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A  hydraulic  drive  system  (2)  for  civil  engineering  and 
construction  machinery  in  which  at  least  first  and  second 
hydraulic  circuits  (8  and  10)  having  at  least  first  and  second 
hydraulic  pumps  (4  and  6),  respectively,  are  provided  for 
driving  a  plurality  of  actuators  such  as  left  and  right 
travelling  actuators  (56  and  58),  a  boom  actuator  (50)  and  an 
arm  actuator  (52).  The  first  circuit  has  in  its  first  valve  group 
(16)  a  first  travelling  directional  control  valve  (32)  for  one  of 
the  left  and  right travelling  actuators,  a  first  boom  directional 
control  valve  (26)  for  the  boom  actuator  and  a  first  arm 
directional  control  valve  for  the  arm  actuator  (52),  the  first 
boom  and  arm  valves  being  connected  to  the  first  pump  in  a 
position  upstream  of the  first  travelling  valve  so  as  to  be  able 
to  receive  a  hydraulic  fluid  supply  from  the  first  pump  by 
taking  priority  over  the  first  travelling  valve.  The  second 
circuit  has  in  its  second  valve  group  (18)  a  second  travelling 
directional  control  valve  (38)  for  the  other  of  the  left  and  right 
travelling  actuators  and  a  second  boom  directional  control 
valve  (44)  for  the  boom  actuator  and/or  a  second  arm 
directional  control  valve  (40)  for  the  arm  actuator,  the  second 
travelling  valve  being  connected  to  the  second  pump  in  a 
position  upstream  of  the  second  boom  valve  and/or  the 
second  arm  valve  so  as  to  be  able  to  receive  hydraulic  fluid 
supply  from  the  second  pump  by  taking  priority  over  the 
second  valves.  A  bypass  circuit  (62)  having  a  bypass  line  (60) 
extending  between  the  second  pump  and  the  one  travelling 
actuator  is  arranged  whereby  a  hydraulic  fluid  supply  from 

the  second  pump  can  be  received  by the  first  travelling  valve 
when  at  least  one  of  the  valves  of the  first  group  upstream  of 
the  first travelling  valve  (32)  which  include  the  boom  and  arm 
valves  (26,  28)  is  actuated. 





BACKGROUND  OF  THE  INVENTION 

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

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

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

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

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

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

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

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

and  r i g h t   t r a v e l l i n g   m e m b e r s ,   a  boom,   an  arm  and  a  b u c k e t  

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

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

l i n g   m o t o r s ,   a  boom  c y l i n d e r ,   an  arm  c y l i n d e r   and  a  

b u c k e t   c y l i n e r   of  a  h y d r a u l i c   d r i v e   s y s t e m .   The  h y d r a u l i c  

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

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

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

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

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

pump  t h e r e b y   to  c o n t r o l   t he   o p e r a t i o n   of   t h e   a c t u a t o r s .  

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

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

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

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

The  p a r a l l e l   c o n n e c t i o n   of   t h e   d i r e c t i o n a l  



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

to   be  s i m p l i f i e d   in   c o n s t r u c t i o n   and  p e r m i t s   a  p l u r a l i t y  

of   a c t u a t o r s   to   be  s i m u l t a n e o u s l y   d r i v e n .   H o w e v e r ,  

when  a  p l u r a l i t y   of   a c t u a t o r s   a r e   s i m u l t a n e o u s l y   d r i v e n  

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

in   e f f e c t i n g   c o n t r o l   a c c u r a t e l y   b e c u a s e   a c t u a t o r  

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

p r e s s u r e   t h e r e o f .   Fo r   e x a m p l e ,   when  t h e   h y d r a u l i c  

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

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

h y d r a u l i c   pumps  r e s p e c t i v e l y ,   i f   an  a t t e m p t   i s   made  t o  

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

b u c k e t   c y l i n d e r   c o n n e c t e d   in   p a r a l l e l   w i t h   one  of  t h e  

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

in   z i g z a g   f a s h i o n .   M o r e o v e r ,   when  an  i n o r d i n a t e l y   l a r g e  

d i f f e r e n c e   in   w o r k i n g   p r e s s u r e . b e t w e e n   a c t u a t o r s   p e r -  

f o r m i n g   c o m b i n e d   o p e r a t i o n s   i s   c a u s e d   due  to   v a r y i n g  

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

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

p r e s s u r e   and  t h e   o t h e r   a c t u a t o r   or  a c t u a t o r s   w o u l d   b e  

r e n d e r e d   i n o p e r a t i v e .  

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

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

p r o p o s a l s   h a v e   b e e n   made  r e c e n t l y   to   c o n n e c t   t h e   p l u r a l i t y  

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

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

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

i s   d e s c r i b e d   in   US  P a t e n t   S p e c i f i c a t i o n   4 , 1 1 2 , 8 2 1 .  



The  h y d r a u l i c   d r i v e   s y s t e m   d i s c l o s e d   in  t h i s   US 

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

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

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

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

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

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

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

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

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

v a l v e s .   By  t h i s   c o n s t r u c t i o n a l   f e a t u r e ,   t h e   s y s t e m   a i m s  

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

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

i n d e p e n d e n t l y   of  one  a n o t h e r   by  v i r t u e   of  t h e   t a n d e m  

c o n n e c t i o n   of  t h e   d i r e c t i o n a l   c o n t r o l   v a l v e s .   H o w e v e r ,  

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

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

c o n s e q u e n t l y   t h e   s y s t e m   has   had   p r a c t i c a l   v a l u e   o n l y   i n  

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

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

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   i s   c o n n e c t e d   in  t a n d e m  

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

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

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

t r a v e l l i n g   m o t o r   and  t h e   boom  c y l i n d e r ,   so  t h a t   i t   i s  

i m p o s s i b l e   to  p e r f o r m   t r a v e l l i n g   and  boom  c o m b i n e d  

o p e r a t i o n s .  

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



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

t r a v e l l i n g   m o t o r   and  t h e   arm  c y l i n d e r   t h e r e b y   to   p e r m i t  

t r a v e l   and   arm  c o m b i n e d   o p e r a t i o n s   to  be  p e r f o r m e d .  

H o w e v e r ,   t h e   l e f t   t r a v e l l i n g   m o t o r   and  t h e   arm  c y l i n d e r  

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

t h e r e o f ,   so  t h a t   when  t h e   l e f t   t r a v e l l i n g   m o t o r   has   a  

l o w e r   w o r k i n g   p r e s s u r e   t h e   arm  w o u l d   n o t   o p e r a t e .   F o r  

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

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

and  makes   i t   i m p o s s i b l e   f o r   t h e   arm  to  o p e r a t e   s i m u l t a n e -  

o u s l y .   A l s o ,   when  t h e   h y d r a u l i c   s h o v e l   t r i e s   to  e s c a p e  

f rom  t h e   muddy  g r o u n d ,   t h e   o p e r a t o r   of  t h e   h y d r a u l i c  

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

by  p u l l i n g   t h e   arm  t o w a r d   h im.   In  s u c h   c a s e ,   i t   w o u l d   b e  

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

muddy  g r o u n d   b e c a u s e   of   low  w o r k i n g   p r e s s u r e   of   t h e  

t r a v e l l i n g   m o t o r s .   A l s o ,   when  i t   i s   d e s i r e d   to   r a i s e  

t h e   arm  w h i l e   t r a v e l l i n g   a f t e r   l i f t i n g   an  a r t i c l e   w i t h   t h e  

b u c k e t ,   i t   w o u l d   be  i m p o s s i b l e   to  a t t a i n   t h e   end  o f  

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

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

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

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

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

t he   d o w n s t r e a m   s i d e   of   t h e   l a t t e r .   T h i s   makes   i t   i m p o s s i b l e  

to  p e r f o r m   boom,   arm  and  b u c k e t   s i m u l t a n e o u s   c o m b i n e d   o p e r a -  

t i o n s   and  s w i v e l l i n g ,   boom,   arm  and  b u c k e t   s i m u l t a n e o u s   c o m -  

b i n e d .  o p e r a t i o n s .   A l s o ,   t h e   a r r a n g e m e n t   w h e r e b y   t h e   b o o m  



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

m o t o r   on  t h e   d o w n s t r e a m   s i d e   of  t h e   l a t t e r   makes   i t  

i m p o s s i b l e   to   p e r f o r m   t r a v e l l i n g ,   boom  and  arm  s i m u l t a n e o u s  

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

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

M o e v e r o ,   in   t h e   h y d r a u l i c   d r i v e   s y s t e m   of  t h e  

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

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

t i o n s   can  be  p e r f o r m e d   i n d e p e n d e n t l y   of  e a c h   o t h e r ,   r e l i e f  

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

of  t h e   s w i n g   b e c a u s e   of   i t s   h i g h   i n e r t i a ,   so  t h a t   t h e  

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

SUMMARY  OF  THE  INVENTION 

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

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

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

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

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

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

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

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

t i o n s   i n c l u d i n g   boom,   arm  and  b u c k e t   o p e r a t i o n s   and  f o u r  

c o m b i n e d   o p e r a t i o n s   i n c l u d i n g   s w i n g ,   boom,  arm  and  b u c k e t  

o p e r a t i o n s .  

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

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

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



o p e r a t i o n s   i n c l u d i n g   t r a v e l l i n g ,   boom  and  arm  o p e r a t i o n s  

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

s w i n g ,   t r a v e l l i n g   and  boom  o p e r a t i o n s .  

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

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

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

due  to   i n e r t i a   of   a  s w i n g   when  s w i n g   and   boom  s i m u l t a n e o u s  

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

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

t h e   b o o m .  

A  f u r t h e r   o b j e c t   i s   to  p r o v i d e   a  h y d r a u l i c   d r i v e  

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

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

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

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

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

to  a  c e r t a i n   d e g r e e .  

To  a c o o m p l i s h   t h e   a f o r e s a i d   o b j e c t s ,   t h e r e   i s  

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

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

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

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

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

pump,   and  a  f i r s t   v a l v e   g r o u p   h a v i n g   a  p l u r a l i t y   o f  

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

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

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

s e c o n d   h y d r a u l i c   pump,   and  a  s e c o n d   v a l v e   g r o u p   h a v i n g  



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

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

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

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

a  boom  a c t u a t o r   and  an  arm  a c t u a t o r ,   w h e r e i n :   t h e   f i r s t  

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

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

to   one  of   t h e   l e f t   and  r i g h t   t r a v e l l i n g   a c t u a t o r s ,   a  

f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l l i n g  

f l o w   of   h y d r a u l i c   f l u i d   to  t h e   boom  a c t u a t o r ,   and  a  

f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l l i n g  

f l o w   of  h y d r a u l i c   f l u i d   to  t h e   arm  a c t u a t o r ,   t h e   f i r s t  

boom  and  arm  d i r e c t i o n a l   c o n t r o l   v a l v e s   b e i n g   c o n n e c t e d  

to   t h e   f i r s t   pump  in   a  p o s i t i o n   u p s t r e a m   of  t h e   f i r s t  

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

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

t h e   f i r s t   pump  by  t a k i n g   p r i o r i t y   o v e r   t h e   f i r s t   t r a v e l -  

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

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

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

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

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l l i n g   f l o w   o f  

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

arm  d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l l i n g   f l o w   o f  

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

d i r e c t i o n a l   c o n t r o l   v a l v e   b e i n g   c o n n e c t e d   to  t he   s e c o n d  

pump  in  a  p o s i t i o n   u p s t r e a m   of  t h e   s e c o n d   boom  a n d / o r  

arm  d i r e c t i o n a l   c o n t r o l   v a l v e s   in   t h e   s e c o n d   c i r c u i t   s o  



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

the   s e c o n d   pump  by  t a k i n g   p r i o r i t y   o v e r   t h e   s e c o n d   b o o m  

a n d / o r   arm  d i r e c t i o n a l   c o n t r o l   v a l v e s ;   and  t h e   s y s t e m  

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

l i n e   e x t e n d i n g   b e t w e e n   t h e   s e c o n d   pump  and  t h e   o n e  

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

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

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

at   l e a s t   one  of   t h e   d i r e c t i o n a l   c o n t r o l   v a l v e s   of   t h e   f i r s t  

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

c o n t r o l   v a l v e   w h i c h   i n c l u d e   t h e   boom  and  arm  d i r e c t i o n a l  

c o n t r o l   v a l v e s   i s   a c t u a t e d .  

In  a  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n ,   t h e  

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

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

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

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

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

in   t h e   f i r s t   c i r c u i t   so  as  to  be  a b l e   to   r e c e i v e   a  

h y d r a u l i c   f l u i d   s u p p l y   f rom  t h e   f i r s t   pump  by  t a k i n g  

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

c o n t r o l   v a l v e s ,   and  t h e   f i r s t   boom  d i r e c t i o n a l   c o n t r o l  

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

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

of  t he   s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e .   The  s e c o n d   v a l v e  

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

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

t h e   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   b e i n g   c o n n e c t e d   to  a  



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

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

and  t h e   s e c o n d   arm  d i r e c t i o n a l   c o n t r o l   v a l v e .  

In  a n o t h e r   p r e f e r r e d   e m b o d i m e n t ,   t h e   s y s t e m  

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

d r i v i n g   a  s w i n g   a c t u a t o r ,   t he   t h i r d   c i r c u i t   i n c l u d i n g   a  

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

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

pump  to   t h e   s w i n g   a c t u a t o r ,   and  t h e   f i r s t   arm  d i r e c t i o n a l  

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

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

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

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

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

to  t h e   b u c k e t   a c t u a t o r ,   t h e   b u c k e t   d i r e c t i o n a l   c o n t r o l  

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

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

d i r e c t i o n a l   c o n t r o l   v a l v e   and  t h e   s e c o n d   boom  d i r e c t i o n a l  

c o n t r o l   v a l v e .  

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

f i r s t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   may  be  c o n n e c t e d  

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

f i r s t   c i r c u i t   in   a  p o s i t i o n   u p s t r e a m   of  t he   f i r s t   b o o m  

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

h a v i n g   f l ow  r e s t r i c t i n g   means   m o u n t e d   t h e r e i n .   In  c a s e  

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

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

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



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

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

v a l v e   in   t h e   f i r s t   c i r c u i t   so  as  to   be  a b l e   to   r e c e i v e  

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

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

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

c o n t r o l   v a l v e   may  be  c o n n e c t e d   to   t h e   f i r s t   c i r c u i t   in   a  

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

The  f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   may  be  c o n n e c t e d  

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

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

and  t h e   f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e .   T h e  

f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   may  be  f u r t h e r  

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

to  t h e   f i r s t   c i r c u i t   in   a  p o s i t i o n   u p s t r e a m   of  t h e   s w i n g  

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

r e s t r i c t i n g   means   m o u n t e d   t h e r e i n .  

DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  c i r c u i t   d i a g r a m   of  t h e   h y r a u l i c  

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

i n v e n t i o n ;  

F i g .   2  i s   a  c i r c u i t   d i a g r a m   of   t h e   h y d r a u l i c  

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

i n v e n t i o n ;  

F i g .   3  i s   a  c i r c u i t   d i a g r a m   of   t h e   h y d r a u l i c  

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

i n v e n t i o n ;  



F i g .   4  i s   a  c i r c u i t   d i a g r a m   of  t h e   h y d r a u l i c  

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

i n v e n t i o n ;   a n d  

F i g .   5  i s   a  c i r c u i t   d i a g r a m   of  t h e   h d y r a u l i c  

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

i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

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

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

h y d r a u l i c   c i r c u i t   8  i n c l u d i n g   a  f i r s t   h y d r a u l i c   pump  4 

and  a  s e c o n d   h y d r a u l i c   c i r c u i t   10  i n c l u d i n g   a  s e c o n d  

h y d r a u l i c   pump  6.  The  pumps  4  and  6  a r e  d r i v e n   by  p r i m e  

m o v e r s   12  and  14  r e s p e c t i v e l y   w h i c h   may  be  t h e   same  one  o r  

d i f f e r e n t   o n e s .  

The  f i r s t   h y d r a u l i c   c i r c u i t   8  i n c l u d e s   a  f i r s t  

v a l v e   g r o u p   16  c o m p r i s i n g   a  s w i n g   d i r e c t i o n a l   c o n t r o l  

v a l v e   24,   a  f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26,  a  

f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   28,  a  f i r s t   b u c k e t  

d i r e c t i o n a l   c o n t r o l   v a l v e   30  and  a  l e f t   t r a v e l l i n g   d i r e c -  

t i o n a l   c o n t r o l   v a l v e   32  and  c o n n e c t e d   to   t h e   f i r s t   h y d r a u l i c  

pump  4  t h r o u g h   a  ma in   l i n e   20.  In  t h e   f i r s t   v a l v e   g r o u p  

16,   t h e   v a l v e s   24,  26,  28,  30  and  32  a r e   p r o v i d e d   w i t h  

a  c e n t e r   b y p a s s   l i n e   21  p a s s i n g   t h e r e t h r o u g h   in  t h e   i n d i -  

c a t e d   o r d e r ,   t he   c e n t e r   b y p a s s   l i n e   21  b e i n g   c o n n e c t e d  

at   one  end  to  t he   main   l i n e   20  and  at  t h e   o t h e r   end  t o  

a  t a n k   3 6 .  



The  s e c o n d   h y d r a u l i c - c i r c u i t   10  i n c l u d e s   a  

s e c o n d   v a l v e   g r o u p   18  c o m p r i s i n g   a  r i g h t   t r a v e l l i n g  

d i r e c t i o n a l   c o n t r o l   v a l v e   38,   a  s e c o n d   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   40,   a  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l  

v a l v e   42  and  a  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e  

44  and   c o n n e c t e d   to   t h e   s e c o n d   h y d r a u l i c   pump  6  t h r o u g h  

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

38,   40,   42  and  44  a r e   p r o v i d e d   w i t h   a  c e n t e r   b y p a s s   l i n e  

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

c e n t e r   b y p a s s   l i n e   23  b e i n g   c o n n e c t e d   a t   one  e n d  

to  t h e   m a i n   l i n e   22  and  a t   t h e   o t h e r   end  to   t h e   t a n k   3 6 .  

In  t h e   f i r s t   v a l v e   g r o u p   16,   t h e   s w i n g   d i r e c -  

t i o n a l   c o n t r o l   v a l v e   24  h a s   i t s   i n l e t   p o r t   c o n n e c t e d   t o  

t h e   c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n   on  t h e   u p p e r m o s t  

s t r e a m   end  t h e r e o f   t h e r e b y   to   c o n n e c t   t h e   v a l v e   24  t o  

t h e   pump  4,  and  t h e   f i r s t   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   26  has   i t s   i n l e t   p o r t   c o n n e c t e d   t h r o u g h   a  b y p a s s  

l i n e   34  to   t h e   c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n   u p s t r e a m  

of  t h e   v a l v e   24  t h e r e b y   to   c o n n e c t   t h e   v a l v e   26  to   t h e  

pump  4  in   p a r a l l e l   w i t h   t h e   v a l v e   24.  The  f i r s t   a r m  

d i r e c t i o n a l   c o n t r o l   v a l v e   28 ,   f i r s t   b u c k e t   d i r e c t i o n a l  

c o n t r o l   v a l v e   30  and  l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l  

v a l v e   32  has   t h e i r   i n l e t   p o r t s   c o n n e c t e d   in   t h e   i n d i c a t e d  

o r d e r   to   t h e   c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n   d o w n -  

s t r e a m   of  t h e   v a l v e   26.  Thus  i t   w i l l   be  n o t e d   t h a t   t h e  

v a l v e s   24  and  26  a r e   a d a p t e d   to   be  a b l e   to  r e c e i v e   h y d r a u l i c  

f l u i d   s u p p l y   f r o m   t h e   pump  4  by  t a k i n g   p r i o r i t y   o v e r   t h e  

o t h e r   v a l v e s   of  t h e   g r o u p .  



In  t h e   s e c o n d   v a l v e   g r o u p   18,  t h e   r i g h t   t r a v e l -  

l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   38  has   i t s   i n l e t   p o r t  

c o n n e c t e d   to  t h e   c e n t e r   b y p a s s   l i n e   23  in   a  p o s i t i o n   o n  

t h e   u p p e r m o s t   s t r e a m   end  of  t h e   c e n t e r   b y p a s s   l i n e   23  

t h e r e b y   to   c o n n e c t   t h e   v a l v e   38  to  t h e   pump  6.  The  s e c o n d  

arm  d i r e c t i o n a l   c o n t r o l   v a l v e   40  has   i t s   i n l e t   p o r t  

c o n n e c t e d   to   t h e   c e n t e r   b y p a s s   l i n e   23  in   a  p o s i t i o n  

d o w n s t r e a m   of  t h e   v a l v e   38.  The  s e c o n d   b u c k e t   d i r e c t i o n a l  

c o n t r o l   v a l v e   42  has   i t s   i n l e t   p o r t   c o n n e c t e d   to   t h e  

c e n t e r   b y p a s s   l i n e   23  t h r o u g h   a  b y p a s s   l i n e   46  in  a  

p o s i t i o n   b e t w e e n   t h e   v a l v e s   38  and  40  t h e r e b y   to   c o n n e c t  

t h e   v a l v e   42  in   p a r a l l e l   w i t h   t h e   v a l v e   40.  The  s e c o n d  

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   44  has   i t s   i n l e t   p o r t  

c o n n e c t e d   to   t h e   c e n t e r   b y p a s s   l i n e   23  in   a  p o s i t i o n   o n  

t h e   d o w n m o s t   s t r e a m   end  t h e r e o f .   Thus  i t   w i l l   be  n o t e d  

t h a t   t h e   v a l v e   38  i s   a r r a n g e d   to   be  a b l e   to   r e c e i v e  

h y d r a u l i c   f l u i d   s u p p l y   f rom  t h e   pump  6  by  t a k i n g   p r i o r i t y  

o v e r   t h e   o t h e r   v a l v e s   of  t h e   g r o u p .  

The  s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   24  i s  

c o n n e c t e d   to  a  s w i n g   m o t o r   48.  The  f i r s t   boom  d i r e c t i o n a l  

c o n t r o l   v a l v e   26  and  s e c o n d   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   44  a r e   i n t e r l o c k e d   by  a  l i n k a g e   B  to  o p e r a t e  

c o n j o i n t l y   and  b o t h   c o n n e c t e d   to   a  boom  c y l i n d e r   5 0 .  

The  f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   28  and  s e c o n d   a r m  

d i r e c t i o n a l   c o n t r o l   v a l v e   40  a r e   i n t e r l o c k e d   by  a  

l i n k a g e   C  to   o p e r a t e   c o n j o i n t l y   and  b o t h   c o n n e c t e d   to  a n  

arm  c y l i n d e r   52.  The  f i r s t   b u c k e t   d i r e c t i o n a l   c o n t r o l  

v a l v e   30  and  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   42  



a r e   i n t e r l o c k e d   by  a  l i n k a g e   D  to   o p e r a t e   c o n j o i n t l y  

and  b o t h   c o n n e c t e d   to   a  b u c k e t   c y l i n d e r   54.  The  l e f t  

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  i s   c o n n e c t e d   t o  

a  l e f t   t r a v e l l i n g   m o t o r   56,   and  t h e   r i g h t   t r a v e l l i n g  

d i r e c t i o n a l   c o n t r o l   v a l v e   38  i s   c o n n e c t e d   to  a  r i g h t  

t r a v e l l i n g   m o t o r   5 8 .  

C o n n e c t i n g   t h e   s e c o n d   pump  6  to   t h e   l e f t  

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  i s   a  b y p a s s   c i r c u i t  

62  h a v i n g   a  b y p a s s   l i n e   60  h a v i n g   an  o n - o f f   v a l v e   64  

m o u n t e d   t h e r e i n .   The  o n - o f f   v a l v e   64  w h i c h   i s   n o r m a l l y  

i n   a  c l o s e d   p o s i t i o n   is   i n t e r l o c k e d   w i t h   v a l v e s   24,  2 6 ,  

28  and  30  by  l i n k a g e s   A-D  so  as  to   b e  b r o u g h t   to   a n  

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

v a l v e s   24,  26,   28  and  30,   w h i c h   a r e   d i s p o s e d   i n  

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

c o n t r o l   v a l v e   32  in   w h i c h   t h e y   a r e   a b l e   to   r e c e i v e  

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

v a l v e   32.  The  m a i n   l i n e s   20  and  22  h a v e   m o u n t e d   t h e r e i n  

r e l i e f   v a l v e s   66  and  68  r e s p e c t i v e l y .  

O p e r a t i o n   of  t h e   e m b o d i m e n t   shown  in  F i g .   1 

w i l l   now  be  d e s c r i b e d .  

(1)  T r a v e l l i n g   and  Boom  O p e r a t i o n s  

In  t h e   f i r s t   v a l v e   g r o u p   16,  s i n c e   t h e   f i r s t  

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26  i s   l o c a t e d   in   a n  

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

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

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32,  h y d r a u l i c   f l u i d  

f rom  t h e   f i r s t   pump  4  i s   a l l   s u p p l i e d   to  t h e   b o o m  



c y l i n d e r   5D  t h r o u g h   t h e   v a l v e   26,  t h e r e b y   d r i v i n g   t h e   b o o m .  

In  t h e   s e c o n d   v a l v e   g r o u p   18,   s i n c e   t h e   r i g h t   t r a v e l l i n g  

d i r e c t i o n a l   c o n t r o l   v a l v e   38  i s   l o c a t e d   in  an  u p s t r e a m  

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

s u p p l y   by  t a k i n g  p r i o r i t y   o v e r   t h e   s e c o n d   boom  d i r e c t i o -  

n a l   c o n t r o l   v a l v e   44,   h y d r a u l i c   f l u i d   f rom  t h e   s e c o n d  

pump  6  i s   s u p p l i e d   to   t h e   r i g h t   t r a v e l l i n g   m o t o r   38  t h r o u g h  

t h e   v a l v e   38.  At  t h e   same  t i m e ,   s i n c e   t h e   o n - o f f   v a l v e   64 

i s   b r o u g h t   to   an  open   p o s i t i o n   by  t h e   l i n k a g e   B  i n  

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

f r o m   t h e   pump  6  i s   a l s o   s u p p l i e d   t h r o u g h   t h e   b y p a s s   l i n e  

60  and  l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  t o  

t h e   l e f t   t r a v e l l i n g   m o t o r   56.  Thus  t h e   l e f t   and   r i g h t  

t r a v e l l i n g   m o t o r s   56  and  58  a r e   d r i v e n   by  t h e   h y d r a u l i c  

f l u i d   s u p p l y   f r o m   t h e   s e c o n d   pump  6,  i n d e p e n d e n t l y   of  t h e  

o p e r a t i o n   of   t h e   boom  c y l i n d e r   5 0 .  

(2)  T r a v e l l i n g   and  Arm  O p e r a t i o n s  

As  i s   t h e   c a s e   w i t h   t he   t r a v e l l i n g   and  b o o m  

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

pump  4  i s   a l l   s u p p l i e d   t h r o u g h   t h e   f i r s t   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   28  to   t h e   arm  c y l i n d e r   52,  and  a  h y r a u l i c  

f l u i d   f r o m   t h e   s e c o n d   pump  6  i s   s u p p l i e d   to  t h e   l e f t   a n d  

r i g h t   m o t o r s   56  and  58  t h r o u g h   t h e   l e f t   and  r i g h t   t r a v e l -  

l i n g   d i r e c t i o n a l   v a l v e s   32  and  38  r e s p e c t i v e l y .   Thus  t h e  

t r a v e l l i n g   o p e r a t i o n   and  t h e   arm  o p e r a t i o n   can  be  p e r f o r m e d  

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

(3)  T r a v e l l i n g   O p e r a t i o n   and  Swing   or  B u c k e t   O p e r a t i o n  

L i k e   t h e   t r a v e l l i n g   and  boom  or  arm  o p e r a t i o n s ,  



t h e   t r a v e l l i n g   and  s w i n g   or   b u c k e t   o p e r a t i o n s   can  be  p e r -  

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

(4)   S w i n g   and   Boom  O p e r a t i o n s  

The  f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26  i s  

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 w i n g   d i r e c t i o n a l   c o n t r o l  

v a l v e   24  t h r o u g h   t h e   b y p a s s   l i n e   34,  so  t h a t   h y d r a u l i c  

f l u i d   f r o m   t h e   f i r s t   h y d r a u l i c   pump  4  is   s u p p l i e d   to  t h e  

s w i n g   m o t o r   48  and   boom  c y l i n d e r   50.  H y d r a u l i c   f l u i d   f r o m  

t h e   s e c o n d   h y d r a u l i c   pump  6  i s   s u p p l i e d   to  t h e   b o o m  

c y l i n d e r   50  t h r o u g h   t h e   s e c o n d   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   44.  The  s w i n g  h a v i n g   h i g h   i n e r t i a ,   t h e   s w i n g  

m o t o r   48  t e n d s   to   h a v e   a  h i g h   w o r k i n g   p r e s s u r e   w h e n  

a  s w i n g   a c c e l e r a t i o n   o p e r a t i o n   i s   p e r f o r m e d .   H o w e v e r ,  

t h e   m a j o r i t y   of   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   f r o m   t h e  

pump  4  i s   s e n t   t h r o u g h   t h e   b y p a s s   l i n e   34  to   t h e   b o o m  

c y l i n d e r   50,   so  t h a t   t h e   w o r k i n g   p r e s s u r e   of  t h e   s w i n g  

m o t o r   48  d u r i n g   a c c e l e r a t i o n   o p e r a t i o n   i s   k e p t   to  t h e  

l e v e l   of   t h e   w o r k i n g   p r e s s u r e   of   t h e   boom  c y l i n d e r   5 0 .  

Thus  t h e   p o w e r   can  be  e f f e c t i v e l y   u t i l i z e d   f o r   p e r f o r m i n g  

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

v a l v e   24  we re   c o n n e c t e d   in   s u c h   a  m a n n e r   t h a t   i t   i s  

a b l e   to   r e c e i v e   a  h y d r a u l i c   f l u i d   s u p p l y   by  t a k i n g   p r i o r i t y  

o v e r   t h e   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26,  t h e   s w i n g  

m o t o r   48  w o u l d   h a v e   i t s   w o r k i n g   p r e s s u r e   g r e a t l y   r a i s e d  

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

t h e   r e l i e f   v a l v e   66  o p e r a t i v e ,   t h e r e b y   c a u s i n g   a  l o s s  

of   p o w e r ,   a  r e d u c t i o n   in   e f f i c i e n c y   and  an  u n s a t i s f a c t o r y  

u p w a r d   m o v e m e n t   of  t h e   boom.  In  t he   e m b o d i m e n t   shown  i n  



F i g .   1,  t h e   p r e s e n c e   of   t h e   b y p a s s   l i n e   34  makes   i t  

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

i n d e p e n d e n t   of   e a c h   o t h e r .   H o w e v e r ,   s i n c e   t h e   r e l i e f  

v a l v e   66  can  be  k e p t   i n o p e r a t i v e   d u r i n g   s w i n g   a c c e l e r a t i o n  

o p e r a t i o n   and   no  l o s s   of  p o w e r   o c c u r s ,   t he   boom  can   b e  

r a i s e d   to   a  d e s i r e d   h i g h   l e v e l   w i t h   a  h i g h   d e g r e e   o f  

e f f i c i e n c y .  

When  i t   i s   d e s i r e d   to   p e r f o r m   s w i n g   and  b o o m  

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

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

l e v e r   to   o p e r a t e   in   two  s t a g e s   in   s u c h   a  m a n n e r   t h a t   t h e  

s e c o n d   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   44  o n l y   o p e r a t e s   i n  

t h e   f i r s t   s t a g e   w h i l e   t h e   two  boom  d i r e c t i o n a l  

c o n t r o l   v a l v e s   26  and  44  b o t h   o p e r a t e   in  t he   s e c o n d  

s t a g e .   In  t h i s   way,   t h e   s w i n g   o p e r a t i o n   can  be  p e r f o r m e d  

f u l l y   i n d e p e n d e n t l y   of  t h e   boom  o p e r a t i o n   by  o p e r a t i o n  

in  t h e   f i r s t   s t a g e .  

(5)  S w i n g . O p e r a t i o n   and  Arm  or  B u c k e t   O p e r a t i o n  

H y d r a u l i c   f l u i d   f rom  t h e   f i r s t   pump  4  i s   a l l  

s u p p l i e d   to  t h e   s w i n g   m o t o r   48  by  a c t u a t i o n   of  t h e  

s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   24.  H y d r a u l i c   f l u i d  

f rom  t h e   s e c o n d   pump  6  i s   a l l   s u p p l i e d   to  t he   a r m  

c y l i n d e r   52  by  a c t u a t i o n   of  t he   arm  d i r e c t i o n a l   c o n t r o l  

v a l v e   40.  Thus  t he   s w i n g   and  arm  o p e r a t i o n s   can  b e  

p e r f o r m e d   i n d e p e n d e n t l y   of  e ach   o t h e r .   L i k e w i s e ,   t h e  

s w i n g   and  b u c k e t   o p e r a t i o n s   can  be  p e r f o r m e d   i n d e p e n d e n t l y  

of  e a c h   o t h e r .  



(6)  T h r e e   O p e r a t i o n s   of   Boom,  Arm  and  B u c k e t  

H y d r a u l i c   f l u i d   f r o m   t h e   f i r s t   pump  4  i s  

s u p p l i e d   to   t h e   boom  c y l i n d e r   50  t h r o u g h   t h e   boom  d i r e c -  

t i o n a l   c o n t r o l   v a l v e   26.  S i n c e   t h e   s e c o n d   b u c k e t   d i r e c -  

t i o n a l   c o n t r o l   v a l v e   42  i s   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 c o n d   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   40  t h r o u g h   t h e  

b y p a s s   l i n e   46,  h y d r a u l i c   f l u i d   f rom  t h e   s e c o n d   pump  6 

i s   s u p p l i e d   to   t h e   arm  c y l i n d e r   52  and  b u c k e t   c y l i n d e r  

54  t h r o u g h   t h e   v a l v e s   40  and  42  r e s p e c t i v e l y .   T h i s   m a k e s  

boom,   arm  and  b u c k e t   o p e r a t i o n s   p e r f o r m e d   s i m u l t a n e o u s l y .  

(7)  F o u r   O p e r a t i o n s   of   S w i n g ,   Boom,  Arm  and   B u c k e t  

H y d r a u l i c   f l u i d   f rom  t h e   f i r s t   pump  4  i s  

s u p p l i e d   to   t h e   s w i n g   m o t o r   48  and  boom  c y l i n d e r   50  

t h r o u g h   t h e   s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   24  a n d  

t h e   b y p a s s   l i n e   34  and  f i r s t   boom  d i r e c t i o n a l   c o n t r o l  

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

pump  6  i s   s u p p l i e d   to   t h e   arm  c y l i n d e r   52  and  b u c k e t  

c y l i n d e r   54  t h r o u g h   t h e   s e c o n d   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   40  and  t h e   b y p a s s   l i n e   46  and  s e c o n d   b u c k e t   d i r e c -  

t i o n a l   c o n t r o l   v a l v e   42,  r e s p e c t i v e l y .   Thus   t h e   s w i n g ,  

boom,  arm  and  b u c k e t   o p e r a t i o n s   can  be  p e r f o r m e d   s i m u l -  

t a n e o u s l y .  

F i g .   2  shows   a  s e c o n d   e m b o d i m e n t   of   t h e   h y d r a u l i c  

d r i v e   s y s t e m   in   c o n f o r m i t y   w i t h   t h e   i n v e n t i o n .   In  t h e  

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

to  t h o s e   shown  in   F i g .   1.  The  h y d r a u l i c   d r i v e   s y s t e m  

is   g e n e r a l l y   d e s i g n a t e d   by  t h e   r e f e r e n c e   n u m e r a l   70  a n d  

c o m p r i s e s   a  f i r s t   h y d r a u l i d   c i r c u i t   72  i n c l u d i n g   a  f i r s t  



v a l v e   g r o u p   73  in   w h i c h   t h e   f i r s t   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   26  i s   c o n n e c t e d   to   t h e   c e n t e r   b y p a s s   l i n e   21  in  a  

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

v a l v e   24.  T h a t   i s ,   t h e   v a l v e s   24,  26,   28,  30  and  32  a r e  

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

to   be  a b l e   to  r e c e i v e   a  h y d r a u l i c   f l u i d   s u p p l y   f rom  t h e  

h y d r a u l i c   pump  4  by  t a k i n g   p r i o r i t y   in   s u c h   an  o r d e r .  

The  s y s t e m   70  a l s o   c o m p r i s e s   a  s e c o n d   h y d r a u l i c   c i r c u i t  

74  i n c l u d i n g   a  s e c o n d   v a l v e   g r o u p   75  in   w h i c h   t h e   s e c o n d  

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   44  i s ,   l i k e   t h e   s e c o n d  

b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   42,  c o n n e c t e d   to  t h e  

pump  6  t h r o u g h   a  b y p a s s   l i n e   76  c o n n e c t e d   to  t h e   c e n t e r  

b y p a s s   l i n e   23  in   a  p o s i t i o n   b e t w e e n   t h e   r i g h t   t r a v e l l i n g  

d i r e c t i o n a l   c o n t r o l   v a l v e   38  and  t h e   s e c o n d   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   4 0 .  

In  t h e   s e c o n d   e m b o d i m e n t   shown  in  F i g .   2,  t h e  

c o m b i n e d   o p e r a t i o n s   ( 1 ) - ( 7 )   t h a t   have   b e e n   p e r f o r m e d   i n  

t h e   f i r s t   e m b o d i m e n t   shown  in  F i g .   1  can  be  p e r f o r m e d  

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

o p e r a t i o n s   of  s w i n g   and  boom,   i t   is   i m p o s s i b l e   to  a v o i d  

t h e   o c c u r r e n c e   of  r e l i e f   due  to  i n e r t i a   of  t h e   s w i n g .  

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

of   s w i n g   and  boom  can  be  p e r f o r m e d   f u l l y   i n d e p e n d e n t l y  

of  e a c h   o t h e r   w i t h o u t   a c t u a t i n g   the   o p e r a t i o n   l e v e r   in  t w o  

s t a g e s   as  in   t h e   f i r s t   e m b o d i m e n t .  

A  t h i r d   e m b o d i m e n t   of  t he   h y d r a u l i c   d r i v e  

s y s t e m   in  c o n f o r m i t y   w i t h   t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d  

by  r e f e r r i n g   to   F i g .   3  in   w h i c h   t h e   h y d r a u l i c   d r i v e   s y s t e m  



g e n e r a l l y   d e s i g n a t e d   by  t h e   r e f e r e n c e   n u m e r a l   80  c o m p r i s e s  

p a r t s   s i m i l a r   to   t h o s e   shown  in   F i g .   1  d e s i g n a t e d   b y  

l i k e   r e f e r e n c e   c h a r a c t e r s .  

The  h y d r a u l i c   d r i v e   s y s t e m   80  c o m p r i s e s   a  f i r s t  

h y d r a u l i c   c i r c u i t   2  i n c l u d i n g   t h e   f i r s t   h y d r a u l i c   p u m p  

4,  and  s e c o n d   h y d r a u l i c   c i r c u i t   84  i n c l u d i n g   t h e   s e c o n d  

h y d r a u l i c   pump  6.  The  pumps  4  and  6  a r e   d r i v e n   by  t h e  

p r i m e   m o v e r s   12  and  14  r e s p e c t i v e l y   w h i c h   may  be  t h e   s a m e  

one  or  d i f f e r e n t   o n e s .   As  in   t h e   f i r s t   e m b o d i m e n t ,  

t h e   f i r s t   c i r c u i t   82  i n c l u d e s   a  f i r s t   v a l v e   g r o u p   8 3  

c o m p r i s i n g   t h e   s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   24,   f i r s t  

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26,  f i r s t   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   28,   f i r s t   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e  

30  and  l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  a n d  

c o n n e c t e d   to   t h e   pump  4  t h r o u g h   t h e   m a i n   l i n e   2 0 .  

In  t h e   f i r s t   v a l v e   g r o u p   83,   t h e   v a l v e s   24,   26,   28 ,   3 0  

and  32  a r e  p r o v i d e d   w i t h   t h e   c e n t e r   b y p a s s   l i n e   21  p a s s i n g  

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

l i n e   21  b e i n g   c o n n e c t e d   a t   one  end  to   t h e   m a i n   l i n e   2 0  

and  at   t h e   o t h e r   end  to   t h e   t a n k   36.  As  in   t h e   f i r s t  

e m b o d i m e n t ,   t h e   s e c o n d   c i r c u i t   84  i n c l u d e s   a  s e c o n d   v a l v e  

g r o u p   85  c o m p r i s i n g   t h e   r i g h t   d i r e c t i o n a l   c o n t r o l   v a l v e   3 8 ,  

s e c o n d   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   44,   s e c o n d   b u c k e t  

d i r e c t i o n a l   c o n t r o l   v a l v e   42  and  s e c o n d   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   40  and  c o n n e c t e d   to  t h e   pump  6  t h r o u g h   t h e  

main   l i n e   22.  In  t h e   s e c o n d   v a l v e   g r o u p   85,  t h e   v a l v e s   3 8 ,  

44,  42  and  40  a r e   p r o v i d e d   w i t h   t h e   c e n t e r   b y p a s s   l i n e   2 3  

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



l i n e   23  b e i n g   c o n n e c t e d   at  one  end  to  t h e   ma in   l i n e   22  

and  a t   t h e   o t h e r   end  to  t h e   t a n k   3 6 .  

In  t h e   f i r s t   v a l v e   g r o u p   83,  t h e   s w i n g   d i r e c t i o -  

n a l   c o n t r o l   v a l v e   24  has   i t s   i n l e t   p o r t   c o n n e c t e d   to  t h e  

c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n   on  t h e   u p p e r m o s t  

s t r e a m   end  t h e r e o f   t h e r e b y   to   c o n n e c t   t h e   v a l v e   24  to   t h e  

pump  4,  and  t h e   f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26  

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

21  t h r o u g h   a  b y p a s s   l i n e   86  in   a  p o s i t i o n   u p s t r e a m   of  t h e  

v a l v e   24  t h e r e b y   to   c o n n e c t   t h e   v a l v e   26  to   t h e   pump  4 

in   p a r a l l e l   w i t h   t h e   v a l v e   24.  The  f i r s t   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   28  has   i t s   i n l e t   p o r t   c o n n e c t e d   t h r o u g h   a  

b y p a s s   l i n e   88  to  t h e   c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n  

b e t w e e n   t h e   v a l v e s   24  and  26  t h e r e b y   to   c o n n e c t   t he   v a l v e  

28  in   p a r a l l e l   w i t h   t h e   v a l v e   26.  The  i n l e t   p o r t   of  t h e  

f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   28  i s   a l s o   c o n n e c t e d  

t h r o u g h   a  b y p a s s   l i n e   90  to  t h e   c e n t e r   b y p a s s   l i n e   21  i n  

a  p o s i t i o n   u p s t r e a m   of  t h e   v a l v e   24  t h e r e b y   to   c o n n e c t  

t h e   v a l v e   28  to   t h e   pump  4,  and  a  r e s t r i c t o r   92  is   m o u n t e d  

in   t h e   b y p a s s   l i n e   90.  The  f i r s t   b u c k e t   d i r e c t i o n a l  

c o n t r o l   v a l v e   30  has   i t s   i n l e t   p o r t   c o n n e c t e d   to  t h e  

c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n   d o w n s t r e a m   of  t h e   v a l v e  

28  and  to   t h e   c e n t e r   b y p a s s   l i n e   21  in   a  p o s i t i o n   d o w n s t r e a m  

of  t h e   v a l v e   28  and  to  t h e   c e n t e r   b y p a s s   l i n e   21  t h r o u g h  

a  b y p a s s   l i n e   94  in   a  p o s i t i o n   u p s t r e a m   of   t h e   v a l v e   24 

t h e r e b y   to  c o n n e c t   t h e   v a l v e   30  to  t h e   pump  4,  and  a  

r e s t r i c t o r   96  i s   m o u n t e d   in   t h e   b y p a s s   l i n e   94.  The  l e f t  

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  has   i t s   i n l e t   p o r t  



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

d o w n s t r e a m   of   t h e   v a l v e   30  and  to   t h e   c e n t e r   b y p a s s   l i n e  

21  in   a  p o s i t i o n   u p s t r e a m   of  t h e   v a l v e   24  t h r o u g h   a  b y p a s s  

l i n e   98  t h e r e b y   to   c o n n e c t   t h e   v a l v e   32  to   t h e   pump  4,  a n d  

a  r e s t r i c t o r   100  i s   m o u n t e d   in   t h e   b y p a s s   l i n e   9 8 .  

In  t h e   s e c o n d   v a l v e   g r o u p   85,   t h e   r i g h t   t r a v e l -  

l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   38  h a s   i t s   i n l e t   p o r t  

c o n n e c t e d   to   t h e   c e n t e r   b y p a s s   l i n e   23  in   a  p o s i t i o n   a t  

t h e   u p p e r m o s t   s t r e a m   end  t h e r e o f   t h e r e b y   to   c o n n e c t   t h e  

v a l v e   38  to  t h e   pump  6  so  as  to   be  a b l e   to   r e c e i v e   a  

h y r a u l i c   f l u i d   s u p p l y   f rom  t h e   pump  6  by  t a k i n g   p r i o r i t y  

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

d i r e c t i o n a l   c o n t r o l   v a l v e   44  has   i t s   i n l e t   p o r t   c o n n e c t e d  

to  t h e   c e n t e r   b y p a s s   l i n e   23  in   a  p o s i t i o n   d o w n s t r e a m   o f  

t h e   v a l v e   38.  The  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e  

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

102  to   t h e   c e n t e r   b y p a s s   l i n e   23  in   a  p o s i t i o n   b e t w e e n   t h e  

v a l v e s   38  and  44  t h e r e b y   to   c o n n e c t   t h e   v a l v e   42  in   p a r a l -  

l e l   w i t h   t h e   v a l v e   44.  The  s e c o n d   arm  d i r e c t i o n a l   c o n t r o l  

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

b y p a s s   l i n e   23  in   a  p o s i t i o n   a t   t h e   d o w n m o s t   s t r e a m   end  o f  

t h e   c e n t e r   b y p a s s   l i n e   2 3 .  

The  s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   24  i s  

c o n n e c t e d   to  t h e   s w i n g   m o t o r   48.  The  f i r s t   boom  d i r e c -  

t i o n a l   v a l v e   26  and  s e c o n d   boom  d i r e c t i o n a l   c o n t r o l   v a l v e  

44  a r e   i n t e r l o c k e d   by  t h e   l i n k a g e   B  and  b o t h   c o n n e c t e d  

to  t h e   boom  c y l i n d e r   50.  The  f i r s t   arm  d i r e c t i o n a l   c o n t r o l  

v a l v e   28  and  s e c o n d   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   40  a r e  



i n t e r l o c k e d   by  t h e   l i n k a g e   C  and  b o t h   c o n n e c t e d   to  t h e  

arm  c y l i n d e r   52.  The  f i r s t   b u c k e t   d i r e c t i o n a l   c o n t r o l  

v a l v e   30  and  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   42 

a r e   i n t e r l o c k e d   by  t h e   l i n k a g e   D  and  b o t h   c o n n e c t e d   t o  

t h e   b u c k e t   c y l i n d e r   54.  The  l e f t   t r a v e l l i n g   d i r e c t i o n a l  

c o n t r o l   v a l v e   32  i s   c o n n e c t e d   to   t h e   l e f t   t r a v e l l i n g  

m o t o r   56.  The  r i g h t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l  

v a l v e   38  i s   c o n n e c t e d   to   t h e   r i g h t   t r a v e l l i n g   m o t o r   5 8 .  

C o n n e c t i n g   t h e   s e c o n d   pump  6  and  t h e   l e f t  

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  i s   a  b y p a s s  

c i r c u i t   106  i n c l u d i n g   a  b y p a s s   l i n e   104  c o n n e c t e d   a t  

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

t i o n a l   c o n t r o l   v a l v e   38  and  a t   t h e   o t h e r   end  to  t h e   i n l e t  

p o r t   of  t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   3 0 .  

M o u n t e d   in   t h e   b y p a s s   l i n e   104  i s   t h e   o n - o f f   v a l v e   64  

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

p o s i t i o n   by  t h e   l i n k a g e s   A-D  in  r e s p o n s e   to   a c t u a t i o n   o f  

e a c h   of   t h e   v a l v e s   24,   26,  28  and  30  u p s t r e a m   of  t h e  

l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   3 2 .  

O p e r a t i o n   of  t h e   t h i r d   e m b o d i m e n t   shown  i n  

F i g .   3  of   t h e   a f o r e s a i d   c o n s t r u c t i o n   w i l l   now  b e  

d e s c r i b e d .  

(1)  T r a v e l l i n g   and  Boom  O p e r a t i o n s  

In  t h e   f i r s t   v a l v e   g r o u p   83,  s i n c e   t h e   b o o m  

d i r e c t i o n a l   c o n t r o l   v a l v e   26  i s   l o c a t e d   in  an  u p s t r e a m  

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

v a l v e   32  in  t h e   c e n t e r   b y p a s s   l i n e   21  and  t he   b y p a s s  

l i n e   98  f o r   t h e   v a l v e   32  m o u n t s   t h e   r e s t r i c t o r   98,  t h e  



m a j o r i t y   of   h y d r a u l i c   f l u i d   f r o m   t h e   pump  4  i s   s u p p l i e d  

to  t h e   boom  c y l i n d e r   t h r o u g h   t h e   v a l v e   26,   t h e r e b y  

d r i v i n g   t h e   boom.  In  t h e   s e c o n d   v a l v e   g r o u p   8 5 ,  

s i n c e   t h e   r i g h t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   3 8  

i s   l o c a t e d   on  t h e   u p s t r e a m   s i d e   of   t h e   boom  d i r e c -  

t i o n a l   c o n t r o l   v a l v e   44  so  as  to   be  a b l e   to   r e c e i v e   a  

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

h y d r a u l i c   f l u i d   f r o m   t h e   pump  6  i s   s u p p l i e d   to   t h e   r i g h t  

t r a v e l l i n g   m o t o r   58  t h r o u g h   t h e   v a l v e   38.  W i t h   t h e   o n - o f f  

v a l v e   64  b e i n g   moved  to  i t s   open   p o s i t i o n   by  t h e   l i n k a g e  

B  i n t e r l o c k e d   w i t h   t h e   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   2 6 ,  

h y d r a u l i c   f l u i d   f r o m   t h e   pump  6  i s   a l s o   s u p p l i e d   t h r o u g h  

t h e   b y p a s s   l i n e   104  and  t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l  

c o n t r o l   v a l v e   32  to   t h e   l e f t   t r a v e l l i n g   m o t o r   56.  T h u s  

t h e   l e f t   and   r i g h t   t r a v e l l i n g  m o t o r s   56  and  58  a r e  

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

pump  6.  A  s m a l l   p o r t i o n   of  h y d r a u l i c   f l u i d   f r o m   t h e  

h y d r a u l i c   pump  4  f l o w s   t h r o u g h   t h e   b y p a s s   l i n e   9 8  

and  r e s t r i c t o r   100  to   t h e   l e f t   d i r e c t i o n a l   c o n t r o l  

v a v l e   32.  By  r e s t r i c t i n g   t h e   f l o w   of   h y d r a u l i c  

f l u i d   t h r o u g h   t h e   r e s t r i c t o r   100  in   s u c h   a  m a n n e r   t h a t   a  

p r e s s u r e   h i g h   e n o u g h   or   h i g h e r   t h a n   i s   n e c e s s a r y   to  r a i s e  

t h e   boom  i s   o b t a i n e d ,   i t   i s   p o s s i b l e   to  a l l o w   t h e   t r a v e l l i n g  

and  boom  o p e r a t i o n s   to   be  p e r f o r m e d   h i g h l y   i n d e p e n d e n t l y  

of  e a c h   o t h e r .   M o r e o v e r ,   when  t h e   v a l v e   26  i s   a c t u a t e d  

to  r a i s e   t h e   boom  d u r i n g   t r a v e l l i n g   o p e r a t i o n ,   t h e  

b y p a s s   l i n e   98  and  r e s t r i c t o r   100  f u n c t i o n   to   p r e v e n t  

a l l   t h e   a m o u n t   of   h y d r a u l i c   f l u i d   f rom  t h e   pump  4  f r o m  



b e i n g   cut   o f f   by  t h e   v a l v e   26,   and  t h e r e f o r e   i t   i s  

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

s p e e d   and  r e d u c e   a  s h o c k   upon   a c t u a t i o n   of  t h e   v a l v e   2 6 ,  

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

s p e e d   a f t e r   t h e   a c t u a t i o n   of   t h e   v a l v e   2 6 .  

(2)  T r a v e l l i n g   and  Arm  O p e r a t i o n s  

As  in   t h e   t r a v e l l i n g   and  boom  c o m b i n e d  

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

4  i s   s u p p l i e d   to   t h e   arm  c y l i n d e r   52  t h r o u g h   t h e   a r m  

d i r e c t i o n a l   c o n t r o l   v a l v e   28,   and  h y d r a u l i c   f l u i d   f r o m  

t h e   pump  6  i s   s u p p l i e d   t h r o u g h   t h e   l e f t   and  r i g h t  

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  and  38  to  t h e  

l e f t   and  r i g h t   m o t o r s   56  and  58  r e s p e c t i v e l y .   T h e  

p r o v i s i o n   of   t h e   r e s t r i c t o r   100  to  t h e   b y p a s s   l i n e   98  

e n a b l e s   t h e   t r a v e l l i n g   and  arm  o p e r a t i o n s   to  b e  

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

t h e   p r o v i s i o n   of  t h e   b y p a s s   l i n e   98  and  r e s t r i c t o r   1 0 0  

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

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

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

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

(3)  T r a v e l l i n g   O p e r a t i o n   and  Swing  or  B u c k e t   O p e r a t i o n  

As  in   t h e   t r a v e l l i n g   and  arm  c o m b i n e d   o p e r a -  

t i o n s ,   t h e   t r a v e l l i n g   and  s w i n g   or  b u c k e t ; o p e r a t i o n s   c a n  

be  p e r f o r m e d   h i g h l y   i n d e p e n d e n t l y   of  e a c h   o t h e r   and  a  

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

m i n i m i z e d   when  a  s w i n g   or  b u c k e t   o p e r a t i o n   i s   p e r f o r m e d  

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



(4)  Swing   and  Boom  O p e r a t i o n s  

As  in  t h e   f i r s t   e m b o d i m e n t   shown  in   F i g .   1 ,  

a c t u a t i o n   of  t h e   r e l i e f   v a l v e   66  due  to   i n e r t i a   of  t h e  

s w i n g   can  be  a v o i d e d   and  t h e   e n e r g y   of   t h e   h y d r a u l i c  

pump  4  can   be  e f f e c t i v e l y   u t i l i z e d   to   r a i s e   t h e   b o o m .  

A l s o ,   by  a c t u a t i n g   t h e   boom  o p e r a t i o n   l e v e r   in   two  s t a g e s  

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

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

(5)  S w i n g   O p e r a t i o n   and  Arm  or  B u c k e t   O p e r a t i o n  

The  p r o v i s i o n   o f   t h e   r e s t r i c t o r   92  to   t h e  

b y p a s s   l i n e   90  p e r m i t s   t h e   m a j o r i t y   of  h y d r a u l i c   f l u i d  

f r o m   t h e   pump  4  to   be  s u p p l i e d   t h r o u g h   t h e   s w i n g   d i r e c -  

t i o n a l   c o n t r o l   v a l v e   24  to   t h e   s w i n g   m o t o r   48.  H y d r a u l i c  

f l u i d   f r o m   t he   pump  6  i s   s u p p l i e d   t h r o u g h   t h e   s e c o n d  

arm  d i r e c t i o n a l   c o n t r o l   v a l v e   40  to   t h e   arm  c y l i n d e r  

52.  By  r e s t r i c t i n g   t h e   f l o w   of  h y d r a u l i c   f l u i d   t h r o u g h  

t h e   r e s t r i c t o r   92  in   s u c h   a  m a n n e r   t h a t   a  p r e s s u r e   h i g h  

e n o u g h   to   d r i v e   t h e   s w i n g   can   be  o b t a i n e d ,   i t   i s   p o s -  

s i b l e   to   p e r m i t   t h e   s w i n g   and  arm  o p e r a t i o n s   to   b e  

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

A l s o ,   t h e   p r o v i s i o n   of  t h e   b y p a s s   l i n e   90  a n d  

r e s t r i c t o r   92  a l l o w s   h y d r a u l i c   f l u i d   f rom  t h e   pump  4  t o  

f l o w   in   p a r t ,   when  i n e r t i a   o f   t h e   s w i n g   r a i s e s   t he   w o r k i n g  

p r e s s u r e   of   t h e   s w i n g   m o t o r   48  d u r i n g   s w i n g   a c c e l e r a t i o n ,  

to   t h e   arm  c y l i n d e r   52  t h r o u g h   t h e   b y p a s s   l i n e  9 0   a n d  

r e s t r i c t o r   92.  T h u s ,   as  i n   t h e   s w i n g   and  boom  c o m b i n e d  

o p e r a t i o n s ,   i t   i s   p o s s i b l e   to  keep   t h e   r e l i e f   v a l v e   66  

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



e f f e c t i v e l y   u t i l i z e   t h e   e n e r g y   of  t h e   pump  4  to   r a i s e  

t h e   a rm.   When  t h e   two  o p e r a t i o n s   n e e d   be  p e r f o r m e d  

c o m p l e t e l y   i n d e p e n d e n t l y   of  e a c h   o t h e r ,   one  has   o n l y  

to  a c t u a t e   t h e   arm  o p e r a t i o n   l e v e r   in   two  s t a g e s   as  i n  

t h e   s w i n g   and  boom  c o m b i n e d   o p e r a t i o n s   in   s u c h   a  m a n n e r  

t h a t   t h e   s e c o n d   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   40  i s   o n l y  

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

c o n t r o l   v a l v e s   28  and  40  a r e   a c t u a t e d   in   t h e   s e c o n d  

s t a g e .   Thus   when  t h e   arm  o p e r a t i o n   l e v e r   i s   a c t u a t e d   i n  

t h e   f i r s t   s t a g e ,   t h e   s w i n g   and  arm  o p e r a t i o n s   can   b e  

p e r f o r m e d   c o m p l e t e l y   i n d e p e n d e n t l y   of  e a c h   o t h e r .   When  

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

b u c k e t   o p e r a t i o n ,   t h e   two  o p e r a t i o n s   can  be  p e r f o r m e d  

in  t h e   same  m a n n e r   as  t h e   s w i n g   and  arm  c o m b i n e d  

o p e r a t i o n s .  

(6)  T h r e e   O p e r a t i o n s   of   Boom,  Arm  and  B u c k e t  

The  m a j o r i t y   of  h y d r u a l i c   f l u i d   f r o m   t h e   pump 

4  i s   s u p p l i e d   to   t h e   boom  c y l i n d e r   50  t h r o u g h   t h e   f i r s t  

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26  and  to  t h e   arm  c y l i n d e r  

52  t h r o u g h   t h e   b y p a s s   l i n e   88  and  f i r s t   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   28,   and  a  s m a l l   p o r t i o n   of  t he   h y d r a u l i c  

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

b y p a s s   l i n e   94  and  f i r s t   b u c k e t   d i r e c t i o n a l   c o n t r o l  

v a l v e   30.  H y d r a u l i c   f l u i d   f rom  the   pump  6  i s   s u p p l i e d  

to  t h e   boom  c y l i n d e r   50  t h r o u g h   t he   s e c o n d   boom  d i r e c -  

t i o n a l   c o n t r o l   v a v l e   44  and  to  t h e   b u c k e t   c y l i n d e r   54  

t h r o u g h   t h e   b y p a s s   l i n e   102  and  s e c o n d   b u c k e t   d i r e c t i o n a l  

c o n t r o l   v a l v e   42.  Thus   boom,  arm  and  b u c k e t   c o m b i n e d  



o p e r a t i o n s   can  be  o b t a i n e d .  

(7)  F o u r   O p e r a t i o n s   of  S w i n g ,   Boom,  Arm  and  B u c k e t  

H y d r a u l i c   f l u i d   f r o m   t h e   pump  4  i s   s u p p l i e d  

to  t h e   s w i n g   m o t o r   48  t h r o u g h   t h e   s w i n g   d i r e c t i o n a l  

c o n t r o l   v a l v e   24,  to   t h e   boom  c y l i n d e r   50  t h r o u g h  

t h e   b y p a s s   l i n e   86  and  f i r s t   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   26,   to   t h e   arm  c y l i n d e r   52  t h r o u g h   t h e   b y p a s s  

l i n e   90  and  f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   2 8 ,  

and  to   t h e   b u c k e t   c y l i n d e r   54  t h r o u g h   t h e   b y p a s s   l i n e  

94  and  f i r s t   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   3 0 .  

H y d r a u l i c   f l u i d   f r o m   t h e   pump  6  i s   s u p p l i e d   to  t h e   b o o m  

c y l i n d e r   50  t h r o u g h   t h e   s e c o n d   boom  d i r e c t i o n a l   c o n t r o l  

v a l v e   44,   and  to  t h e   b u c k e t   c y l i n d e r   54  t h r o u g h   t h e  

b y p a s s   l i n e   102  and  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l  

v a l v e   42.  Thus  s w i n g ,   boom,   arm  a n d  b u c k e t   o p e r a t i o n s  

can   be  o b t a i n e d .  

(8)  O t h e r   O p e r a t i o n s  

The  p r o v i s i o n   of   t h e   b y p a s s   l i n e   88  e n a b l e s  

t r a v e l l i n g ,   boom,   and  arm  c o m b i n e d . o p e r a t i o n s   to   b e  

p e r f o r m e d .   A l s o ,   t h e   p r o v i s i o n   of  t h e   b y p a s s   l i n e s   86 

and  92  e n a b l e s   s w i n g ,   t r a v e l l i n g   and  boom  c o m b i n e d  

o p e r a t i o n s   and  s w i n g ,   t r a v e l l i n g   and  arm  c o m b i n e d  

o p e r a t i o n s   r e s p e c t i v e l y   to   be  p e r f o r m e d .   P a r t i c u l a r l y ,  

t h e   p r o v i s i o n   of   t h e   b y p a s s   l i n e   104  e n a b l e s   l e f t   s i d e  

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

o p e r a t i o n .   The  c o m b i n a t i o n   of  t h e   b y p a s s   l i n e   98  a n d  

t h r o t t l e   100  has   t h e   e f f e c t   of  a v o i d i n g   t h e   o c c u r r e n c e  

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



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

F i g .   4  shows  a  f o u r t h   e m b o d i m e n t   of  t h e  

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

in   w h i c h   p a r t s   s i m i l a r   to   t h o s e   shown  in   F i g s .   1  and  3 

a r e   d e s i g n a t e d   by  l i k e   r e f e r e n c e   c h a r a c t e r s .  

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

is   g e n e r a l l y   d e s i g n a t e d   by  t h e   r e f e r e n c e   n u m e r a l   1 1 0  

and  c o m p r i s e s   a  f i r s t   h y d r a u l i c   c i r c u i t   112  and  a  

s e c o n d   h y d r a u l i c   c i r c u i t   114 .   The  f i r s t   c i r c u i t   1 1 2  

c o m p r i s e s   a  f i r s t   v a l v e   g r o o v e   116  i n   w h i c h   t h e   a r r a n g e -  

ment   of  t h e   e l e m e n t s   i s   s u b s t a n t i a l l y   s i m i l a r   to  t h a t   o f  

t h e   e m b o d i m e n t   shown  in   F i g .   3  e x c e p t   t h a t   t h e   b u c k e t  

d i r e c t i o n a l   c o n t r o l   v a l v e   of  low  i m p o r t a n c e   i s   n o t  

m o u n t e d ,   t h a t   t h e   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   2 8  h a s  

i t s   i n l e t   p o r t   c o n n e c t e d   to  t h e   c e n t e r   b y p a s s   l i n e   2 1 ,  

no t   a  b y p a s s   l i n e ,   i n   a  p o s i t i o n   d o w n s t r e a m   of  t h e  

b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   26  by  a t t a c h i n g  

i m p o r t a n c e   to  t h e   o p e r a t i o n   of   t h e   l a t t e r ,   and  t h a t   n o  

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

d i r e c t i o n a l   c o n t r o l   v a l v e   32  and  s e c o n d   pump  6 .  

The  s e c o n d   c i r c u i t   114  c o m p r i s e s   a  s e c o n d  

v a l v e   g r o u p   118  in   w h i c h   t h e   a r r a n g e m e n t   of  t h e   e l e m e n t s  

is   s u b s t a n t i a l l y   s i m i l a r   to  t h a t   of  t h e   e m b o d i m e n t  

shown  in   F i g .   3 .  

The  s y s t e m   110  f u r t h e r   c o m p r i s e s   an  a u x i l i a r y  

l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   120  i n t e r -  

l o c k e d   w i t h   t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e  

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



a  b y p a s s   c i r c u i t   124  i n c l u d i n g   a  b y p a s s   l i n e   1 2 2  

c o n n e c t i n g   t h e   v a l v e   120  to   t h e   s e c o n d   pump  6.  T h e  

o n - o f f   v a l v e   64  m o u n t e d   in   t h e   b y p a s s   c i r c u i t   124  i s  

i n t e r l o c k e d   w i t h   t h e   v a l v e s   24,  26  and  28  u p s t r e a m   o f  

t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32  i n  

t h e   c e n t e r   b y p a s s   l i n e   21  by  t h e   l i n k a g e s   A,  B  a n d   C ,  

and  i s   b r o u g h t   to   an  open   p o s i t i o n   in   r e s p o n s e   t o  

a c t u a t i o n   of   e a c h   of   t h e   v a l v e s   24,  26  and  28.  L i k e  

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

l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   120  may  b e  

in  t h e   f o r m   of  a  s i x   p o r t   v a l v e .   By  u s i n g   t h e   v a l v e   1 2 0  

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

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

122  to  t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   3 2  

can  be  e l i m i n a t e d .  

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

c o n t r o l   v a l v e   28  has   i t s   i n l e t   p o r t   c o n n e c t e d   to   t h e  

c e n t e r   b y p a s s   l i n e   21  i n   a  p o s i t i o n   d o w n s t r e a m   of  t h e  

boom  d i r e c t i o n a l   c o n t r o l   v a l v e   26  as  a f o r e s a i d .   O w i n g  

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

c y l i n d e r   52  t h r o u g h   t h e   t h r o t t l e   92  and  t h u s   t h e   o p e r a -  

t i o n   of  t h e   arm  may  be  s l i g h t l y   r e d u c e d   in   s p e e d   i n  

c o m b i n e d   o p e r a t i o n s   i n v o l v i n g   t h e   boom  and  arm.   In  o t h e r  

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

s i m i l a r   to   t h a t   of  t h e   e m b o d i m e n t   shown  i n   F i g .   3 .  

F i g .   5  shows   a  f i f t h   e m b o d i m e n t   of  t h e   h y d r a u l i c  

d r i v e   s y s t e m   i n   c o n f o r m i t y   w i t h   t h e   i n v e n t i o n ,   i n   w h i c h  

p a r t s   s i m i l a r   to   t h o s e   shown  i n   F i g s .   1  and  3  a r e  



d e s i g n a t e d   by  t h e   r e f e r e n c e   n u m e r a l   130  and  c o m p r i s e s  

a  f i r s t   h y d r a u l i c   c i r c u i t   132  and  a  s e c o n d   h y d r a u l i c  

c i r c u i t   134  i n c l u d i n g   t h e   f i r s t   and  s e c o n d   h y d r a u l i c  

pumps  4  and   6  r e s p e c t i v e l y .   The  f i r s t   h y d r a u l i c   c i r c u i t  

132  f u r t h e r   i n c l u d e s   a  f i r s t   v a l v e   g r o u p   136  in   w h i c h  

t he   a r r a n g e m e n t   of   t h e   e l e m e n t s   i s   s u b s t a n t i a l l y   s i m i l a r  

to   t h a t   of   t h e   e m b o d i m e n t   shown  in   F i g .   3  e x c e p t   t h a t   n o  

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

r e s t r i c t o r  i s   m o u n t e d   i n   t h e   b y p a s s   l i n e   94  f o r   t h e   b u c k e t  

d i r e c t i o n a l   c o n t r o l   v a l v e   30.  The  s e c o n d   h y d r a u l i c  

c i r c u i t   132  i n c l u d e s   a  s e c o n d   v a l v e   g r o u p   138  in   w h i c h  

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

to  t h a t   of  t h e   e m b o d i m e n t   shown  in   F i g .   3.  In  a  b y p a s s  

c i r c u i t   140  c o n n e c t i n g   t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l  

c o n t r o l   v a l v e   32  t o   t h e   s e c o n d   pump  6,  t h e   o n - o f f   v a l v e  

64  i s   i n t e r l o c k e d   w i t h   t h e   v a l v e s   26,  28  and  30  u p s t r e a m  

o f  t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   32 

in  t h e   c e n t e r   b y p a s s   l i n e   21  by  t h e   l i n k a g e s   B,  C  and  D ,  

and  i s   b r o u g h t   to   an  open  p o s i t i o n   in   r e s p o n s e   t o  

a c t u a t i o n   of   e a c h   of   t h e   v a l v e s   26,  28  and  3 0 .  

The  h y d r a u l i c   d r i v e   s y s t e m   130  shown  in  F i g .   5 

f u r t h e r   c o m p r i s e s   a  t h i r d   h y d r a u l i c   c i r c u i t   144  i n c l u d i n g  

a  t h i r d   h y d r a u l i c   pump  142 ,   in   w h i c h   t h e   s w i n g   d i r e c t i o n a l  

c o n t r o l   v a l v e   24  i s   c o n n e c t e d   to  r e c e i v e   a  h y d r a u l i c  

f l u i d   s u p p l y   f r o m   t h e   pump  142  t h r o u g h   a  ma in   l i n e   1 4 6 .  

The  pump  142  i s   d r i v e n   by  a  p r i m e   mover   148  w h i c h   may  

be  t h e   same  one  as  or  d i f f e r e n t   ones   f rom  t he   p r i m e  

m o v e r s   12  and  14.  A  r e l i e f   v a l v e   150  i s   m o u n t e d   in   t h e  



main   l i n e  1 4 6 .  

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

o p e r a t i o n s   d e s c r i b e d   as  b e i n g   p e r f o r m e d  i n   t h e   t h i r d  

e m b o d i m e n t   can   a l s o   be  p e r f o r m e d   s u b s t a n t i a l l y   in   l i k e  

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

s w i n g   o p e r a t i o n   can   be  p e r f o r m e d   c o m p l e t e l y   i n d e p e n d e n t l y  

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

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

h e r e i n a b o v e ,   t h e   d i r e c t i o n a l   c o n t r o l   v a l v e s   2 4 - 3 2  

and  3 8 - 4 4   a r e   shown  as  b e i n g   m a n u a l l y   o p e r a t e d .  

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

t y p e   of   v a l v e s   and  v a l v e s   of   t h e   h y d r a u l i c   t y p e  

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

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

of  t h e   m e c h a n i c a l   t y p e   c o n t r o l l e d   by  m e c h a n i c a l   d i s -  

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

known  t y p e   may  be  u s e d .  

The  b y p a s s   c i r c u i t s   62,  106 ,   124  and  140  m o u n t  

t he   o n - o f f   v a l v e   64.  H o w e v e r ,   t h i s   i s   no t   e s s e n t i a l  

and  t h e   o n - o f f   v a l v e s   64  may  be  d i s p e n s e d   w i t h   and  t h e  

b y p a s s   l i n e s   60,  104  and  122  may  be  k e p t   open   a t   a l l  

t i m e s .   When  t h i s   i s   t h e   c a s e ,   t h e   l e f t   and  r i g h t  

t r a v e l l i n g   m o t o r s   56  and  58  w o u l d   be  c o m m u n i c a t e d   w i t h  

e a c h   o t h e r   d u r i n g   t r a v e l l i n g   o p e r a t i o n   w i t h   no  o t h e r  

o p e r a t i o n s   b e i n g   p e r f o r m e d .   Thus  i f   a  d i f f e r e n c e   i s  

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

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

m o t o r   of  l o w e r   w o r k i n g   p r e s s u r e ,   t h e r e b y   p r e v e n t i n g   t h e  



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

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

The  o n - o f f   v a l v e   64,   s e c o n d   boom  d i r e c t i o n a l  

c o n t r o l   v a l v e   44,  s e c o n d   arm  d i r e c t i o n a l   c o n t r o l   v a l v e  

40  and  s e c o n d   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   42  h a v e  

b e e n   d e s c r i b e d   as  b e i n g   i n t e r l o c k e d   by  t h e   l i n k a g e s  

A,  B,  C  and  D.  H o w e v e r ,   t h e   i n v e n t i o n   i s   no t   l i m i t e d  

to   t h i s   s p e c i f i c   a r r a n g e m e n t   of   t h e   v a l v e s   and  t h e  

v a l v e s   may  be  a c t u a t e d   i n d e p e n d e n t l y   by  s e p a r a t e  

o p e r a t i o n   l e v e r s .  

In  t h e   e m b o d i m e n t s   shown  in   F i g s .   1 ,  2 ,   3 

and  5,  t h e   b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   42  of  t h e  

s e c o n d   v a l v e   g r o u p s   18,  7 5 ,  8 5   and  138  may  be  d i s p e n s e d  

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

In  t h e   e m b o d i m e n t s   shown  in   F i g s .   1 - 5 ,   e i t h e r  

t h e   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   44  or  t h e   a r m  

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

18,   75,   85,  118  and  138  may  be  d i s p e n s e d   w i t h .   I n  t h e  

e m b o d i m e n t s   shown  in   F i g s .   1 - 5 ,   t h e   b u c k e t   d i r e c t i o n a l  

c o n t r o l   v a l v e   42  of  t h e   s e c o n d   v a l v e   g r o u p   may  be  l o c a t e d  

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

v a l v e   49  in   t h e   c e n t e r   b y p a s s   l i n e   when  t h e r e   i s   n o  

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

and  t r a v e l l i n g   o p e r a t i o n s .  

The  e m b o i d m e n t   shown  in   F i g .   1  may  be  m o d i f i e d  

in  s u c h   a  m a n n e r   t h a t   an  a u x i l i a r y   l e f t   t r a v e l l i n g  

d i r e c t i o n a l   c o n t r o l   v a l v e   may  be  p r o v i d e d   in   a d d i t i o n  

to  t h e   l e f t   t r a v e l l i n g   d i r e c t i o n a l - c o n t r o l   v a l v e   32 



as  shown  in   F i g .   4  and   a  b y p a s s   c i r c u i t   may  c o n n e c t  

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

v a l v e   to   t h e   s e c o n d   p u m p .  

A l s o   t h e   e m b o d i m e n t   shown  in   F i g .   1  may  b e  

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

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

i s   t h e   c a s e   w i t h   t h e   e m b o d i m e n t   shown  in   F i g .   5 .  



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

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

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

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

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

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

f l o w   of  h y d r a u l i c   f l u i d   f rom  t h e   f i r s t   pump  to  t h e  

a c t u a t o r s   a s s o c i a t e d   t h e r e w i t h ,   and  s a i d   s e c o n d   c i r c u i t  

i n c l u d i n g   a  s e c o n d   h y d r a u l i c   pump,   and  a  s e c o n d   v a l v e  

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

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

pump  to  t h e   a c t u a t o r s   a s s o c i a t e d   t h e r e w i t h ,   s a i d  

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

t r a v e l l i n g   a c t u a t o r s ,   a  boom  a c t u a t o r   and  an  arm  a c t u a t o r ,  

w h e r e i n :  

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

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l l i n g  

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

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

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

boom  a c t u a t o r ,   and  a  f i r s t   arm  d i r e c t i o n a l   c o n t r o l  

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

a c t u a t o r ,   s a i d   f i r s t   boom  and  arm  d i r e c t i o n a l   c o n t r o l  

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

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

in  t h e   f i r s t   c i r c u i t   so  as  to  be  a b l e   to  r e c e i v e   a  

h y d r a u l i c   f l u i d   s u p p l y   f rom  t h e   f i r s t   pump  by  t a k i n g  



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

v a l v e ;  

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

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l l i n g  

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

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

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

to   t h e   boom  a c t u a t o r   a n d / o r   a  s e c o n d   arm  d i r e c t i o n a l  

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

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

c o n t r o l   v a l v e   b e i n g   c o n n e c t e d   to   t h e   s e c o n d   pump  in  a  

p o s i t i o n   u p s t r e a m   of  t h e   s e c o n d   boom  a n d / o r   arm  d i r e c -  

t i o n a l   c o n t r o l   v a l v e s   in   t h e   s e c o n d   c i r c u i t   so  as  t o  

be  a b l e   to   r e c e i v e   a  h y d r a u l i c   f l u i d   s u p p l y   f rom  t h e  

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

a n d / o r   arm  d i r e c t i o n a l   c o n t r o l   v a l v e s ;   a n d  

t h e   s y s t e m   f u r t h e r   c o m p r i s e s   a  b y p a s s   c i r c u i t  

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

pump  and  t h e   one  t r a v e l l i n g   a c t u a t o r ,   s a i d   b y p a s s  

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

f rom  t h e   s e c o n d   pump  to  be  r e c e i v e d   by  t h e   f i r s t  

t r a v e l l i n g   a c t u a t o r   when  at   l e a s t   one  of  t h e   d i r e c -  

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

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

i n c l u d e   t h e   boom  and  arm  d i r e c t i o n a l   c o n t r o l   v a l v e s   i s  

a c t u a t e d .  

2.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m   1 ,  

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



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

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

b r o u g h t   to  an  open   p o s i t i o n   c o n j o i n t l y   w i t h   a c t u a t i o n  

of  at   l e a s t   one  of  t h e   d i r e c t i o n a l   c o n t r o l   v a l v e s   o f  

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

d i r e c t i o n a l   c o n t r o l   v a l v e .  

3.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

1  or  2,  w h e r e i n   s a i d   b y p a s s   l i n e   c o n n e c t s   s a i d   s e c o n d  

pump  to  s a i d   f i r s t   t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e .  

4.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

1  or  2,  w h e r e i n   s a i d   b y p a s s   c i r c u i t   i n c l u d e s   a  t h i r d  

t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   c o n n e c t e d   in   s a i d  

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

d i r e c t i o n a l   c o n t r o l   v a l v e .  

5.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m   1 ,  

w h e r e i n   s a i d   s e c o n d   boom  a n d / o r   arm  d i r e c t i o n a l   c o n t r o l  

v a l v e s   a re   i n t e r l o c k e d   w i t h   s a i d   f i r s t   boom  and  a r m  

d i r e c t i o n a l   c o n t r o l   v a l v e s .  

6.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

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

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

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

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

s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   b e i n g   c o n n e c t e d   to  s a i d  

f i r s t   pump  in  a  p o s i t i o n   u p s t r e a m   of  s a i d   f i r  t   a r m  

and  t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e s   in  s a i d   f i r s t  

c i r c u i t   so  as  to  be  a b l e   to   r e c e i v e   a  h y d r a u l i c   f l u i d  

s u p p l y   f rom  t h e   f i r s t   pump  by  t a k i n g   p r i o r i t y   o v e r   t h e  



f i r s t   arm  and  t r a v e l l i n g   d i r e c t i o n a l   c o n t r o l   v a l v e s ,  

and  s a i d   f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   b e i n g  

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

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

of  s a i d   s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e .  

7.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

1  or  6  i n   w h i c h   s a i d   p l u r a l i t y   of   a c t u a t o r s   f u r t h e r  

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

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

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

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

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

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

d i r e c t i o n a l   c o n t r o l   v a l v e   and  t h e   s e c o n d   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e .  

8.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

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

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

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

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

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

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

pump  in  a  p o s i t i o n   u p s t r e a m   of   s a i d   f i r s t   boom  and  a r m  

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

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

f i r s t   pump  by  t a k i n g   p r i o r i t y   o v e r   t h e   f i r s t   boom  a n d  

arm  d i r e c t i o n a l   c o n t r o l   v a l v e s ,   and  s a i d   s e c o n d   v a l v e  

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



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

b u c k e t   a c t u a t o r ,   s a i d   s e c o n d   boom  and  b u c k e t   d i r e c t i o n a l  

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

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

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

d i r e c t i o n a l   c o n t r o l   v a l v e   and  s e c o n d   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e .  

9.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in  c l a i m   1 

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

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

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

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

pump  and  a  s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l -  

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

f r o m   s a i d   t h i r d   pump,   and  s a i d   f i r s t   arm  d i r e c t i o n a l  

c o n t r o l   v a l v e   is   c o n n e c t e d   to  t h e   f i r s t   pump  t h r o u g h   a  

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

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

v a l v e .  

10.   A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in  c l a i m   9 

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

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

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

f l o w   of  h y d r a u l i c   f l u i d   to  s a i d   b u c k e t   a c t u a t o r ,   s a i d  

b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   b e i n g   c o n n e c t e d   to  a  

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

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

v a l v e   and  t h e   s e c o n d   boom  d i r e c t i o n a l   c o n t r o l   v a l v e .  



11.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m   1 ,  

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

i s   c o n n e c t e d   to   t h e   f i r s t   pump  t h r o u g h   an  e i g h t h   b y p a s s  

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

of  t h e   f i r s t   boom  and  arm  d i r e c t i o n a l   c o n t r o l   v a l v e s ,  

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

m o u n t e d   t h e r e i n .  

12.   A  h y d r a u l i c   d r i v e   s y s t e m  a s   c l a i m e d   in   c l a i m   1 1  

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

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

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

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

s a i d   s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   b e i n g   c o n n e c t e d  

to   t h e   f i r s t   pump  in   a  p o s i t i o n   u p s t r e a m   of   t h e   f i r s t  

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

c i r c u i t   so  as  to   be  a b l e   to   r e c e i v e   a  h y d r a u l i c   f l u i d  

s u p p l y   f r o m   t h e   f i r s t   pump  by  t a k i n g   p r i o r i t y   o v e r   t h e  

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

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

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

v a l v e .  

13.   A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

12,   w h e r e i n   s a i d   f i r s t   boom  d i r e c t i o n a l   c o n t r o l   v a l v e   i s  

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

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

of  t h e   s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e .  

14.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

12,   w h e r e i n   s a i d   f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   i s  



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

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

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

v a l v e .  

15.   A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

13,   w h e r e i n   s a i d   f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   i s  

c o n n e c t e d  t o   an  e l e v e n t h   b y p a s s   l i n e   c o n n e c t e d   to  t h e  

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

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

v a l v e .  

16.   A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in  c l a i m  

12,   w h e r e i n   s a i d   f i r s t   arm  d i r e c t i o n a l   c o n t r o l   v a l v e   i s  

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

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

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

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

17.   A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m   1 3 ,  

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

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

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

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

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

18.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in  a n y  o n e  

of  c l a i m s   1 4 - 1 7   in  w h i c h   s a i d   p l u r a l i t y   of  a c t u a t o r s  

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

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

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

to  s a i d   b u c k e t   a c t u a t o r ,   s a i d   b u c k e t   d i r e c t i o n a l   c o n t r o l  



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

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

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

d i r e c t i o n a l   c o n t r o l   v a l v e .  

19.  A  h y d r u a l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

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

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

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

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

pump  and  a  s w i n g   d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l -  

l i n g   f l o w   of  h y d r a u l i c   f l u i d   f r o m   t h e   t h i r d   pump  to   t h e  

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

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

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

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

20.  A  h y d r a u l i c   d r i v e   s y s t e m   as  c l a i m e d   in   c l a i m  

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

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

i n c l u d e s   a  b u c k e t   d i r e c t i o n a l   c o n t r o l   v a l v e   f o r   c o n t r o l -  

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

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

to  a  s i x t e e n t h   b y p a s s   l i n e   c o n n e c t e d   to  t h e   s e c o n d  

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

d i r e c t i o n a l   c o n t r o l   v a l v e   and  t h e   s e c o n d   boom  d i r e c -  

t i o n a l   c o n t r o l   v a l v e .  
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