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Hydraulic  circuit  selector  with  flow  control. 
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A  hydraulic  circuit  selector  with  flow  control  for  selective- 
ly  operating  any  one  of  a  plurality  of  hydraulic  actuators  (22, 24) 
at  a  given  time  and  for  bypassing  the  excess  flow  to  the  sump 
(34)  if  the  actuator  (24)  being  operated  requires  a  lower  fluid 
flow  rate  than  that  supplied  to  the  circuit  selector  (50).  An  ori- 
fice  (80  or  90)  is  disposed  between  the  circuit  selector  (50)  and 
actuator  (24)  in  each  line  (64  or  66)  which  may  function  as  a 
pressure  line  to  the  actuator.  A  hydraulic  line  (82,  85  or  92,  95) 
is  connected  to  the  pressure  line  (64  or  66)  upstream  from  the 
orifice  (80  or  90)  and  to  a  return  line  (66  or  64).  A  bypass  valve 
(84  or  94)  is  disposed  in  the  connecting  line  (82,  85  or  92,  95) 
and  detects  a  pressure  drop  across  the  orifice  (80  or  90)  to 
open  the  bypass  valve  (84  or  94)  and  bypass  the  excess  flow 
from  the  pressure  line  to  the  return  line. 



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

s e l e c t o r   w i t h   f l o w   c o n t r o l .  

I t  i s   common  on  i n d u s t r i a l   v e h i c l e s ,   s u c h   as  f o r k  

l i f t   t r u c k s   and  t h e   l i k e ,   to   p r o v i d e   a t t a c h m e n t s   on  t h e  

v e h i c l e s   f o r   p e r f o r m i n g   s p e c i a l i z e d   work   o p e r a t i o n s .  

A l t h o u g h   some  a t t a c h m e n t s   h a v e   o n l y   one  f u n c t i o n ,   a n d  

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

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

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

or   more   f u n c t i o n s   w i t h   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 ,  

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

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

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

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

h a v e   o n l y   a  min imum  n u m b e r   of  h o s e   l i n e s   e x t e n d i n g   o v e r   t h e  

u p r i g h t s   to   a t t a c h m e n t s   a t   t h e  f r o n t   of  t h e   t r u c k .   N o r m a l l y ,  

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

a c t u a t o r ,   one  to   f u n c t i o n   as  a  p r e s s u r e   l i n e   f rom  t h e  

h y d r a u l i c   pump  on  t h e   v e h i c l e   to   t h e   a c t u a t o r   on  t h e  



a t t a c h m e n t ,   and  t h e   o t h e r   to   s e r v e   as  a  r e t u r n   l i n e  

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

When  two  o r   more   a c t u a t o r s   a r e   p r e s e n t   on  t h e   a t t a c h m e n t ,  

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

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

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

a c t u a t o r s   w i l l   be  s u p p l i e d   w i t h   p r e s s u r i z e d   h y d r a u l i c   f l u i d .  

The  m a i n   l i n e s   t r a n s f e r   f l u i d   to   and  f rom  t h e   c i r c u i t  

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

of  t h e   a c t u a t o r s   to   t h e   c i r c u i t   s e l e c t o r .  

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

s u p p l y i n g   two  o r   more   a c t u a t o r s   f r o m   one  pump,   t h r o u g h   a  

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

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

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

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

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

f l o w   r e q u i r e m e n t ;   and  f l o w  r e d u c t i o n   m e a n s   m u s t   be  p r o v i d e d  

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

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

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

f l u i d   f l o w   has   b e e n   to  p r o v i d e   an  o r i f i c e   to   r e d u c e   t h e  

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

v a l v e   a s s o c i a t e d   w i t h   t h e   pump  has   b e e n   u s e d   to   b y p a s s   t h e  

e x c e s s   f l u i d   f l o w   f rom  t h e  p u m p   t o   t h e   r e s e r v o i r .   The  p a s t  

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

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

f r o m   t h e   pump  a r e   i n e f f i c i e n t   and  w a s t e f u l   in   t e r m s   o f  

e n e r g y   c o n s u m p t i o n   and  p o w e r   u t i l i z a t i o n .  



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

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

o p e r a t i n g   one  of  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   h a v i n g  

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

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

and  w h i c h   a u t o m a t i c a l l y   b y p a s s e s   t h e   e x c e s s   f l u i d   f l o w   to   t h e  

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

r e q u i r e m e n t   t h a n   t h e   f l o w   s u p p l i e d   f rom  t h e   pump  i s   b e i n g  

o p e r a t e d .  

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

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

be  a d j u s t e d   to   p r o v i d e   t h e   r e q u i r e d   f l u i d   f l o .  f o r   v a r i o u s  

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

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

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

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

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

t h e   l i n e   of  t h e   p a i r   f u n c t i o n i n g   as  a  r e t u r n   l i n e .  

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

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

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

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

maximum  s u p p l i e d   f r o m   a  s o u r c e .   Two  o p e r a t o r   c o n t r o l l e d  

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

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

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

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

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



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

a c t u a t o r   r e q u i r i n g   t h e   maximum  f l o w   r a t e .   An  a c t u a t o r  

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

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

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

a c t u a t o r   i s   d o u b l e   a c t i n g .   The  f l o w   c o n t r o l   v a l v e   i n c l u d e s  

an  o r i f i c e   and  a  b y p a s s   v a l v e   r e s p o n s i v e   to   a  m i n i m a l  

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

when  t h e   r e q u i r e d   p r e s s u r e   d r o p   i s   d e t e c t e d ,   and  t h e  

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

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

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

f l o w   c o n t r o l s   may  be  of  t h e   v a r i a b l e   t u n i n g   t y p e ,   so  t h a t  

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

can  be  u s e d   f o r   v a r i o u s   d e v i c e s ,   and  t h e   o r i f i c e   can   b e  

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

on  t h e   d e v i c e .  

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

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

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

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

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

R e f e r r i n g   more   s p e c i f i c a l l y   to   t h e   d r a w i n g ,   n u m e r a l  

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

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

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

of   a c t u a t o r s ,   and  f o r   b y p a s s i n g   t h e   e x c e s s   f l u i d   to   t h e  

r e s e r v o i r   when  an  a c t u a t o r   r e q u i r i n g   l e s s   t h a n   t h e   m a x i m u m  

f l u i d   f l o w   i s   b e i n g   o p e r a t e d .   C i r c u i t   10  i n c l u d e s   a  



h y d r a u l i c   pump  12  and  an  o p e r a t o r   c o n t r o l l e d   a u x i l i a r y  

v a l v e   a s s e m b l y ,   i n d i c a t e d   in   t h e   d r a w i n g   by  t h e   b o x  

d e s i g n a t e d   by  n u m e r a l   14,   w h i c h ,   on  a  f o r k   l i f t   t r u c k ,  

f o r   e x a m p l e ,   n o r m a l l y   w i l l   be  on  t h e   body   of   t h e   t r u c k .  

H y d r a u l i c   l i n e s   16  and  18  c o n n e c t   t h e   a u x i l i a r y   v a l v e   t o  

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

by  t h e   n u m e r a l   20  in   t h e   d r a w i n g .   The  c i r c u i t   s e l e c t o r  

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

a c t u a t o r s   22  and  24,  w h i c h   may  be  h y d r a u l l c   m o t o r s ,  

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

d e v i c e s .  

A u x i l i a r y   v a l v e   a s s e m b l y   14  i n c l u d e s   a  v a l v e   m e a n s   26  

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

30  and  32  w h i c h   a r e   s e l e c t e d   f o r   t h e   d e s i r e d   d i r e c t i o n   o f  

o p e r a t i o n   f o r   a c t u a t o r s   22  and  24.  Pump  12  pumps  f l u i d   f r o m  

a  r e s e r v o i r   or  sump  34  t h r o u g h   a  p r e s s u r e   l i n e   36  to   v a l v e  

26.  When  v a l v e   26  i s   in   t h e   n e u t r a l   p o s i t i o n   t h e   f l u i d  

pumped   by  pump  12  f l o w s   t h r o u g h   t h e   n e u t r a l   s e c t i o n   to   a  

r e t u r n   l i n e   38  and  b a c k   to   sump  34.  The  f l u i d   c o m m u n i c a t i n g  

s e c t i o n s   30  and  32  o p e r a t e   to   t r a n s f e r   t h e   f l u i d   t h r o u g h   t h e  

v a l v e   so  t h a t   in   one  of  t h e   p o s i t i o n s ,   i . e . ,   t h a t   d e s i g n a t e d  

by  n u m e r a l   30  in   t h e   f i g u r e ,   h y d r a u l i c   l i n e   16  o p e r a t e s   a s  

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

h y d r a u l i c   l i n e   18  o p e r a t e s   as  a  r e t u r n   l i n e   f r o m   t h e  

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

i n d i c a t e d   by  n u m e r a l   32  in   t h e   f i g u r e ,   h y d r a u l i c   l i n e   18  

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

a s s e m b l y ,   and  h y d r a u l i c   l i n e   16  as  a  r e t u r n   l i n e   f rom  t h e  

a s s e m b l y .   H e n c e ,   by  s e l e c t i n g   t h e   p o s i t i o n   f o r   v a l v e   2 6 ,  



e i t h e r   of  t h e   a c t u a t o r s   22  or   24  can   be  o p e r a t e d   i n  

e i t h e r   d i r e c t i o n .   A  p r e s s u r e   c o n t r o l   v a l v e   40  i s  

d i s p o s e d   b e t w e e n   h y d r a u l i c   l i n e   36  and  r e t u r n   l i n e s  

42  and  38  and  i s   c o n n e c t e d   to   l i n e   36  by  l i n e   43  f o r  

s e n s i n g   t h e   p r e s s u r e   in   l i n e   36  and  t h u s   o p e r a t i n g   t h e  

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

36  to   v a l v e   means   2 6 .  

C i r c u i t   s e l e c t o r   a s s e m b l y   20  i n c l u d e s   a  c i r c u i t   v a l v e  

50  f o r   s e l e c t i v e l y   o p e r a t i n g   e i t h e r   of  a c t u a t o r s   22  or  2 4 ,  

and  f l o w   c o n t r o l   v a l v e s   52  and  54  f o r   b y p a s s i n g   t h e   e x c e s s  

f l u i d   to   sump  34  when  o p e r a t i n g   a c t u a t o r   24.  C i r c u i t   v a l v e  

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

f l o w   t h e r e t h r o u g h   t o   t h e   h y d r a u l i c   a c t u a t o r s .   T h e  

p o s i t i o n s   a r e   shown  i n  t h e   d r a w i n g   as  s e c t i o n s   56  and  5 8 ,  

one  of   w h i c h   i s   in   f l o w   c o m m u n i c a t i o n   w i t h   h y d r a u l i c   l i n e s   16  

a n d   18  when  e i t h e r   a c t u a t o r   i s   o p e r a t e d .   S e c t i o n   58  c o n n e c t s  

h y d r a u l i c   l i n e s   16  and   18  to   h y d r a u l i c   l i n e s   60  and  62  f o r  

d i r e c t   f l o w   c o m m u n i c a t i o n   w i t h   a c t u a t o r   22,   w h i c h ,   f o r  

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

v a l v e   a s s e m b l y   14.   O p e r a t i o n   of   a c t u a t o r   22  in   e i t h e r  

d i r e c t i o n   as  s e l e c t e d   by  v a l v e   26  w i l l   o c c u r   a t   s u b s t a n t i a l l y  

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

l i n e   36,   in   t h a t   no  f l o w   r e s t r i c t i o n   i s   i n t e r p o s e d   b e t w e e n  

l i n e   36  and  a c t u a t o r   22.  S e c t i o n   56  c o n n e c t s   h y d r a u l i c  

l i n e s   16  and  18  to   h y d r a u l i c   l i n e s   64  and  66,  and  p l a c e s  

a c t u a t o r   24  in   f l o w   c o m m u n i c a t i o n   w i t h   v a l v e   a s s e m b l y   1 4 .  

The  h y d r a u l i c   f l u i d   p a s s e s   t h r o u g h   one  or  t h e   o t h e r   o f  

f l o w   c o n t r o l   v a l v e s   52  and  54  when  a c t u a t o r   24  i s   o p e r a t e d ,  

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



a c t u a t o r   24  i s   b y p a s s e d   b a c k   to   sump  34.  H y d r a u l i c   l i n e   64  

i s   c o n n e c t e d   to   one  s i d e   of  a c t u a t o r   24  and  i s  

c o n n e c t e d   by  s e c t i o n   56  of  c i r c u i t   v a l v e   50  to   h y d r a u l i c  

l i n e   16.  F low  c o n t r o l   v a l v e   52  i s   d i s p o s e d   in   l i n e   64  

b e t w e e n   c i r c u i t   v a l v e   50  and  a c t u a t o r   24  f o r   r e d u c i n g   t h e  

f l o w   of  f l u i d   to   a c t u a t o r   24  when  l i n e   64  i s   t h e   p r e s s u r e  

l i n e .   H y d r a u l i c   l i n e   66  i s   c o n n e c t e d   to   t h e   o t h e r   s i d e   o f  

a c t u a t o r   24,  and  i s   c o n n e c t e d   by  s e c t i o n   58  of  c i r c u i t   v a l v e  

50  to   h y d r a u l i c   l i n e   18.  F low  c o n t r o l   v a l v e   54  i s   d i s p o s e d  

in   l i n e   64  b e t w e e n   c i r c u i t   v a l v e   50  and  a c t u a t o r   24  f o r  

r e d u c i n g   t h e   f l u i d   f l o w   to  a c t u a t o r   24  when  l i n e   66  i s   t h e  

p r e s s u r e   l i n e .   One  or  t h e   o t h e r   of  t h e   f l o w   c o n t r o l   v a l v e s  

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

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

of  t h e   l i n e s   64  or  66  i s   t h e   p r e s s u r e   l i n e ,   as  c o n t r o l l e d  

by  v a l v e   2 6 .  

F low  c o n t r o l   v a l v e   52  i n c l u d e s   a  t u n i n g   o r i f i c e   8 0  

w h i c h   may  be  t u n e d   to   t h e   f l o w   r e q u i r e m e n t s   of  a c t u a t o r   2 4 .  

A  h y d r a u l i c   l i n e   82  c o n n e c t s   h y d r a u l i c   l i n e   64  a n t e r i o r   t o  

o r i f i c e   80  t o  a   r e l i e f  v a l v e   84  w h i c h   in   t u r n   i s   c o n n e c t e d   t o  

h y d r a u l i c   l i n e   66  by  l i n e   85.  The  r e l i e f   v a l v e   84  i s  

r e s p o n s i v e   to   a  p r e s s u r e   d r o p   a c r o s s   o r i f i c e   80,  s e n s e d  

t h r o u g h   p i l o t   l i n e s   86  and  88  c o n n e c t i n g ,   r e s p e c t i v e l y ,  

r e l i e f   v a l v e   84  w i t h   h y d r a u l i c   l i n e   82  and  r e l i e f   v a l v e   8 4  

w i t h   h y d r a u l i c   l i n e   64  d o w n s t r e a m   f r o m   o r i f i c e   80.  T h u s ,   a  

p r e s s u r e   d r o p   a c r o s s   o r i f i c e   80,  as  d e t e r m i n e d   by  t h e   s i z e  

of  t h e   o r i f i c e   and  t h e   f o r c e   of  a  c a l i b r a t e d   s p r i n g   89,   o p e n s  

r e l i e f   v a l v e   84,   and  t h e   e x c e s s   f l u i d   n o t   r e q u i r e d   f o r  

o p e r a t i o n   of  a c t u a t o r   24  p a s s e s   t h r o u g h   v a l v e   84  a n d  



h y d r a u l i c   l i n e   85  to   h y d r a u l i c   l i n e   66.  The  p r e s s u r e  

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

v a l v e   can   be  r e l a t i v e l y   s m a l l ,   s u c h   as  a  3 . 5 3 k g / c m  2  ( 5 0   P S I )  

d r o p .  

F low   c o n t r o l   v a l v e   54  i s   s i m i l a r   to   v a l v e   52,  a n d  

i n c l u d e s   a  t u n i n g   o r i f i c e   90  w h i c h   may  be  t u n e d   to   t h e   f l o w  

r e q u i r e m e n t s   of  a c t u a t o r   24.  A  h y d r a u l i c   l i n e   92  c o n n e c t s  

h y d r a u l i c   l i n e   66  a n t e r i o r   to   o r i f i c e   90  to   a  r e l i e f   v a l v e  

94  w h i c h   in   t u r n   i s   c o n n e c t e d   to   h y d r a u l i c   l i n e   64  b y  

l i n e   95.  R e l i e f   v a l v e   94  i s   r e s p o n s i v e   to   a  p r e s s u r e   d r o p  

a c r o s s   o r i f i c e   90,  s e n s e d   t h r o u g h   p i l o t   l i n e s   96  and  98  

c o n n e c t i n g ,   r e s p e c t i v e l y ,   r e l i e f   v a l v e   94  w i t h   h y d r a u l i c  

l i n e   92,  and  r e l i e f   v a l v e   94  w i t h   h y d r a u l i c   l i n e   66  

d o w n s t r e a m   f r o m   o r i f i c e   90.  T h u s ,   a  p r e s s u r e   d r o p   a c r o s s  

o r i f i c e   90,  as  d e t e r m i n e d   by  t h e   s i z e   of  t h e   o r i f i c e   a n d  

t h e   f o r c e   of  a  c a l i b r a t e d   s p r i n g   99,  o p e n s   r e l i e f   v a l v e   9 4 ,  

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

24  p a s s e s   t h r o u g h   v a l v e   94  and  h y d r a u l i c   l i n e   95  t o  

h y d r a u l i c   l i n e   6 4 .  

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

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

i f   a c t u a t o r   22  i s   to   be  o p e r a t e d ,   c i r c u i t   v a l v e   50  i s  

o p e r a t e d   to   p l a c e   h y d r a u l i c   l i n e s   16  and  18  in   f l o w  

c o m m u n i c a t i o n   w i t h   h y d r a u l i c   l i n e s   60  and  62  t h r o u g h   v a l v e  

s e c t i o n   58.  I f   v a l v e   26  i s   in   t h e   n e u t r a l   p o s i t i o n ,  

h y d r a u l i c   f l u i d   f rom  pump  12  c i r c u l a t e s   f r e e l y   b a c k   to   s u m p  

34  t h r o u g h   r e t u r n   l i n e   38.  I f   s e c t i o n   30  of  v a l v e   26  

c o n n e c t s   t h e   v a r i o u s   h y d r a u l i c   l i n e s ,   l i n e   16  f u n c t i o n s   a s  

a  p r e s s u r e   l i n e ,   l i n e   18  f u n c t i o n s   as  a  r e t u r n   l i n e   a n d  



a c t u a t o r   22  w i l l   o p e r a t e   to   move  t h e   p i s t o n   in   t h e  

a c t u a t o r   to   t h e   l e f t   as  shown  in   t h e   d r a w i n g .   I f   s e c t i o n  

32  i s   u s e d   to   c o n n e c t   t h e   h y d r a u l i c   l i n e s ,   l i n e   18  f u n c t i o n s  

as  t h e   p r e s s u r e   l i n e ,   and  l i n e   16  f u n c t i o n s   as  t h e   r e t u r n  

l i n e ,   so  t h a t   a c t u a t o r   22  w i l l   s e q u e n c e   to   t h e   r i g h t .  

The  f l u i d   s u p p l i e d   f rom  pump  12  to   a c t u a t o r   22  w i l l   be  a t  

s u b s t a n t i a l l y   t h e   same  p r e s s u r e   as  i t   i s   when  i t   i s   in   l i n e  

36  c o m i n g   f r o m   t h e   pump,   t h e   p r e s s u r e   b e i n g   d e t e r m i n e d   b y  

t h e   s e t t i n g   s e l e c t e d   f o r   c o n t r o l   v a l v e   40  by  a  c a l i b r a t e d  

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

t h r o u g h   l i n e   4 3 .  

For   p u r p o s e s   of  i l l u s t r a t i o n ,   a s s u m e   t h a t   a c t u a t o r   24  

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

pump  12.  T u n i n g   o r i f i c e s   80  and  90  a r e   a d j u s t e d   to  r e s t r i c t  

t h e   f l u i d   f l o w   to   m e e t   t h e   r e q u i r e m e n t s   of  a c t u a t o r   24.  T o  

o p e r a t e   a c t u a t o r   24,  c i r c u i t   v a l v e   50  i s   o p e r a t e d   to   p l a c e  

s e c t i o n   56  in  c o m m u n i c a t i o n   w i t h   l i n e s   16  and  18,  t h e r e b y  

c o n n e c t i n g   l i n e s   16  and  18  w i t h   l i n e s   64  and  66.  I f   v a l v e  

26  i s   in   a  p o s i t i o n   so  t h a t   l i n e   16  i s   a  p r e s s u r e   l i n e   a n d  

l i n e   18  a  r e t u r n   l i n e ,   t h e   h y d r a u l i c   f l u i d   w i l l   f l o w   t h r o u g h  

l i n e   64  and  f l o w   c o n t r o l   v a l v e   52  to  a c t u a t o r   24.  As  t h e  

f l u i d   f l o w s   t h r o u g h   o r i f i c e   80,  t h e   p r e s s u r e   d r o p   a c r o s s   t h e  

o r i f i c e   i s   d e t e c t e d   by  r e l i e f   v a l v e   84,  and  t h e   r e l i e f   v a l v e  

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

o p e r a t i o n   of  a c t u a t o r   24,  t h r o u g h   h y d r a u l i c   l i n e s   82  and  85  

to  l i n e   66  and  r e t u r n   l i n e   18  to   sump  34.  I f   v a l v e   26  i s   i n  

a  p o s i t i o n   so  t h a t   l i n e   18  i s   a  p r e s s u r e   l i n e   and  l i n e   16  

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

66  and  f l o w   c o n t r o l   v a l v e   54  to   a c t u a t o r   24,  and  t h e  



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

t h a t   j u s t   d e s c r i b e d .   As  t h e   f l u i d   f l o w s   t h r o u g h  

o r i f i c e   90,   t h e   p r e s s u r e   d r o p   a c r o s s   t h e   o r i f i c e   i s  

d e t e c t e d   by  r e l i e f   v a l v e   94,  and  t h e   r e l i e f   v a l v e   w i l l  

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

o p e r a t i o n   of  a c t u a t o r   24  t h r o u g h   h y d r a u l i c   l i n e s   92  a n d  

95  to   l i n e   64  and  r e t u r n   l i n e   16  to   sump  3 4 .  

O r i f i c e s   80  and  90,   b e i n g   t u n i n g   o r i f i c e s ,   p e r m i t  

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

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

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

v a l v e s   84  and   94  r e s p o n d   to   a  p r e d e t e r m i n e d   p r e s s u r e   d r o p  

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

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

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

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

m e n t s .   The  same  g e n e r a l   p r i n c i p a l s   may  be  a p p l i e d   t o  

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

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

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

is   of  t h e   s i n g l e   a c t i n g   t y p e ,   so  t h a t   o n l y   one  of  t h e   l i n e s  

to  t h e   a c t u a t o r   f u n c t i o n s   as  a  p r e s s u r e   l i n e ,   o n l y   one  f l o w  

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



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

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

f l u i d   f l o w   s u p p l i e d   to   t h e   s e l e c t o r ,   c h a r a c t e r i z e d   in   t h a t  

s a i d   s e l e c t o r   c o m p r i s e s   a  c i r c u i t   v a l v e   (50)  f o r   r e c e i v i n g  

a  f l o w   of  h y d r a u l i c   f l u i d   f rom  a  h y d r a u l i c   f l u i d   s u p p l y  

s o u r c e   (12)  and  f o r   d i r e c t i n g   t h e   f l o w   of  f l u i d   to   s a i d  

h y d r a u l i c   a c t u a t o r   ( 2 4 ) ,   a  p r e s s u r e   l i n e   (64  or  66)  f r o m  

s a i d   c i r c u i t   v a l v e   to   s a i d   a c t u a t o r ,   a  r e t u r n   l i n e   (66  o r  

64)  f rom  s a i d   a c t u a t o r   to   s a i d   c i r c u i t   v a l v e ,   f l o w  

r e s t r i c t i o n   means   (80  or  90)  in   s a i d   p r e s s u r e   l i n e   f o r  

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

a c t u a t o r ,   and  a  b y p a s s   v a l v e   (84  or  94)  s e n s i n g   t h e  

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

h a v i n g   a  f i r s t   c o n d u i t   m e a n s   (82  or  92)  c o n n e c t e d   to   s a i d  

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

a  s e c o n d   c o n d u i t   means   (85  or  95)  c o n n e c t e d   to   s a i d   r e t u r n  

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

l i n e   to   s a i d   r e t u r n   l i n e .  

2.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   in  C l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   r e s t r i c t i o n   means   (80  or  90)  i s  

a  t u n i n g   o r i f i c e .  

3.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   in  C l a i m   1 

or   2 ,  c h a r a c t e r i z e d   in   t h a t   a  f i r s t   p i l o t   l i n e   (86  or   9 6 )  

c o n n e c t s   s a i d   b y p a s s   v a l v e   (84  or  94)  to   s a i d   p r e s s u r e   l i n e  

(64  or  66)  u p s t r e a m   f r o m   s a i d   r e s t r i c t i o n   means   ( 8 0 ' o r   9 0 ) ,  

and  a  s e c o n d   p i l o t   l i n e   (88  or  98)  c o n n e c t s   s a i d   b y p a s s   v a l v e  

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

f o r   m a k i n g   s a i d   b y p a s s   v a l v e   r e s p o n s i v e   to   a  p r e s s u r e   d r o p  



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

4.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   i n  

C l a i m   1,  2  or  3  c h a r a c t e r i z e d   in   t h a t   f i r s t   and  s e c o n d  

l i n e s   (64  and  66)  a r e   d i s p o s e d   b e t w e e n   s a i d   a c t u a t o r   ( 2 4 )  

and  s a i d   c i r c u i t   v a l v e   ( 5 0 ) ,   s a i d   f i r s t   l i n e   (64)  b e i n g   a  

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

d i r e c t i o n   and  a  r e t u r n   l i n e   when  t h e   a c t u a t o r   o p e r a t e s   i n  

a  s e c o n d   d i r e c t i o n ,   s a i d   s e c o n d   l i n e   (66)  b e i n g   a  r e t u r n  

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

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

d i r e c t i o n ,   a  f l o w   r e s t r i c t i o n   means   ( 8 0 , 9 0 )   d i s p o s e d   in   e a c h  

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

( 8 2 , 8 5   and  9 2 , 9 5 )   e a c h   c o n n e c t e d   to   s a i d   f i r s t   and  s e c o n d  

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

m e a n s   in   s a i d   l i n e s ,   and  a  b y p a s s   v a l v e   ( 8 4 , 9 4 )   d i s p o s e d   i n  

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

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

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

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

p r e s s u r e   l i n e .  

5.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   in   C l a i m   4 ,  

c h a r a c t e r i z e d   in   t h a t   a  f i r s t   p a i r   of  p i l o t   l i n e s   (86  and  8 8 )  

c o n n e c t   one  of  s a i d   b y p a s s   v a l v e s   (84)  to   s a i d   f i r s t   l i n e  

(64)  on  o p p o s i t e   s i d e s   of  s a i d   f l o w   r e s t r i c t i o n   m e a n s   ( 8 0 )  

t h e r e i n ,   and  a  s e c o n d   p a i r   of  p i l o t   l i n e s   (96  and  9 8 )  

c o n n e c t   t h e   o t h e r   of  s a i d   b y p a s s   v a l v e s   (94)  t o   s a i d   s e c o n d  

l i n e   (66)  on  o p p o s i t e   s i d e s   of  s a i d   f l o w   r e s t r i c t i o n   m e a n s  

(90)  t h e r e i n   f o r   m a k i n g   t h e   o p e r a t i o n   of  s a i d   b y p a s s   v a l v e s  

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



r e s t r i c t i o n   m e a n s .  

6.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   in   a n y  

one  of  t h e   p r e c e d i n g   c l a i m s ,   è h a r a c t e r i z e d   in   t h a t   a n  

a u x i l i a r y   v a l v e   a s s e m b l y   (14)  i s   d i s p o s e d   b e t w e e n   t h e   f l u i d  

s u p p l y   s o u r c e   (12)  and  s a i d   c i r c u i t   v a l v e   (50)  and  i n c l u d e s  

f l o w   c o m m u n i c a t i n g   s e c t i o n s   (30  and  32)  f o r   s e l e c t i v e l y  

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

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

( 2 4 ) .  

7.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   in   a n y  o n e  

of  t h e   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in   t h a t   s a i d  

c i r c u i t   v a l v e   (50)  has   f l o w   c o m m u n i c a t i n g   s e c t i o n s   ( 5 6 , 5 8 )  

f o r   s e l e c t i v e l y   s u p p l y i n g   f l u i d   f rom  s a i d   s u p p l y   s o u r c e   ( 1 2 )  

e i t h e r   to   s a i d   h y d r a u l i c   a c t u a t o r   (24)  by  way  of  s a i d   b y p a s s  

v a l v e   ( 8 4 , 9 4 )   or  to   a  s e c o n d   h y d r a u l i c   a c t u a t o r   ( 2 2 ) .  

8.  A  h y d r a u l i c   c i r c u i t   s e l e c t o r   as  d e f i n e d   i n  

C l a i m   7,  i n s o f a r   as  t h i s   i s   d e p e n d e n t   upon   c l a i m   6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   a u x i l i a r y   v a l v e   a s s e m b l y   ( 1 4 )  

and  s a i d   c i r c u i t   v a l v e   (50)  a r e   m a n u a l l y   o p e r a b l e   to   s e l e c t  

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