n o n - r e t u r n   v a l v e   20  c o n n e c t e d   to  f e e d   l i n e   8  

in   p a r a l l e l   w i t h   t h e   s e q u e n c e   v a l v e   11.  Thus ,   the   l o a d  

c o n t r o l   v a l v e   4  a n d  t h e   s e q u e n c e   v a l v e   11  have  l i t t l e  

e f f e c t   on  t h e   r a i s i n g   of  the   boom.  S h o u l d   a  hose  b r e a k   o c c u r  

in  t he   f e e d   l i n e   18  to   t he   c y l i n d e r   r a i s i n g   s i d e   1 9 ,  

t he   n o n - r e t u r n   v a l v e   6  e n s u r e s   t h a t   t he   boom  c a n n o t  

s u d d e n l y   f a l l .  

When  t h e   s e l e c t o r   v a l v e   14  is   o p e r a t e d   to  l o w e r   t h e  

boom,  p r e s s u r e   i s   r a i s e d   in   the   boom  l o w e r i n g   f e e d   l i n e   8  

due  to  t he   r e l i e f   v a l v e   7  of  t h e   l o a d   c o n t r o l   v a l v e   4  

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

a p p l i e d   to  t h e   p i l o t   l i n e   10  c a u s i n g   the   r e l i e f   v a l v e   7  



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

the   n o r m a l   o v e r - c e n t e r   v a l v e   p r e v i o u s l y   d e s c r i b e d .  

H o w e v e r ,   in  F i g u r e   1,  when  t h e   s e r v o - h a n d   c o n t r o l l e r  

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

of  d e s c e n t ,   the   pump  f l o w   t h r o u g h   an  o r i f i c e   21 

c o n n e c t e d   in   p a r a l l e l   w i t h   t h e   s e q u e n c e   v a l v e   11  a n d  

n o n - r e t u r n   v a l v e   20  c r e a t e s   a  p r e s s u r e   d r o p   a c r o s s  

the   o r i f i c e   s u f f i c i e n t   f o r   t h e   r e l i e f   v a l v e   7  of  t h e  

l o a d   c o n t r o l   v a l v e   4  to   be  p i l o t e d   f u l l y   open   f rom  t h e  

u p s t r e a m   s i d e  o f  t h e   o r i f i c e   21  and   e n s u r e   t h a t   r e l i e f  

v a l v e   remains fully open  as  t h e   boom  l o w e r i n g   s p e e d   is   i n c r e a s e d  

a b o v e   t h a t   d e t e r m i n e d   by  t h e   pump  f l o w   i n t o   t h e   c y l i n d e r  

l o w e r i n g   s i d e   9,  w h i l e   t h e   d o w n s t r e a m   p r e s s u r e   at   the   r a m  

c y l i n d e r   2  f a l l s   low  e n o u g h   to   p e r m i t   f l o w   f rom  a  m a k e - u p  

n o n - r e t u r n  v a l v e   22  to  s u p p l e m e n t   t he   o r i f i c e   f l ow  t o  

nake   up  any  f l o w   d e f i c i e n c y   in   t h e   c y l i n d e r   l o w e r i n g  

s i d e   9.  The  m a k e - u p   v a l v e   22  i s   f ed   o f f   a  low  p r e s s u r e  

g a l l e r y   by  pump  f l o w   r e t u r n i n g   f rom  t he   s e l e c t o r   v a l v e ,   t h e  

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

v a l v e   23.  Th i s   e n s u r e s   t h a t   c a v i t a t i o n   d o e s   n o t   o c c u r   within the ram cylinder 2. 

At  l o w e r   r a t e s   of  boom  d e s c e n t ,   i . e .   when  the  f l o w  

of  f l u i d   i n t o   t h e   l o w e r i n g   f e e d   l i n e   8  i s   m e t e r e d   by  t h e  

s e l e c t o r   v a l v e   14,   t he   p r e s s u r e   d r o p   a c r o s s   t he   o r i f i c e  

21  w i l l   n o t   be  s u f f i c i e n t   f o r   t h e   r e l i e f   v a l v e   7  to  b e  

p i l o t e d   f u l l y   o p e n .   T h i s   w i l l   r e s u l t   in   r e s t r i c t i o n   o f  

f l o w   f rom  the   ram  c y l i n d e r   2  t h r o u g h   t he   r e l i e f   v a l v e   7  

s u c h   t h a t   t he   p r e s s u r e   in   t he   boom  l o w e r i n g   l i n e   8  w i l l  

i n c r e a s e .   Th i s   i n c r e a s e   w i l l   p r e v e n t   any  m a k e - u p   f l o w  

t h r o u g h   the   v a l v e   22  s u p p l e m e n t i n g   t h e   pump  f l o w   i n t o   t h e  

c y l i n d e r   l o w e r i n g   s i d e   9.  T h u s ,   t he   l o w e r i n g   of  the  boom 

w i l l   be  c o n t r o l l e d   by  t h e   l o a d   c o n t r o l   v a l v e   4  in  r e s p o n s e  
to  the   m e t e r e d   f l o w   in  f e e d   l i n e   8.  I t   w i l l   be  e v i d e n t  

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

the   boom  r a i s i n g   l i n e   18  w i l l   have   a  n e g l i g i b l e   e f f e c t  

on  t h i s   c o n t r o l .  



The  p u r p o s e   of  t h e   s e q u e n c e   v a l v e   11  in  p a r a l l e l  
w i t h   t h e   o r i f i c e   21  i s   to  l i m i t   t he   maximum  l e v e l   o f  

p r e s s u r e   a t   t he   u p s t r e a m   s i d e   of   t h e   o r i f i c e   21  as  a  

p r o t e c t i o n   f o r   t he   p i p e   work   and  l o a d   c o n t r o l   v a l v e   4 .  

S i n c e   t h e   n o n - r e t u r n   v a l v e   20  i s   a l s o   in   p a r a l l e l   t h e r e  

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

boom  r a i s e   i s   s e l e c t e d .  

In  t he   e v e n t   of  s u d d e n   a r r e s t   of  l o w e r i n g   of  t h e  

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

e n s u r e s   t h a t   t r a n s i e n t   p r e s s u r e s   w i t h i n   t h e   ram  c y l i n d e r  

2  a r e   l i m i t e d   in   m a g n i t u d e ,   t h u s   g i v i n g   p r o t e c t i o n   to  t h e  

s t r u c t u r e .   A l t e r n a t i v e l y ,   t he   l o a d   c o n t r o l   v a l v e  4   c o u l d  

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

h a v i n g   an  open  c e n t r e   s p o o l ,   ( t h e   s e l e c t o r   v a l v e   1 4 ,  

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

of  t h e   r e l i e f   v a l v e   5  f o r   o p e r a t i o n a l   r e a s o n s ) .  

W h i l s t   t he   c i r c u i t   of  F i g u r e   1  o p e r a t e s   s a t i s f a c t o r i l y ,  

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

h i g h   s p e e d   of  d e s c e n t ,   t h e   s e q u e n c e   v a l v e   s e t t i n g   i s  

n e c e s s a r i l y   of  t he   o r d e r   of   2 , 5 0 0   p s i .   T h i s   can  c a u s e  

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

when  u s i n g   p o w e r   c o m p e n s a t e d   pumps ,   can  r e s u l t   i n  

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

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

l o w e r i n g   of  t h e   b o o m .  

The  c i r c u i t s   of  F i g s .   2  and  3  a v o i d   t h e s e   p o s s i b l e  

p r o b l e m s .  

R e f e r r i n g   now  to  F i g .   2,  t h i s   d i f f e r s   f rom  F i g .   1  i n  

t h a t   t h e   s e q u e n c e   v a l v e   11,   n o n - r e t u r n   v a l v e   20  a n d  

o r i f i c e   21  a r e   r e p l a c e d   by  a  h y d r a u l i c   i n t e n s i f i e r   l l a .  

In  t h i s   e m b o d i m e n t ,   a d v a n t a g e   i s   t a k e n   of  the   p r e s s u r e  

s i g n a l   f rom  t he   s e r v o - h a n d   c o n t r o l l e r   16  f o r   r e m o t e l y  

a c t i v a t i n g   the   s e l e c t o r   v a l v e   14  to  c a u s e   l o w e r i n g   o f  

t he   e x c a v a t o r   boom  by  f e e d i n g   t h i s   p r e s s u r e   s i g n a l   f rom  t h e  

a p p r o p r i a t e   l i n e   15  i n t o   t he   i n p u t   24  of  t h e   h y d r a u l i c  



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

i n t e n s i f i e r   i s   f ed   a t   i t s   o u t p u t   25  to  t h e   p i l o t   l i n e   1 0  

f o r   t he   r e l i e f   v a l v e   7  of  t he   l o a d   c o n t r o l   v a l v e   4.  By  

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

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

p r e s s u r e   e n e r g y   s o u r c e .  

The  p i l o t   l i n e   10  f rom  t he   i n t e n s i f i e r   l l a   to  t h e  

body   of  t he   l o a d   c o n t r o l   v a l v e   4  w o u l d   n o r m a l l y   be  a  

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

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

r e l i e f   v a l v e   7  s i n c e ,   i f   s u f f i c i e n t   i n   q u a n t i t y ,   t h e  

amoun t   of  c o m p r e s s i o n   r e q u i r e d   wou ld   e x c e e d   the   a v a i l a b l e  

d i s p l a c e m e n t   of  t h e   i n t e n s i f i e r   o u t p u t   p i s t o n   26.  T h u s ,  

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

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

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

c o n t r o l   v a l v e   body   and  t h r o u g h   the   i n t e n s i f i e r   l l a .  

T h i s   b l e e d   s y s t e m   i n c l u d e s   a  n o n - r e t u r n   v a l v e   27  and  l i n e   28  
c o n n e c t e d   i n t o   t h e   p i l o t   p o r t   of  t he   r e l i e f   v a l v e   7  

and  a  n o n - r e t u r n   v a l v e   29  in   t he   i n t e n s i f i e r   l l a   w h i c h  

is   u n s e a t e d   when  t h e   i n t e n s i f i e r   i s   i n o p e r a t i v e ,   s u c h  

t h a t   f l o w   w i l l   be  i n d u c e d   in   the   p i l o t   l i n e   10  f r o m  

the   r e l i e f   v a l v e   to   t h e   i n t e n s i f i e r ,   t h u s   p u r g i n g   t h e  

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

and  the   i n t e n s i f i e r .  

I t   w i l l   be  a p p r e c i a t e d   f rom  F i g .   2,  t h a t   t he   p o i n t  

where   t h e  l i n e   28  - c o n n e c t s   i n t o   t h e  p i l o t  

l i n e   10  i s   i n s i d e   t h e   body   of  t he   l o a d   c o n t r o l   v a l v e .  

T h i s   e n s u r e s   t h a t   t h e   b l e e d   f l o w   w h i c h   e x i s t s   when  boom 

l o w e r   is   no t   s e l e c t e d -   e n t e r s   t he   l o a d  

c o n t r o l   v a l v e   body   by  one  p o r t   and  l e a v e s   by  a n o t h e r   p o r t ,  

t h u s   p u r g i n g   t h e   body   c a v i t y   of  any  a i r .  

.  R e f e r r i n g   now  to  F i g u r e s   3  and  4,  t he   c i r c u i t   o f  

F i g u r e   3  d i f f e r s   f r o m   t h a t   of  F i g u r e   1  in   t h a t   t h e  

s e q u e n c e   v a l v e   11,   v a l v e   20  and  o r i f i c e   21  a r e  



o m i t t e d   and  a  v e n t i n g   v a l v e   30  i s   i n c o r p o r a t e d   in  a  

p i l o t   l i n e   31  c o n n e c t e d   to  a  p o r t   32  in   t he   r e l i e f   v a l v e   7  

and  to   t he   s e r v o - h a n d   c o n t r o l l e r   16  and  one  of  t he   l i n e s  

15.  The  l o a d - c o n t r o l   v a l v e   4  c o n s i s t s   of  t h e   r e l i e f  

v a l v e   7  and  n o n - r e t u r n   v a l v e   6  w h i c h   a r e   i n d e p e n d e n t  

of  e a c h   o t h e r   b u t   w h i c h   a r e   c o n t a i n e d   w i t h i n   a  common 

v a l v e   body   33.   The  r e l i e f   v a l v e   7  h a s   a  h o l l o w - c y l i n d r i c a l  

v a l v e   p l u n g e r   34  w h i c h   i s   s l i d i n g l y   and   s e a l i n g l y  

m o u n t e d   w i t h i n   t h e   v a l v e   body   33,   t h e   a n n u l a r   s e a l s   35  

d i v i d i n g   t he   v a l v e   body   i n t o   f o u r   c h a m b e r s   36,   37,  3 8  

and  39  w h i c h   a r e   c o n n e c t e d   r e s p e c t i v e l y   t h r o u g h   p o r t s  

40,  41,   42  and  32  to  t h e   r a i s i n g   s i d e   19  of   the   r a m  

c y l i n d e r   2,  t h e   r a i s i n g   f e e d   l i n e   18  to   t he   s e l e c t o r  

v a l v e   14 ,   t he   p i l o t   l i n e   10  c o n n e c t e d   to   t he   l o w e r i n g  

f e e d   l i n e   8,  and  t h e   p i l o t   l i n e   31  to   t h e   v e n t   v a l v e   3 0 .  

The  l e f t - h a n d   end  of  t h e   v a l v e   p l u n g e r   34  i s   n o r m a l l y  

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

43  on  the   v a l v e   body  33  by  means   of   a  c o m p r e s s i o n   s p r i n g  

44  in   t h e   v a l v e   c h a m b e r   39  and  a c t i n g   b e t w e e n   t h e   o p p o s i t e  

end  of  t he   v a l v e   body   and  v a l v e   p l u n g e r .  

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

2  a c t i n g   on  a  s m a l l   a n n u l a r   a r e a   45  d e f i n e d   by  t h e   o u t s i d e  

d i a m e t e r   of  t h e   v a l v e   p l u n g e r   34  and  t h e  m a t i n g   s e a t .  e n g a g i n g  

d i a m e t e r   of  t h e   p l u n g e r   end  d i s e n g a g e s   t he   p l u n g e r  e n d  
f rom  i t s   s e a t   43  a g a i n s t   t he   a c t i o n   of  t he   s p r i n g   44 to open valve 7. 

T h i s   a c t i o n   i s  a i d e d   by  t h e   a p p l i c a t i o n   of  a  p i l o t  

p r e s s u r e   t h r o u g h   l i n e   10  and  p o r t   42  to   a  f u r t h e r   a n n u l a r  

a r e a   46  w h i c h   g e n e r a l l y   i s   of  l a r g e r   a r e a   t h a n   t h e  

a r e a   45  a c t e d   on  by  t he   c y l i n d e r   l o a d   p r e s s u r e .   D i s e n g -  

a g e m e n t   of  t he   c y l i n d e r   end  f rom  t h e   v a l v e   s e a t   43  

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

b o d y ,   t h e   p o r t   41  and  l i n e   18  to   t h e   s e l e c t o r   v a l v e   1 4 .  

S i n c e   b a c k   p r e s s u r e   in   t h e   p o r t   41  w i l l   a c t   on  a n a r e a  

d e f i n e d   by  t he   d i a m e t e r   of  t he   l e f t - h a n d   p l u n g e r   e n d ,  

b a l a n c i n g h o l e s   47  a r e   p r o v i d e d   t h r o u g h   t h e   p l u n g e r   34  t o  



f e e d   t h i s   p r e s s u r e   i n t o   t he   s p r i n g   c h a m b e r   39  and  t h u s  

b a l a n c e   the   e f f e c t s   o f  b a c k   p r e s s u r e   on  the   p l u n g e r .  

By  v e n t i n g   the   p r e s s u r e   w i t h i n   t h e   s p r i n g   c h a m b e r   39  

to  d r a i n ,   the   b a c k   p r e s s u r e   can   be  u s e d   to   f u l l y   o p e n  
t he   v a l v e   ( d i s e n g a g e m e n t   of   p l u n g e r   f rom  v a l v e   s e a t   4 3 ) ,  

a l l o w i n g   minimum  r e s t r i c t i o n   to  t h e   f l o w   ou t   of  t h e  

c y l i n d e r   2  t h r o u g h   t h e   p o r t   32.  The  b a l a n c i n g   h o l e s   47  m u s t  

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

30  may  be  q u i t e   s m a l l .   T h i s   v a l v e   30  i s   s e t   to  e n s u r e  

t h a t   o n l y   when  t h e   s e r v o   s i g n a l   to   t he   s e l e c t o r   v a l v e  

14  has   r e a c h e d   a  c e r t a i n   l e v e l ,   p r e d e t e r m i n e d   by  t e s t s ,  

w i l l   t he   v a l v e   30  open   to   v e n t   t h e   s p r i n g   c h a m b e r   39  

and  t h u s   f u l l y   open  t h e   r e l i e f   v a l v e   7.  T h i s   e n s u r e s  

t h a t   t he   r e l i e f   v a l v e   o f f e r s   a  min imum  of  r e s i s t a n c e  

to  t he   f l o w   of  f l u i d   f rom  t h e   c y l i n d e r   w i t h   no  e x t r a  

e n e r g y   c o n s u m p t i o n   i m p o s e d   on  t h e   c i r c u i t .   Thus ,   t h e  

r e l i e f   v a l v e   7  i s   m a i n t a i n e d   f u l l y   open  to   p r o v i d e   a c c e p t a b l e  

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

s e l e c t e d   by  the   s e r v o - h a n d   c o n t r o l l e r   1 6 .  

The  n o n - r e t u r n   v a l v e   6  c o m p r i s e s   a  v a l v e   p l u n g e r   4 7 a  

w h i c h   i s   u r g e d   i n t o   e n g a g e m e n t   a t   one  of  i t s   ends   w i t h   a  

m a t i n g   s e a t   48  on  t h e   v a l v e   b o d y   33  by  a  s p r i n g   49  

d i s p o s e d   in   a  c h a m b e r   50.  P a s s a g e s   51,  and  52  in  the  v a l v e  

body  c o m m u n i c a t e   w i t h   the   p o r t   40  to   t he   r a i s i n g   s i d e  

of  t h e   ram  c y l i n d e r   2,  w i t h   t h e   s p r i n g   c h a m b e r   50  and  a n  

a n n u l a r   c h a m b e r   53  a d j a c e n t   t h e   v a l v e   s e a t   48  r e s p e c t i v e l y .  

Thus ,   when  the   s e l e c t o r   v a l v e   i s   o p e r a t e d   to  boom  r a i s e ,  

pump  f l o w   t h r o u g h   p o r t   41  i s   c o n n e c t e d   to  r a i s i n g   f e e d  

l i n e   18  and  the   i n t e r i o r   of  v a l v e   p l u n g e r   34  c a u s e s   t h e  

v a l v e   p l u n g e r   47a  to  be  moved  to  t he   l e f t   as  i l l u s t r a t e d  

in   F i g .   4  d i s e n g a g i n g   the   l a t t e r   f r om  i t s   s e a t   and  o p e n i n g  

the   v a l v e   6  a g a i n s t   t he   s p r i n g   p r e s s u r e   so  t h a t   f l o w  

p a s s e s   t h r o u g h   v a l v e   c h a m b e r   48  and  p a s s a g e   52  to  p o r t   4 0 .  

Any  h o s e   b u r s t   in  t h e   f e e d   r a i s i n g   l i n e   18  w i l l   r e s u l t  

in   t h e   v a l v e   p l u n g e r   47a  i m m e d i a t e l y   r e - e n g a g i n g   the  s e a t  



48  and  t h u s   c l o s i n g   t he   n o n - r e t u r n   v a l v e   6 .  

An  a d d i t i o n a l   f e a t u r e   of  t he   c i r c u i t   d e s c r i b e d  

w i t h   r e f e r e n c e   to   F i g u r e   3  i s   t h a t   s i n c e   a t   low  s e r v o  

p r e s s u r e s   t h e   v e n t i n g   v a l v e   30  i s   i n o p e r a t i v e ,   t h e n  

a f t e r   a  h o s e   f a i l u r e   in   t he   boom  r a i s i n g   f e e d   l i n e   1 8 ,  

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

t he   pump  f l o w   s i n c e ,   any   t e n d a n c y   to   r u n - a w a y ,   l e a d s  

to  l o s s   of  p r e s s u r e   w i t h i n   the   l o w e r i n g   f e e d   l i n e   8  

and  h e n c e   in   t h e   p i l o t   l i n e   10,  c a u s i n g   the   r e l i e f   v a l v e  

7  to  s h u t .   T h u s ,   u n d e r   t h e s e   c o n d i t i o n s ,   t h e   c i r c u i t  

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

v a l v e .  

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

w i t h   r e f e r e n c e   to   boom  c o n t r o l   ram  c y l i n d e r s ,   i t   s h o u l d  

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

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

s u c h   as  b u c k e t   a rm  and  h a n d l e   c o n t r o l   c y l i n d e r s   and  w r i s t  

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



1.  An  h y d r a u l i c   c o n t r o l   c i r c u i t   f o r   an  h y d r a u l i c   r a m  

(1)  c o n t r o l l i n g   r a i s i n g   and  l o w e r i n g   of  a  m e c h a n i c a l  

member,   c h a r a c t e r i s e d   by  a  s e l e c t o r   v a l v e   (14)   f o r  

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

p r e s s u r e   to  o p p o s i t e   s i d e s   of  t he   ram,  w h e r e b y   a c t u a t i o n  

of  the   s e l e c t o r   v a l v e   o p e r a t e s   t he   ram  to  r a i s e   or  l o w e r  

the   m e c h a n i c a l   member ,   a  l o a d   c o n t r o l   v a l v e   (4)  c o n n e c t e d  

b e t w e e n   the   r a i s i n g   s i d e   (19)   of  t he   ram  and  the   s e l e c t o r  

v a l v e   ( 1 4 ) ,   s a i d   l o a d   c o n t r o l   v a l v e   c o m p r i s i n g   n o n - r e t u r n  

v a l v e   means  ( 6 ) ,   v i a   w h i c h   h y d r a u l i c   p r e s s u r e   i s   a p p l i e d  

to  the   r a i s i n g   s i d e   o f   t he   ram,  and   p i l o t - o p e r a t e d  

r e l i e f   v a l v e   m e a n s   (7)   f o r   c o n t r o l l i n g   d i s c h a r g e   o f  

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

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

the   l o w e r i n g   s i d e   (9)   t h e r e o f ,   and  means   ( 2 1 , 1 1 a , 3 0 )   f o r .  

r e t a i n i n g   the   r e l i e f   v a l v e   means   (7)  open   as  the  l o w e r i n g  

s p e e d   of  t he   ram  i n c r e a s e s   above   t h e   maximum  s p e e d  

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

2 •  A n   h y d r a u l i c   c i r c u i t   as  c l a i m e d   i n   c l a i m   1 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   r e l i e f   v a l v e   means  (7)  i s  

h y d r a u l i c a l l y   a c t u a t e d   and  has   a  p i l o t   l i n e   ( 1 0 )  

c o n n e c t e d   to  t h e   l o w e r i n g   s i d e   (9)  of  t he   ram,  and  t h e  

means  ( 2 0 , 2 1 )   f o r   r e t a i n i n g   the  r e l i e f   v a l v e   m e a n s  

open  i s   d i s p o s e d   b e t w e e n   the   c o n n e c t i o n   of  s a i d  

p i l o t   l i n e   (10)   and  t h e   l o w e r i n g  s i d e   (9)  of  the   r a m  

and  is   a d a p t e d   to  c o n s t r i c t   f l o w   of  h y d r a u l i c   f l u i d  

to  s a i d   ram  upon  l o w e r i n g   movement   t h e r e o f ,   t h e r e b y  

to  m a i n t a i n   at  l e a s t   a  p r e d e t e r m i n e d   minimum  h y d r a u l i c  

p r e s s u r e   a p p l i e d   to  t he   p i l o t   l i n e   (10)   so  as  t o  

m a i n t a i n   the   r e l i e f   v a l v e   means  o p e n ,   w h i l s t   p e r m i t t i n g  

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

upon  r a i s i n g   m o v e m e n t   of  the   l a t t e r .  

3.  An  h y d r a u l i c   c i r c u i t   as  c l a i m e d   i n   c l a i m   2 ,  

c h a r a c t e r i s e d   in   t h a t   the   means  f o r   r e t a i n i n g   the  r e l i e f  

v a l v e   means  (7)  open   c o m p r i s e s   a  f l o w   r e s t r i c t i n g  



o r i f i c e   (21)   c o n n e c t e d   i n   p a r a l l e l   w i t h   a  n o n - r e t u r n  

v a l v e   ( 2 0 )   p e r m i t t i n g   u n r e s t r i c t e d   d i s c h a r g e   of  f l u i d  

f rom  t h e   r a m .  

4 .  A n   h y d r a u l i c   c i r c u i t   as  c l a i m e d   i n   c l a i m   2  or  3 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   means   f o r   r e t a i n i n g   the   r e l i e f  

v a l v e   m e a n s   (7)   open   i n c l u d e s   v a l v e   means   (11)   f o r  

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

r e t a i n i n g   means   ( 2 0 , 2 1 )   r e m o t e   f r o m   t h e   ram  to  a  

p r e d e t e r m i n e d   m a x i m u m .  

5.  A n  h y d r a u l i c   c i r c u i t   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 he   s e l e c t o r   v a l v e   (14 )   i s  

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

a  s e r v o   s e l e c t o r   v a l v e   ( 1 6 ) ,   t h e   r e l i e f   v a l v e   means  ( 7 )  

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

the  r e l i e f   v a l v e   means  open  c o m p r i s e s   h y d r a u l i c   i n t e n s i -  

f i e r   means   ( l l a )   w h i c h   i s   r e s p o n s i v e   to   a c t u a t i o n   o f  

the   s e r v o   s e l e c t o r   v a l v e   (16)   to  l o w e r   t h e   ram  so  a s  

to  a p p l y   h y d r a u l i c   p r e s s u r e   to  t h e   p i l o t   c i r c u i t   ( 1 0 )  

of  t h e   r e l i e f   v a l v e   m e a n s .  
6 .  A n   h y d r a u l i c   c i r c u i t   as  c l a i m e d   i n   c l a i m   5 ,  

c h a r a c t e r i s e d   by  p u r g i n g   means   ( 2 7 , 2 8 )   f o r   a u t o m a t i c a l l y  

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

(7)  and  t he   i n t e n s i f i e d   means   ( 1 1 a )   when  l o w e r i n g  

m o v e m e n t   of  t h e   ram  i s   no t   s e l e c t e d .  

7.  An  h y d r a u l i c   c i r c u i t   as  c l a i m e d   i n   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 he   r e l i e f   v a l v e   means   (7)  i s  

h y d r a u l i c a l l y   a c t u a t e d   and  has   a  p i l o t   l i n e   ( 1 0 )  

c o n n e c t e d   to  the  l o w e r i n g   s i d e   (9)  of  t he   ram,   t h e  

r e l i e f   v a l v e   means   i n c l u d i n g   a  v a l v e   member   (34)   m o v e -  

a b l e   to   c o n n e c t   an  i n l e t   p o r t   (40)   of  t h e   r e l i e f   v a l v e  

means   to  an  o u t l e t   p o r t   (41)   and  p e r m i t   d i s c h a r g e   o f  

h y d r a u l i c   f l u i d   f rom  t h e   r a i s i n g   s i d e   (19)   of  t he   r a m ,  

w h e r e b y   an  h y d r a u l i c   b a c k   p r e s s u r e   i s   a p p l i e d   to  o n e  

s i d e   of   s a i d   v a l v e   member ,   and   means   (47)   f o r   a p p l y i n g  

s a i d   b a c k   p r e s s u r e   to  t he   o p p o s i t e   s i d e   of  s a i d   v a l v e  



member  to  b a l a n c e   the   e f f e c t   of  s a i d   b a c k   p r e s s u r e   t h e r e o n ,  

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

t h e   r e l i e f   v a l v e   means   open   c o m p r i s e s   v e n t i n g   v a l v e  

means   (30)   c o n n e c t e d   to  s a i d   o p p o s i t e   s i d e   of  s a i d   v a l v e  

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

r e s p o n s e   to  a c t u a t i o n   of  t he   s e l e c t o r   v a l v e   (14)  t o  

m a x i m i s e   the   l o w e r i n g   s p e e d   of  t h e   r a m , w h e r e b y   s a i d  

b a c k   p r e s s u r e   r e t a i n s   s a i d   r e l i e f   v a l v e   means  o p e n .  
8.  An  h y d r a u l i c   c i r c u i t   as  c l a i m e d   in   c l a i m   7 ,  

c h a r a c t e r i s e d   in   t h a t   the   s e l e c t o r   v a l v e   (14)   i s   h y d r a u l i -  

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

s e l e c t o r   v a l v e   ( 1 6 ) ,   and  t he   v e n t   v a l v e   means   (30)   i s  

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

of  the   s e r v o   s e l e c t o r   v a l v e   (16)   to  m a x i m i s e   the  l o w e r i n g  

s p e e d   of  t he   r a m .  

9.  An  h y d r a u l i c   c i r c u i t   as  c l a i m e d   i n   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   by  means   (22)   f o r  

s u p p l y i n g   m a k e - u p   h y d r a u l i c   f l u i d   to  the   l o w e r i n g   s i d e  

( 9 )  o f   the   ram  in  r e s p o n s e   to  the   d e c r e a s e   be low  a  p r e -  
d e t e r m i n e d   minimum  p r e s s u r e   of  the   h y d r a u l i c   p r e s s u r e  

a p p l i e d   to  s a i d   l o w e r i n g   s i d e .  

10.  An  h y d r a u l i c   c i r c u i t   as  c l a i m e d   in   a n y  o n e   of  t h e  

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

means   (5)  c o n n e c t e d   i n   p a r a l l e l   w i t h   s a i d   l o a d   c o n t r o l  

v a l v e   (4)  and  r e s p o n s i v e   to  the  h y d r a u l i c   p r e s s u r e   a t  

t h e   r a i s i n g   s i d e   (19)   of  t he   ram  f o r   l i m i t i n g   t h e  

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

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

p r e s s u r e .  
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