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Controlled  pressure  upstaging  and  flow  reduction. 
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An  improvement  is  disclosed  in  a  hydraulic  system 
(10)  having  a  variable  displacement  pump  (12)  and  being 
capable  of  delivering  pressurized  fluid  from  the  pump  (12) 
to  selectively  engage  at  least  three  work  circuits  (18)  with 
a  first  (20)  of  the  circuits  (18)  being  normally  operable  up 
to  a  first  pressure  and  a  second  (22)  of  the  circuits  (18) 
being  normally  operable  up  to  a  second  and  lower 
pressure.  The  improvement  comprises  circuitry  (80,  92,  94, 
98,  108,  120,  122,  124,  126)  for  selectively  operating  a 
third  (24)  of  the  circuits  (18)  at  one  of  the  first  or  second 
pressures  or  at  an  upstaged  pressure  which  exceeds  the 
first  pressure  and  circuitry  (128)  for  reducing  the  displa- 
cement  of  the  pump  (12)  in  response  to  the  third  circuit 
(24)  being  operated  at  the  upstaged  pressure.  Such  up- 
staged  pressure  is  available  in  a  controlled  manner  for 
working  against  particularly  heavy  loads.  Thus,  a  third  and 
higher  operating  level  is  added  to  a  system  which  already 
operates  at  at  least  two  pressure  levels. 



T e c h n i c a l   F i e l d  

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

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

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

w i t h   c o n c o m i t a n t   f l o w   r e d u c t i o n .  

B a c k g r o u n d   A r t  

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

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

in  p a r a l l e l   f r om  a  s i n g l e   p r e s s u r e   c o m p e n s a t e d   v a r i a b l e  

d i s p l a c e m e n t   pump.  I t   i s   known  to  h a v e   some  of   t h e  

work   c i r c u i t s   o p e r a b l e   a t   h i g h e r   p r e s s u r e s   t h a n   o t h e r  

of   t h e   work   c i r c u i t s .   Fo r   e x a m p l e ,   t h e   t r a c k   d r i v e   o f  

an  e x c a v a t o r   may  be  r e q u i r e d   to   o p e r a t e   a t   h i g h e r  

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

s t i c k   or  t h e   boom.  To  a c c o m p l i s h   t h i s ,   t h e   p r i o r   a r t  

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

s u p p l y   a  h i g h e r   p r e s s u r e ,   and  a t   t i m e s   a  l o w e r   f l o w  

r a t e   as  w e l l ,   to  a  t r a c k   d r i v e   w o r k i n g   c i r c u i t   and  a  

r e l a t i v e l y   l o w e r   p r e s s u r e   to  a  s t i c k   m o t o r   or   a  b o o m  

m o t o r .   U .S .   P a t e n t   4 , 1 0 7 , 9 2 4 ,   i s s u e d   A u g u s t   22,   1 9 7 8  

to  J . E .   D e z e l i n   i l l u s t r a t e s   a  h y d r a u l i c   c i r c u i t   f o r   a n  

e a r t h w o r k i n g   v e h i c l e   h a v i n g   s u c h   c h a r a c t e r i s t i c s .  

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

an  o p e r a t o r   to  be  a b l e   to  s u p p l y   a d d i t i o n a l   p r e s s u r e  
to  one  of  t h e   h y d r a u l i c   m o t o r s ,   f o r   e x a m p l e ,   to   t h e  

boom  m o t o r   of   an  e x c a v a t o r   when  t h e   boom  i s   b e i n g  

r a i s e d .   In  f a c t ,   in   s u c h   a  s i t u a t i o n   i t   i s   d e s i r a b l e  

to  be  a b l e   to  s u p p l y   a  h i g h e r   p r e s s u r e   to   t h e   b o o m  

m o t o r   t h a n   i s   n o r m a l l y   s u p p l i e d   even   to  t h e   t r a c k   d r i v e .  



W h i l e   s u c h   a  c a p a b i l i t y   has   b e e n   a v a i l a b l e   w i t h   s y s t e m s  

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

f o r   e x a m p l e ,   as  shown  in  U .S .   P a t e n t   4 , 1 2 3 , 9 0 7 ,   i s s u e d  

N o v e m b e r   7,  1978  to  D.  L.  B i a n c h e t t a ,   e t   a l . ,   i t   h a s  

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

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

p r e s s u r e   l e v e l s .   F u r t h e r ,   s u c h   p r e s s u r e   c o n t r o l  

c i r c u i t r y   as  i s   known  to   t h e   p r i o r   a r t   f o r   r a i s i n g   t h e  

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

d i s p l a c e m e n t   pump  to  a  h y d r a u l i c   c i r c u i t   w h i c h   has   a  

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

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

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

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

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

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

u p s t a g e   p r e s s u r e   in   one   of  a t   l e a s t   t h r e e   work   c i r c u i t s  

of   a  h y d r a u l i c   s y s t e m ,   w h e r e i n   t h e   work   c i r c u i t s   of  t h e  

s y s t e m   n o r m a l l y   o p e r a t e   in   a t   l e a s t   two  d i f f e r e n t  

p r e s s u r e   r a n g e s .   I t   w o u l d   be  f u r t h e r   a d v a n t a g e o u s   i f  

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

r e d u c t i o n   in   pump  d i s p l a c e m e n t   ( o u t p u t   f l o w ) ,   so  t h a t  

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

e . g . ,   t h e   boom,  b e i n g   moved   w o u l d   n o t   be  o v e r s t r a i n e d  

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

o b t a i n e d   i f   a l l   of   t h e   a b o v e   c o u l d   be  a c c o m p l i s h e d  

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

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

u p s t a g e d   p r e s s u r e .   S t i l l   f u r t h e r ,   i t   w o u l d   b e  

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

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

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

of   e x c e s s i v e   p r e s s u r e   to  any  of   t h e   work   c i r c u i t s .  



D i s c l o s u r e   of  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   t o  

o v e r c o m i n g   one  or  more   of  t h e   p r o b l e m s   as  s e t   f o r t h  

a b o v e .  

A c c o r d i n g   to   one  a s p e c t   of   t h e   p r e s e n t  

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

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

f o r   d e l i v e r i n g   p r e s s u r i z e d   f l u i d   f r o m   t h e   pump  t o  

s e l e c t i v e l y   e n g a g e   a t   l e a s t   t h r e e   work  c i r c u i t s ,   a  

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

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

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

l e s s   t h a n   t h e   f i r s t   p r e s s u r e .   The  i m p r o v e m e n t   of   t h e  

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

a  t h i r d   of   t h e   c i r c u i t s   a t   an  u p s t a g e d   p r e s s u r e  
w h i c h   e x c e e d s   t h e   f i r s t   p r e s s u r e .  

B r i e f   D e s c r i p t i o n   of  D r a w i n g  

The  s i n g l e   f i g u r e   of  t h e   d r a w i n g   i s   a  

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

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

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

B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  

A d v e r t i n g   to  t h e   f i g u r e ,   t h e r e   i s   s h o w n  

t h e r e i n   a  h y d r a u l i c   s y s t e m   10  w h i c h   i s   p a r t i c u l a r l y  

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

an  e x c a v a t o r .   The  h y d r a u l i c   s y s t e m   10  i n c l u d e s   a  

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

d i s p l a c e m e n t   pump  12  f o r   p u m p i n g   h y d r a u l i c   f l u i d   f r o m  

a  sump  v i a   p r e s s u r i z e d   f l u i d   d e l i v e r y   means   16  t o  

s e l e c t i v e l y   e n g a g e   a t   l e a s t   t h r e e   work   c i r c u i t s   1 8 .  

In  t h e   e m b o d i m e n t   i l l u s t r a t e d ,   t h e   t h r e e   work   c i r c u i t s  

18  a r e   a  f i r s t   work   c i r c u i t   20,  a  s e c o n d   work   c i r c u i t  

22  and  a  t h i r d   work   c i r c u i t   2 4 .  



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

a p p a r e n t ,   t h e   f i r s t   work   c i r c u i t   20  i s   n o r m a l l y  

o p e r a b l e   up  to   a  f i r s t   p r e s s u r e ,   e . g . ,   2 8 , 0 0 0   k P a  

.  ( 4 , 0 6 1   p s i )   and   t h e   s e c o n d   work   c i r c u i t * 2 2   i s   n o r m a l l y  

o p e r a b l e   up  to   a  s e c o n d   p r e s s u r e ,   e . g . ,   2 5 , 0 0 0   k P a  

( 3 , 6 2 6   p s i ) ,   w h i c h   i s   l e s s   t h a n   t h e   f i r s t   p r e s s u r e .  
The  pump  12  c o n v e n t i o n a l l y   i n t e r n a l l y   a d j u s t s  

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

f i r s t   wo rk   c i r c u i t   20  m i g h t   t y p i c a l l y   be  a  t r a c k   d r i v e  

c i r c u i t   of  an  e x c a v a t o r   t h e   s e c o n d   c i r c u i t  2 2   m i g h t  

be  a  s t i c k   c o n t r o l   c i r c u i t   and  t h e   t h i r d   c i r c u i t   2 4  

m i g h t   be  a  boom  c o n t r o l   c i r c u i t .  

The  p r e s s u r i z e d   f l u i d   d e l i v e r y   means   1 6  

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

c o n t r o l   v a l v e s   26c ,   26b  and   26a ,   r e s p e c t i v e l y   of   w o r k  

c i r c u i t s   24,  22  and  20.  T h a t   i s ,   t h e   v a l v e   2 6 c  

c o n t r o l s   f l o w   t h e r e t h r o u g h   to   t h e   v a l v e   26b ,   w h i c h   i n  

t u r n   c o n t r o l s   f l o w   t h e r e t h r o u g h   to   t h e   v a l v e   2 6 a .  

H e n c e ,   e v e n   i f   t h e   v a l v e   26c  i s   p a r t i a l l y   s h i f t e d  

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

to   t h e   v a l v e  2 6 b ,   and  t h e r e t h r o u g h   to   t h e   v a l v e   2 6 a .  

In  t h e   e m b o d i m e n t   i l l u s t r a t e d ,   t h e   m a i n  

c o n t r o l   v a l v e s   26a ,   26b  and  26c  a r e   c o n t r o l l e d  

r e s p e c t i v e l y   by  p i l o t   c o n t r o l   v a l v e s   28a ,   28b  and  2 8 c  

w h i c h   r e c e i v e   p r e s s u r i z e d   f l u i d   f l o w   f r o m   a  p i l o t   p u m p  
30.  When  f l o w   f r o m   p i l o t   pump  30  i s   b e i n g   s u p p l i e d  

v i a   p i l o t   c o n t r o l   v a l v e   28a  to   f i r s t   work   c i r c u i t   2 0 ,  

e i t h e r   l i n e   32a  or   l i n e   34a  i s   p r e s s u r i z e d .   T h e  

p r e s s u r e   of   t h e   h i g h e r   p r e s s u r e   of   l i n e s   32a  and  3 4 a  

i s   s u p p l i e d   by  a  r e s o l v e r   36  to   a  p r e s s u r e   c o n t r o l   l i n e  

38.  T h i s   p r e s s u r e   i s   l a t e r   u t i l i z e d ,   in   a  m a n n e r   w h i c h  

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

d e l i v e r e d   by  t h e   p r e s s u r i z e d   f l u i d   d e l i v e r y   means   16  

to   t h e   work   c i r c u i t s   20,   22  and  2 4 .  



When  t h e   p i l o t   c o n t r o l   v a l v e   28b  i s   o p e r a t e d ,  

e i t h e r   l i n e   32b  or  l i n e   34b  i s   p r e s s u r i z e d .   A  r e s o l v e r  

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

42.  The  p r e s s u r e   in   t h e   c o n d u i t   42  a n d  t h e   p r e s s u r e   i n  

t h e   p r e s s u r e   c o n t r o l   l i n e   38  a r e   b o t h   f e d   to   a  r e s o l v e r  

44.  The  h i g h e r   of  t h e s e   p r e s s u r e s   i s   d e l i v e r e d   to  a n  

u p s t a g e d   p r e s s u r e   b l o c k i n g   c o n d u i t   46  and  u t i l i z e d   i n  

a  m a n n e r   w h i c h   w i l l   be  e x p l a i n e d   b e l o w .  

When  t h e   p i l o t   c o n t r o l   v a l v e   28c  i s   o p e r a t e d ,  

e i t h e r   l i n e   32c  or  l i n e   34c  i s   p r e s s u r i z e d .   L i n e   3 4 c  

i s   p r e s s u r i z e d   d u r i n g   boom  l i f t i n g   o p e r a t i o n .  

In  n o r m a l   ( n o n u p s t a g e d )   o p e r a t i o n ,   p r e s s u r e  
r e l i e f   v a l v e   c i r c u i t r y   48  l i m i t s   t h e   p r e s s u r e   s u p p l i e d  

by  t h e   p r e s s u r i z e d   f l u i d   d e l i v e r y   means   16.  F l u i d  

f rom  t he   pump  12  p a s s e s   i n t o   a  m a i n   c o n d u i t   50  f r o m  

w h e n c e   i t   f l o w s   to   a  f i r s t   end  52  of   a  b o r e   54  in  a  

body   56.  A  ma in   dump  s p o o l   58  s i t s   in   r e c i p r o c a l  

r e l a t i o n s h i p   w i t h i n   t h e   b o r e   54.  A  s p r i n g   60  a c t s  

b e t w e e n   a  s e c o n d   end  62  of   t h e   b o r e   54  and  t h e   s p o o l  

58.   T h u s ,   t h e   s p r i n g   60  s e r v e s   as  means   f o r   b i a s i n g  

a  f i r s t   end  64  of  t h e   s p o o l   58  i n t o   b l o c k i n g   r e l a t i o n  

w i t h   t h e   f i r s t   end  52  of   t h e   b o r e   54.   A  r e s t r i c t e d  

o r i f i c e   66  c o m m u n i c a t e s   t h e   f i r s t   end  64  of   t h e   s p o o l  

58  w i t h   s e c o n d   end  68  t h e r e o f .   As  p r e s s u r e   b u i l d s  

up  in  t h e   ma in   c o n d u i t   50,  p r e s s u r i z e d   f l u i d   p a s s e s  
v i a   t h e   r e s t r i c t e d   o r i f i c e   66  t h r o u g h   t h e   dump  s p o o l  

58.  T h e r e b y ,   a  s i m i l a r   p r e s s u r e   b u i l d s   up  a t   t h e  

s e c o n d   end  62  of  t h e   b o r e   5 4 .  

A  f i r s t   r e l i e f   v a l v e   70,  e . g . ,   a  p o p p e t  
r e l i e f   v a l v e ,   i s   p r o v i d e d   w h i c h   i s   s e t   to   o p e n   a t   t h e  

f i r s t   p r e s s u r e   ( e . g . ,   2 8 , 0 0 0   k P a ) .   The  f i r s t   r e l i e f  

v a l v e   70  c o m m u n i c a t e s   v i a   a  c o n d u i t   72  w i t h   t h e   s e c o n d  

end  62  of  t h e   b o r e   54.  T h u s ,   t h e   f i r s t   r e l i e f   v a l v e  

70  i s   e x p o s e d   to  t h e   p r e s s u r e   in  t h e   m a i n   c o n d u i t   5 0 .  

The  f i r s t   r e l i e f   v a l v e   70  t h e r e b y   s e r v e s   as  a  f i r s t  

p i l o t   s t a g e   of  t h e   main   dump  s p o o l   5 8 .  



A  s e c o n d   r e l i e f   v a l v e   74,  e . g . ,   a  p o p p e t  

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

( e . g . ,   2 5 , 0 0 0   k P a ) .   The  s e c o n d   r e l i e f  v a l v e  7 4  

c o m m u n i c a t e s   w i t h   t h e   s e c o n d   end   62  of   t h e   b o r e   5 4  

v i a   a  c o n d u i t   76  and   a  c o n t i n u a t i o n   c o n d u i t   78.  T h e  

s e c o n d   r e l i e f   v a l v e   74  t h e r e b y   s e r v e s   as  a  s e c o n d  

p i l o t   s t a g e   of   t h e   ma in   r e l i e f   dump  s p o o l   5 8 .  

An  u p s t a g e d   p r e s s u r e   ( e . g . ,   3 1 , 0 0 0   kPa  o r  

4 , 4 9 6   p s i )   o p e n i n g   r e l i e f   v a l v e   80,  e . g . ,   a  p o p p e t  

r e l i e f   v a l v e ,   c o m m u n i c a t e s   w i t h   t h e   s e c o n d   end  62  o f  

t h e   b o r e   54  v i a   t h e   c o n d u i t   76  and  a  c o n t i n u a t i o n  

c o n d u i t   82.  The  u p s t a g e d   p r e s s u r e   o p e n i n g   r e l i e f  

v a l v e   80  t h e r e b y   s e r v e s   as  an  u p s t a g e d   p i l o t   s t a g e  

of   t h e  m a i n   r e l i e f   dump  s p o o l   ( 5 8 ) .  

W h e n   e i t h e r   t h e   f i r s t   r e l i e f   v a l v e  7 0 ,   t h e  

s e c o n d   r e l i e f   v a l v e   74,  or   t h e   u p s t a g e d   p r e s s u r e  

o p e n i n g   r e l i e f  v a l v e   80  i s   o p e n e d   by  an  a p p r o p r i a t e  

p r e s s u r e   b e i n g   e x e r t e d   t h e r e u p o n ,   a  p r e s s u r e  
d i f f e r e n t i a l   i s   c r a t e d   a c r o s s   t h e   dump  s p o o l   5 8  

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

f o r c e   of   t h e   s p r i n g   60.  A  p l u r a l i t y  o f   h o l e s   84  

t h r o u g h   t h e   s i d e   of   t h e   deep  s p o o l   58  a d j a c e n t  t h e  

f i r s t   end   64  t h e r e o f   and  a  c o n d u i t   86  t h e n   s e r v e   a s  

m e a n s  f o r   c o m m u n i c a t i n g  t h e   f i r s t   end  52  of   t h e  

b o r e   54  w i t h   t h e   sump  14  r e s p o n s i v e   to   u p w a r d  

m o v e m e n t   of  dump  s p o o l   5 8 .  

Means  90  a r e   p r o v i d e d   f o r  b l o c k i n g   o f f  

c o m m u n i c a t i o n   of   t h e   s e c o n d   end   62  o f   t h e   b o r e   54  w i t h  

t h e   s e c o n d   c h e c k   v a l v e   74  r e s p o n s i v e   to   e n g a g e m e n t   o f  

t h e   f i r s t   c i r c u i t   20.  When  t h e   f i r s t   c i r c u i t   20  i s  

e n g a g e d ,   p r e s s u r e   f rom  t h e   p r e s s u r e   c o n t r o l   l i n e   38  i s  

d e l i v e r e d   v i a   a  r e s o l v e r   92  and  a  p r e s s u r e   d e l i v e r y  

c o n d u i t   94  to   a  f i r s t   end  96  of   a  b l o c k i n g   s p o o l   9 8  

w h i c h   f i t s   in   a  b o r e   100 .   A  s p r i n g   102  a c t s   a g a i n s t  

a  s e c o n d   end  104  of  t h e   b l o c k i n g   s p o o l - 9 8   t o  f o r c e   i t  

u p w a r d l y   i n t o   t h e   p o s i t i o n   shown  in   t h e   d r a w i n g .   W h e n  



p r e s s u r e   ( p i l o t   p r e s s u r e )   i s   a p p l i e d   in  t h e   p r e s s u r e  

d e l i v e r y   c o n d u i t   94,  t h i s   f o r c e s   t h e   b l o c k i n g   s p o o l   98  

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

78.  When  t h e   c o n t i n u a t i o n   c o n d u i t   78  i s   b l o c k e d   o f f ,  

t h i s   p r e v e n t s   p r e s s u r e   f rom  t h e   s e c o n d   end  62  of   t h e  

b o r e   54  f rom  b e i n g   a p p l i e d   to   t h e   s e c o n d   r e l i e f   v a l v e  

74.  T h u s ,   t h e   dump  s p o o l   58  d o e s   n o t   dump  p r e s s u r e  

f rom  t h e   main   c o n d u i t   50  a t   t h e   l o w e r   p r e s s u r e ,   i . e . ,  

a t   t h e   a f o r e m e n t i o n e d   s e c o n d   p r e s s u r e   ( e . g .   25000  k P a ) .  

I n s t e a d ,   when  t h e   p r e s s u r e   in  t h e   ma in   c o n d u i t   5 0  

r e a c h e s   t h e   f i r s t   p r e s s u r e   ( e . g . ,   2 8 , 0 0 0   k P a ) ,   t h e  

f i r s t   r e l i e f   v a l v e   70  o p e n s   w h i c h   c a u s e s   t h e   d u m p  

s p o o l   58  to  l i m i t   t h e   p r e s s u r e   d e l i v e r e d   by  t h e   p u m p  

12  to  t h e   f i r s t   p r e s s u r e .  
Means  106  a r e   p r o v i d e d   f o r   b l o c k i n g   f l o w  

f rom  t h e   s e c o n d   end  62  of   t h e   b o r e   54  p a s t   b o t h   t h e  

f i r s t   r e l i e f   v a l v e   70  and  t h e   s e c o n d   r e l i e f   v a l v e   74  

r e s p o n s i v e   to   e n g a g e m e n t   of  t h e   t h i r d   c i r c u i t   24  a t  

t h e   u p s t a g e d   p r e s s u r e .   R e f e r r i n g   to  t h e   d r a w i n g ,   t o  

p l a c e   t h e   t h i r d   c i r c u i t   24  in   t h e   u p s t a g e   p r e s s u r e  
mode  of  o p e r a t i o n ,   t h e   p i l o t   c o n t r o l   v a l v e   2 0  i s  

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

v a l v e   26c  u p w a r d l y .   F u r t h e r ,   a  s o l e n o i d   a c t u a t e d  

v a l v e   108  i s   s h i f t e d   r i g h t w a r d l y   f rom  t h e   p o s i t i o n  

s h o w n ,   on  o p e r a t o r   a c t i v a t i o n   of  a  s w i t c h .   T h e  

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

110  a g a i n s t   a  f i r s t   s i d e   112  of   a  two  p o s i t i o n   v a l v e  

114.   I f   e i t h e r   t h e   f i r s t   c i r c u i t   20  or   t h e   s e c o n d  

c i r c u i t   22  i s   o p e r a t i n g ,   p r e s s u r e   in   t h e   u p s t a g e  

p r e s s u r e   b l o c k i n g   c o n d u i t   46  o p p o s e s   t h e   p r e s s u r e   i n  

t he   b r a n c h   c o n d u i t   110  and  t h e   two  p o s i t i o n   v a l v e   114  

r e m a i n s   in   t h e   p o s i t i o n   s h o w n ,   due   to   t h e   b i a s i n g   o f  

a  s p r i n g   116  and  t h e   p r e s s u r e   in   t h e   b l o c k i n g   c o n d u i t  

46  w h i c h   a c t s   a g a i n s t   a  s e c o n d   s i d e   118  t h e r e o f .  



So  l o n g   as  n e i t h e r   t h e   f i r s t   c i r c u i t   20  n o r  

t h e   s e c o n d   c i r c u i t   22  i s   o p e r a t i n g ,   t h e r e   i s   n o  

p r e s s u r e   in   t h e   u p s t a g e   p r e s s u r e   b l o c k i n g   c o n d u i t   4 6 .  

In  t h i s   s i t u a t i o n ,   t h e   p r e s s u r e   in   t h e   b r a n c h   c o n d u i t  

110  f o r c e s   t h e   two  p o s i t i o n   v a l v e   114  l e f t w a r d l y .  

T h i s   d e l i v e r s   p i l o t   p r e s s u r e   v i a   a  c o n d u i t   120  to   t h e  

s o l o n o i d   a c t u a t e d   v a l v e   108.   W i t h   t h e   s o l e n o i d  

a c t u a t e d   v a l v e   108  in   i t s   a c t u a t e d   p o s i t i o n ,   i . e . ,  

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

120  v i a   a  c o n d u i t   122  to   t h e   r e s o l v e r   9 2 .   S i n c e   t h e r e  

i s   now  no  p r e s s u r e   in   t h e   p r e s s u r e   c o n t r o l   l i n e   3 8  

(as  t h e   f i r s t   c i r c u i t   20  i s   n o t   o p e r a t i n g ) ,   t h e  

p r e s s u r e   f r o m   t h e   c o n d u i t   122  i s   s u p p l i e d   v i a   t h e  

r e s o l v e r   9 2  t o   t h e   p r e s s u r e   d e l i v e r y   c o n d u i t   94.  I n  

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

o p e r a t i o n ,   t h i s   f o r c e s   t h e   b l o c k i n g   s p o o l   9 8  

d o w n w a r d l y   and  b l o c k s   o f f   t h e   s e c o n d   r e l i e f  v a l v e   7 4 .  

P r e s s u r e   in   t h e   c o n d u i t   122  a l s o   a c t s   v i a   a  b r a n c h  

c o n d u i t   124  a g a i n s t   an  a u x i l i a r y   b l o c k i n g   v a l v e   1 2 6  

and  f o r c e s   t h e   a u x i l i a r y   b l o c k i n g   v a l v e   1 2 6  

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

p o s s i b i l i t y   of  f l o w   p a s t   t h e   f i r s t   r e l i e f   v a l v e   7 0 .  

T h u s ,   t h e   f i r s t   r e l i e f   v a l v e   70  i s   l i k e w i s e  

i n c a p a c i t a t e d .   F low  can   s t i l l ,   h o w e v e r ,   o c c u r   f r o m  

t h e   s e c o n d   end  62  of   t h e   b o r e   54  to   t h e   u p s t a g e  

p r e s s u r e   o p e n i n g   r e l i e f   v a l v e   80.  And,   when  p r e s s u r e  
r e a c h e s   i t s   u p s t a g e   v a l u e   ( e . g . ,   3 1 , 0 0 0   k P a ) ,   t h e  

u p s t a g e   r e l i e f   v a l v e   80  o p e n s ,   w h e r e b y   t h e   d u m p  

s p o o l   58  o p e n s ,   t h e r e b y   r e g u l a t i n g   p r e s s u r e   in   t h e  

main   c o n d u i t   50  to   be  t h e   u p s t a g e   p r e s s u r e .  

P r e s s u r e   in   t h e   c o n d u i t   122  i s   a l s o   s u p p l i e d  

v i a   a  d i s p l a c e m e n t   c o n t r o l   c o n d u i t   128  to   a  

c o n v e n t i o n a l   pump  d i s p l a c e m e n t   c o n t r o l   130.  R e s p o n s i v e  

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

128 ,   t h e   v a r i a b l e   d i s p l a c e m e n t   pump  12  s h i f t s   to   a  

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



f l u i d   a t   a  l o w e r   f l o w   r a t e .   T h i s   a s s u r e s   t h a t   w h e n  

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

t h i r d   c i r c u i t   24,  i t   i s   t a k i n g   p l a c e   a t   a  r e l a t i v e l y  

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

b e i n g   moved  by  t h i r d   c i r c u i t   24  a r e   n o t   s t r a i n e d  

b e y o n d   t h e i r   l i m i t s .  

I t   w i l l   be  n o t e d   t h a t   a  two  p o s i t i o n   v a l v e  

132  i s   p o s i t i o n e d   in   t h e   p r e s s u r e   c o n t r o l   l i n e   3 8 .  

The  two  p o s i t i o n   v a l v e   132  s e r v e s   to  a s s u r e   t h a t   w h e n  

t h e   s e c o n d   c i r c u i t   22  i s   e n g a g e d ,   t h e   p r e s s u r e  

d e l i v e r e d   by  t he   pump  12  to   t h e   ma in   c o n d u i t   50  i s  

l i m i t e d   to  t h e   s e c o n d   p r e s s u r e .   I f ,   f o r   e x a m p l e ,  

t h e   f i r s t   c i r c u i t   20  i s   e n g a g e d ,   t h e   ma in   l i n e   50  

w i l l   be  l i m i t e d   to   t h e   f i r s t   p r e s s u r e   ( e . g . ,   2 8 , 0 0 0  

kPa)  as  has   b e e n   p r e v i o u s l y   e x p l a i n e d .   I f   t h e   p i l o t  

c o n t r o l   v a l v e   28b  i s   now  moved  to   e n g a g e   t h e   s e c o n d  

c i r c u i t   22,  p r e s s u r e   f rom  t h e   c o n d u i t   42  i s   a p p l i e d  

v i a   a  b r a n c h   c o n d u i t   134  a g a i n s t   t h e   two  p o s i t i o n  

v a l v e   132,   in   o p p o s i t i o n   to   t h e   b i a s i n g   t h e r e o f   b y  

a  s p r i n g   136.   The  p r e s s u r e   in   t h e   b r a n c h   c o n d u i t  

134  o v e r c o m e s   t h e   f o r c e   of  t h e   s p r i n g   136  a n d  

f o r c e s   t h e   two  p o s i t i o n   v a l v e   132  u p w a r d l y .   T h i s  

b l o c k s   o f f   p r e s s u r e   f rom  t h e   p r e s s u r e   c o n t r o l   l i n e  

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

c o n d u i t   94.  As  a  r e s u l t ,   t h e   b l o c k i n g   s p o o l   98  

moves   u p w a r d l y   and  p r e s s u r e   b e g i n s   to   be  d e l i v e r e d  

a g a i n   to  t h e   c o n t i n u a t i o n   c o n d u i t   78  and  t h e   s e c o n d  

c h e c k   v a l v e   74.  S i n c e   t h e   s e c o n d   c h e c k  v a l v e   74  i s  

s e t   a t   t h e   s e c o n d   p r e s s u r e   ( e . g . ,   2 5 , 0 0 0   k P a ) ,   w h i c h  

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

m a i n l i n e   50  i s   l i m i t e d   to   t h e   s e t t i n g   of  t h e   s e c o n d  

r e l i e f   v a l v e   74.  In  t h i s   m a n n e r ,   i t   i s   a s s u r e d  

t h a t   t h e   s e c o n d   c i r c u i t   22  can  n o t   be  e x p o s e d   to  a  

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



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

108 ,   in   c o m b i n a t i o n   w i t h   t h e   two  p o s i t i o n   v a l v e   1 1 4  

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

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

24  a t   an  u p s t a g e d   p r e s s u r e   w h i c h   e x c e e d s   t h e   f i r s t  

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

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

of   t h e   pump  12,   in   r e s p o n s e   to   t h e   t h i r d   c i r c u i t   24  

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

I t   a l s o   f o l l o w s   t h a t   t h e   two  p o s i t i o n   v a l v e  

114  s e r v e s   as  means   f o r   p r e v e n t i n g   o p e r a t i o n   of   t h e  

t h i r d   c i r c u i t   24  a t   t h e   u p s t a g e d   p r e s s u r e   when  e i t h e r  

t h e   f i r s t   c i r c u i t   20  or   t h e   s e c o n d   c i r c u i t   22  i s  

e n g a g e d .   T h a t   i s ,   w h e n e v e r   t h e r e   i s   p r e s s u r e   in   t h e  

u p s t a g e d  p r e s s u r e   b l o c k i n g   c o n d u i t   46,  w h i c h  

c o r r e s p o n d s   to   e i t h e r   t h e   f i r s t   c i r c u i t   20  or   t h e  

s e c o n d   c i r c u i t   22  b e i n g   e n g a g e d ,   t h e   two  p o s i t i o n  

v a l v e   114  i s   b l o c k e d ,   t h u s   p r e v e n t i n g   u p s t a g e d  

o p e r a t i o n   of  t h e   t h i r d   c i r c u i t   2 4 .  

F u r t h e r m o r e ,   t h e   t h i r d   c i r c u i t   24  i s  

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

i s   g e n e r a l l y   no  g r e a t e r   t h a n   t h e   a f o r e m e n t i o n e d  

f i r s t   p r e s s u r e   and  u s u a l l y   no  g r e a t e r   t h a n   t h e  

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

c o n t r o l   v a l v e   28c  m o t i v a t e s   t h e   m a i n   c o n t r o l   v a l v e  

26c ,   w h i c h   r e c e i v e s   p r e s s u r i z e d   f l u i d   a t   a  p r e s s u r e  
d e t e r m i n e d   by  e i t h e r   f i r s t   r e l i e f   v a l v e   70  o r   s e c o n d  

r e l i e f   v a l v e   74  in  t h e   a b s e n c e   o f   s h i f t i n g   o f  

s o l e n o i d   v a l v e   108  r i g h t w a r d l y   and  s h i f t i n g   of   m a i n  

c o n t r o l   v a l v e   26c  u p w a r d l y ,   to   p l a c e   t h i r d   c i r c u i t  

24  in   t h e   u p s t a g e d   mode  of   o p e r a t i o n .   I f   i t   i s  

d e s i r e d   to   l i m i t   o p e r a t i o n   of   t h e   t h i r d   c i r c u i t   2 4  

to  t h e   s e c o n d   p r e s s u r e ,   t h i s   can   be  a c c o m p l i s h e d  

by  d u p l i c a t i n g   two  p o s i t i o n   v a l v e   132  or   p r o v i d i n g  

an  a p p r o p r i a t e   r e s o l v e r   f r o m   l i n e   32c  and  f r o m  

c o n d u i t   42  to  b r a n c h   c o n d u i t   1 3 4 .  



I t   s h o u l d   be  n o t e d   t h a t   when  t h e   f i r s t  

c i r c u i t   20  i s   e n g a g e d ,   t h e   r e s u l t i n g   p r e s s u r e   in  t h e  

u p s t a g e d   p r e s s u r e   b l o c k i n g   c o n d u i t   46  a s s u r e s ,   t h a t  

t h e   p r e s s u r e   d e l i v e r e d   by  t h e   pump  12  to   t h e   m a i n  

c o n d u i t   50  i s   r e d u c e d   to  t h e   f i r s t   p r e s s u r e .   I t  

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

22  i s   e n g a g e d ,   t h i s   o v e r r i d e s   t h e   p r e s s u r e   r e d u c i n g  

due  to  e n g a g e m e n t   of   t h e   f i r s t   c i r c u i t   20  and  a s s u r e s  

t h a t   t h e   p r e s s u r e   m u s t   be  r e d u c e d   f u r t h e r   to   t h e  

s e c o n d   p r e s s u r e .  
I t   s h o u l d   a l s o   be  n o t e d   t h a t   when  e i t h e r  

t h e   f i r s t   c i r c u i t   20  or   t h e   s e c o n d   c i r c u i t   22  i s  

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

t e r m i n a t e d   s i n c e   t h e r e   i s   no  s i g n a l   in   t h e  

d i s p l a c e m e n t   c o n t r o l   c o n d u i t   128 ,   due  to   t h e  

b l o c k a g e   of   t h e   two  p o s i t i o n   v a l v e   1 1 4 .  

I n d u s t r i a l   A p p l i c a b i l i t y  

The  a f o r e m e n t i o n e d   and  d e s c r i b e d   i m p r o v e d  

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

e x c a v a t o r   and  w h e r e i n   t h e   f i r s t   c i r c u i t   i s   a  t r a c k  

d r i v e   c i r c u i t ,   t h e   s e c o n d   c i r c u i t   i s   a  s t i c k  

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

c o n t r o l   c i r c u i t .   F u r t h e r ,   in   s u c h   an  e x c a v a t o r  

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

i s   n o r m a l l y   s e l e c t a b l e   o n l y   on  boom  r a i s i n g  

o p e r a t i o n .  



1.  In  a  h y d r a u l i c   s y s t e m   (10)  h a v i n g   a  

v a r i a b l e   d i s p l a c e m e n t   pump  (12)  a n d  m e a n s   (16)  f o r  

d e l i v e r i n g   p r e s s u r i z e d   f l u i d   f rom  s a i d   pump  (12)  t o  

s e l e c t i v e l y   e n g a g e   a t   l e a s t   t h r e e   work   c i r c u i t s   ( 1 8 ) ,  

a  f i r s t   (20)  of  s a i d   c i r c u i t s   (18)  b e i n g   n o r m a l l y  

o p e r a b l e   up  to   a  f i r s t   p r e s s u r e   l e v e l ,   a  s e c o n d   (22)  o f  

s a i d   c i r c u i t s   (18)  b e i n g   n o r m a l l y   o p e r a b l e   up  to   a  

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

p r e s s u r e   l e v e l   and  a  t h i r d   (24)  o f   s a i d   c i r c u i t s   ( 1 8 )  

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

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

i m p r o v e m e n t   c o m p r i s i n g :  

means   (80,   92,   94,  98,  108 ,   120 ,   122 ,   1 2 4 ,  

126)  f o r   s e l e c t i v e l y   o p e r a t i n g   s a i d   t h i r d   c i r c u i t   ( 2 4 )  

a t   an  u p s t a g e d   p r e s s u r e   l e v e l   w h i c h   e x c e e d s   s a i d   f i r s t  

p r e s s u r e   l e v e l .  

2.  The  i m p r o v e m e n t   as  in  c l a i m   1,  f u r t h e r  

i n c l u d i n g :  

means   (128)   f o r   r e d u c i n g   t h e   d i s p l a c e m e n t   o f  

s a i d   pump  (12)  in   r e s p o n s e   to   s a i d   t h i r d   c i r c u i t   ( 2 4 )  

b e i n g   o p e r a t e d   a t   s a i d   u p s t a g e d   p r e s s u r e   l e v e l .  

3.  The  i m p r o v e m e n t   as  i n   c l a i m   1,  f u r t h e r  

i n c l u d i n g :  

means   (114)   f o r   p r e v e n t i n g   o p e r a t i o n   of   s a i d  

t h i r d   c i r c u i t   (24)  a t   s a i d   u p s t a g e d   p r e s s u r e   l e v e l   i n  

r e s p o n s e   to  e n g a g e m e n t   of   s a i d   f i r s t   c i r c u i t   (20)  a n d  

in   r e s p o n s e   to   e n g a g e m e n t   of  s a i d   s e c o n d   c i r c u i t   ( 2 2 ) .  



4.  The  i m p r o v e m e n t   as  in  c l a i m   1,  f u r t h e r  

i n c l u d i n g :  

means   ( 132 ,   134)  f o r   l i m i t i n g   t h e   p r e s s u r e  

l e v e l   of   s a i d   p r e s s u r i z e d   f l u i d   d e l i v e r y   means   (16)  t o  

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

s a i d   s e c o n d   c i r c u i t   ( 2 2 ) .  

5.  The  i m p r o v e m e n t   as  in  c l a i m   2,  f u r t h e r  

i n c l u d i n g :  

means   (42 ,   44)  f o r   t e r m i n a t i n g   s a i d   r e d u c i n g  

of  s a i d   pump  d i s p l a c e m e n t   in   r e s p o n s e   to  e n g a g e m e n t   o f  

s a i d   s e c o n d   c i r c u i t   ( 2 2 ) .  

6.  The  i m p r o v e m e n t   as  in  c l a i m   2,  f u r t h e r  

i n c l u d i n g :  

means   (38,  44,  46)  f o r   l i m i t i n g   t h e   p r e s s u r e  
l e v e l   of   s a i d   p r e s s u r i z e d   f l u i d   d e l i v e r y   means   (16)  t o  

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

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

e n g a g e m e n t   of  s a i d   f i r s t   c i r c u i t   ( 2 0 ) .  

7.  The  i m p r o v e m e n t   as  in  c l a i m   1,  w h e r e i n  

s a i d   h y d r a u l i c   s y s t e m   (10)  i s   f o r   an  e x c a v a t o r ,   s a i d  

f i r s t   c i r c u i t   (20)  i s   a  t r a c k   d r i v e   c i r c u i t ,   s a i d  

s e c o n d   c i r c u i t   (22)  i s   a  s t i c k   c o n t r o l   c i r c u i t ,   s a i d  

t h i r d   c i r c u i t   (24)  i s   a  boom  c o n t r o l   c i r c u i t ,   and  s a i d  

u p s t a g e d   o p e r a t i n g   of  s a i d   boom  c o n t r o l   c i r c u i t   (24)  i s  

s e l e c t a b l e   o n l y   on  boom  r a i s i n g   o p e r a t i o n   t h e r e o f .  



8.  The  i m p r o v e m e n t   as  in   c l a i m   1 ,  

i n c l u d i n g   means   (48)  f o r   l i m i t i n g   t h e   p r e s s u r e  

s u p p l i e d   by  s a i d   p r e s s u r i z e d   f l u i d   d e l i v e r y   m e a n s  

( 1 6 ) ,   s a i d   means   (48)  i n c l u d i n g :  

a  body   (56)  h a v i n g   a  b o r e   ( 5 4 ) ;  

a  dump  s p o o l   (58)  in   s a i d   b o r e   ( 5 4 ) ;  

means   (50)  f o r   f l o w i n g   p r e s s u r i z e d   f l u i d  

f r o m   s a i d   pump  (12)  to   a  f i r s t   end  (52)  of   s a i d  

b o r e   ( 5 4 ) ;  

means   (60)  f o r  b i a s i n g   a  f i r s t   end  (64)  o f  

s a i d   s p o o l   (58)  i n t o   b l o c k i n g   r e l a t i o n   w i t h   s a i d  

f i r s t   end  (52)  of   s a i d   b o r e   ( 5 4 ) ;  

a  r e s t r i c t e d   o r i f i c e   (66)  c o m m u n i c a t i n g  

s a i d   f i r s t   end  (64)  of   s a i d   s p o o l   (58)  w i t h   a  s e c o n d  

end  (68)  of  s a i d   s p o o l   ( 5 8 ) ;  

a  f i r s t   r e l i e f   v a l v e . ( 7 0 )   b e i n g   a d a p t e d   t o  

open   in   r e s p o n s e   to  s a i d   s e c o n d   end  (62)  of   s a i d  

b o r e   (54)  b e i n g   a t   s a i d   f i r s t   p r e s s u r e   l e v e l ;  

a  s e c o n d   r e l i e f   v a l v e   (74)  b e i n g   a d a p t e d   t o  

o p e n   in   r e s p o n s e   to   s a i d   s e c o n d   end  (62)  of  s a i d  

b o r e   (54)  b e i n g   a t   s a i d   s e c o n d   p r e s s u r e   l e v e l ;  

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

(80)  b e i n g   a d a p t e d   to   open   in   r e s p o n s e   to   s a i d  

s e c o n d   end  (62)  of  s a i d   b o r e   (54)  b e i n g   a t   s a i d  

u p s t a g e d   p r e s s u r e   l e v e l ;  

means   (86)  f o r   c o m m u n i c a t i n g   s a i d   f i r s t   e n d  

(52)  of   s a i d   b o r e   (54)  w i t h   a  sump  (14)  in   r e s p o n s e  
to  u n b l o c k i n g   of   s a i d   f i r s t   end  (52)  of   s a i d   b o r e  

( 5 4 ) ;  

means   (9-0)  f o r   b l o c k i n g   c o m m u n i c a t i o n   o f  

s a i d   s e c o n d   end  (62)  of  s a i d   b o r e   (54)  w i t h   s a i d  

s e c o n d   r e l i e f   v a l v e   (74)  i n   r e s p o n s e   to   e n g a g e m e n t  

of  s a i d   f i r s t   c i r c u i t   ( 2 0 ) ;   a n d  



C l a i m   8  -   c o n t i n u e d  

means   (98,   106)  f o r   b l o c k i n g   f l o w   f r o m   s a i d  

s e c o n d   end  (62)  of  s a i d   b o r e   (54)  p a s t   s a i d   f i r s t  

r e l i e f   v a l v e   (70)  and  p a s t   s a i d   s e c o n d   r e l i e f   v a l v e  

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

(24)  a t   s a i d   u p s t a g e d   p r e s s u r e   l e v e l .  

9.  A  h y d r a u l i c   s y s t e m   ( 1 0 ) ,   c o m p r i s i n g :  

a  v a r i a b l e   d i s p l a c e m e n t   pump  ( 1 2 ) ;  

means   (16)  f o r   d e l i v e r i n g   p r e s s u r i z e d   f l u i d  

f rom  s a i d   pump  (12)  s e l e c t i v e l y   to   a  f i r s t   w o r k  

c i r c u i t   (20)  w h i c h   i s   n o r m a l l y   o p e r a b l e   up  to   a  f i r s t  

p r e s s u r e   l e v e l ,   a  s e c o n d   work   c i r c u i t   (22)  w h i c h   i s  

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

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

work   c i r c u i t   (24)  w h i c h   i s   n o r m a l l y   o p e r a b l e   up  to   a  

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

p r e s s u r e   l e v e l ;  

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

c i r c u i t   (24)  a t   an  u p s t a g e d   p r e s s u r e   l e v e l   w h i c h  

e x c e e d s   s a i d   f i r s t   p r e s s u r e   l e v e l ;  

a  n o r m a l l y   c l o s e d   ma in   r e l i e f   v a l v e   ( 5 8 )  

b e t w e e n   s a i d   sump  (14)  and  s a i d   means   ( 1 6 ) ;  

a  f i r s t   p i l o t   s t a g e   (70)  of  t h e   ma in   r e l i e f  

v a l v e   (58)  b e i n g   a d a p t e d   to  open   in   r e s p o n s e   t o  

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

a  s e c o n d   p i l o t   s t a g e   (74)  of  t h e   m a i n  

r e l i e f   v a l v e   (58)  b e i n g   a d a p t e d   to   o p e n   in   r e s p o n s e  
to  a p p l i c a t i o n   t h e r e t o   of  s a i d   s e c o n d   p r e s s u r e  
l e v e l ;  

an  u p s t a g e d   p i l o t   s t a g e   (80)  of  t h e   m a i n  

r e l i e f   v a l v e   (58)  a d a p t e d   to  open   in  r e s p o n s e   t o  

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

means   (66)  f o r   o p e n i n g   s a i d   ma in   r e l i e f  

v a l v e   (58)  in  r e s p o n s e   to  o p e n i n g   of  any  of  s a i d  

p i l o t   s t a g e s   (70,   74,  8 0 ) ;  



means   (90)  f o r   p r e v e n t i n g   o p e n i n g   of   s a i d  

s e c o n d   p i l o t   s t a g e   (74)  in   r e s p o n s e   to   o p e r a t i o n   o f  

s a i d   f i r s t   c i r c u i t   (20)  a t   s a i d   f i r s t   p r e s s u r e   l e v e l  

and   in   r e s p o n s e   to   o p e r a t i n g   of   s a i d   t h i r d   c i r c u i t  

(24)  a t   s a i d   u p s t a g e d   p r e s s u r e   l e v e l ;  

means   (106)  f o r   p r e v e n t i n g   o p e n i n g   of   s a i d  

f i r s t   p i l o t   s t a g e   (70)  in   r e s p o n s e   to   e n g a g e m e n t   o f  

s a i d   t h i r d   c i r c u i t   (24)  a t   s a i d   u p s t a g e d   p r e s s u r e  
l e v e l .  

10.  The  h y d r a u l i c   s y s t e m   (10)  as  in   c l a i m  

9,  f u r t h e r   i n c l u d i n g :  

means   (114)  f o r   p r e v e n t i n g   o p e r a t i o n   o f  

s a i d   t h i r d   c i r c u i t   (24)  a t   s a i d   u p s t a g e d   p r e s s u r e  

l e v e l   in   r e s p o n s e   to   e n g a g e m e n t   of   s a i d   f i r s t   c i r c u i t  

(20)  and  in   r e s p o n s e   to   e n g a g e m e n t   o f   s a i d   s e c o n d  

c i r c u i t   ( 2 2 ) .  
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