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©  Power  transmission. 

A  hydraulic  system  comprising  a  fixed  displacement 
pump  (10)  driven  by  a  prime  mover  operable  at  variable 
speeds  and  a  flow  control  valve  (18)  operable  to  return  a 
portion  of the  hydraulic fluid  from  the  outlet of the  pump  (10) 
to  the  inle  (17)  of  the  pump  (10)  and  draw  fluid  from  a 
reservoir  (14)  to  replenish  the  fluid  at  the  inlet  (17)  when  the 
pump  (10)  is  operated  at  higher  speeds.  An  auxiliary  passage 
(26,  27)  extends  from  the  reservoir  (14)  and  communicates 
with  the  inlet  (17)  of the  pump  (10)  upstream  from  the  system 
flow  drawn  from  the  reservoir (14)  by  the  opening  of the flow 
control  valve  (18)  and  normally  isolated  during  low  speed 
operation  from  the  bypass  flow  (25)  by  the  flow  control  valve 
(18, 21)  thereby  providing  auxiliary  flow  to  the  inlet  (17)  at 
lower  speeds. 



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   s y s t e m s   and  p a r t -  

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

w h i c h   u t i l i z e   a  f i x e d  d i s p l a c e m e n t   pump  d r i v e n   by  a  p r i m e  

m o v e r   t h a t   o p e r a t e s   a t   v a r i a b l e   s p e e d s .  

BACKGROUND  AND  SUMMARY  OF  THE  INVENTION 

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

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

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

t h e   s y s t e m   o p e r a t e s   a t   a  p r e d e t e r m i n e d   c o n s t a n t ' v o l u m e  

c o n t r o l l e d   by  a  f l o w   c o n t r o l   v a l v e .   The  f l o w   c o n t r o l   v a l v e  

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

d i r e c t e d   to   t h e   p o w e r   s t e e r i n g   b o o s t e r   by  b y p a s s i n g   some  o f  

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

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

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

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

b o o s t e r ,   i t   is   common  t h a t   t h e r e   may  be  e x c e s s i v e   i n l e t  

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

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

T y p i c a l   s y s t e m s  a r e   shown  in   U n i t e d   S t a t e s   P a t e n t s   2 , 8 8 0 , 6 7 4  

and  3 , 2 0 7 , 0 7 7 .  



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

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

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

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

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

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

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

u s e   of   t h e   s h a f t   s e a l s   b e c a u s e   of   t h e   l e s s e r   t e n d e n c y   to   d r a w  

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

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

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   an  a u x i l i a r y   p a s s a g e  

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

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

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

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

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

t o  t h e   i n l e t .  

DESCRIPTION  OF  THE  DRAWINGS 

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



D E S C R I P T I O N  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   as  shown  in  F i g .   1 ,  

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

10  d r i v e n   by  a  p r i m e   m o v e r   s u c h   a s  t h e   e n g i n e   of  an  a u t o -  

m o t i v e   v e h i c l e   to   s u p p l y - f l u i d   t h r o u g h   an  o r i f i c e   11  to   a  

s t e e r i n g   b o o s t e r   12  s u c h  a s   a  l i n e a r   or   r o t a r y   h y d r a u l i c  

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

a  l i n e   13  i s   to   a  r e s e r v o i r   14 .   F l u i d  f r o m   t h e   r e s e r v o i r  

n o r m a l l y   f l o w s  t h r o u g h   a  l i n e   15  and   a  p a s s a g e   16  to   t h e  

i n l e t   17  of  t h e   pump.   A  f l o w   c o n t r o l   v a l v e   18  c o m p r i s i n g  

a  s p o o l   19  h a v i n g   s p a c e d   l a n d s   20,   21  i s   p r o v i d e d   in  a  

b o r e   22  and  i s   o p e r a b l e   in   a c c o r d a n c e   w i t h   w e l l   k n o w n  

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

p r e d e t e r m i n e d   r a t e .   A  l i n e   23  e x t e n d s   f r o m   t h e   o u t l e t  

of  t h e   pump  and  has   an  o r i f i c e   24  t h e r e i n   to   t h e   s p r i n g  

end  of   t h e   s p o o l .   When  t h e   v o l u m e   e x c e e d s   a  p r e d e t e r m i n e d  

r a t e ,   t h e   l a n d   21  moves   t o   t h e   b r o k e n   l i n e   p o s i t i o n   c a u s i n g  

a  p o r t i o n  o f   t h e   f l u i d   t o   f l o w   t h r o u g h   l i n e   25  b e t w e e n  

t h e   l a n d   21  and  t h e   e d g e   o f   t h e   b o r e   i n t o   t h e   i n l e t   1 7 .  

The  p a s s a g e   16  a s p i r a t e s   f u r t h e r   h y d r a u l i c   f l u i d   f l o w  

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

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

and  shown  in  t h e   a f o r e m e n t i o n e d   U n i t e d   S t a t e s   P a t e n t s  

2 , 8 8 0 , 6 7 4   and  3 , 2 0 7 , 0 7 7   w h i c h   s h o u l d   be  r e f e r r e d   to   f o r  

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

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   an  a u x i l i a r y   p a s s -  

age  26  i s   p r o v i d e d   and  c o m m u n i c a t e s   as  shown  d i a g r a m m a t i c a l l y  

by  a  l i n e   27  w i t h   t h e   r e s e r v o i r   14 .   P a s s a g e   26  f u n c t i o n s  

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

i n l e t   17  a t   t h e   l o w e r   s p e e d s .   I t   i s   n o t e d   t h a t   t h e   p a s s -  

age  26  is   l o c a t e d   u p s t r e a m   f r o m   t h e   p a s s a g e   16  and  i s  



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

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

p o s i t i o n .  

T h u s ,   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   i n v e n t i o n  

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

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

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

t e n a n c e   t h a t   m i g h t   be  c a u s e d   by  v a c u u m   and  c a v i t a t i o n a l  

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

t h e   p r e s s u r e   a t  t h e   i n l e t   s u p p l e m e n t i n g   t h e   s u p e r c h a r g i n g  

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



1.  In   a  h y d r a u l i c   s y s t e m   c o m p r i s i n g   a  f i x e d   d i s p l a c e -  

m e n t   pump  (10)  d r i v e n   by  a  p r i m e   m o v e r   o p e r a b l e   a t   v a r i a b l e  

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

f l o w ,   a  f l o w   c o n t r o l   v a l v e   (18)  o p e r a b l e   to   r e t u r n   a  p o r t i o n  

of  t h e   h y d r a u l i c   f l u i d   f r o m   t h e   o u t l e t   of  t h e   pump  (10)  t o  

t h e   i n l e t   of   t h e   pump  and   d r a w   f l u i d   f r o m   a  r e s e r v o i r   ( 1 4 )  

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

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

a  p a s s a g e   ( 2 6 , 2 7 )   e x t e n d i n g   f rom  t h e   r e s e r v o i r   and  c o m -  

m u n i c a t i n g  w i t h   t h e   i n l e t   (17)  of   t h e   pump  (10)  u p s t r e a m   f r o m  

t h e   s y s t e m   f l o w   r e t u r n   (16)  d r a w n   f rom  t he   r e s e r v o i r   (14)  b y  

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

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

t h e r e b y   p r o v i d i n g   a u x i l i a r y   f l o w   to   t h e  i n l e t .  

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

s a i d   b y p a s s   f l o w   p a s s a g e   ( 2 5 ) ,   s y s t e m   f l o w   r e t u r n   p a s s a g e  

( 1 6 ) ,   and  a u x i l i a r y   p a s s a g e   (26)  a r e   in  s a i d   h o u s i n g   of  t h e  

p u m p ,  
s a i d   f l o w   c o n t r o l   v a l v e   (18)  b e i n g   o p e r a b l e   when  t h e  

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

b y p a s s   f l o w   p a s s a g e   (25)  t o w a r d   t h e   i n l e t   and  a s p i r a t e   f l o w  

f rom  t h e   s y s t e m   f l o w   r e t u r n   t o   t h e   i n l e t .  

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

s a i d   pump  h o u s i n g   has   a  b o r e   ( 2 2 ) ,  

s a i d   f l o w   c o n t r o l   v a l v e   c o m p r i s i n g   a  s p o o l   (19)  in  s a i d  



b o r e   h a v i n g   f i r s t   a n d   s e c o n d   l a n d s   ( 2 0 , 2 1 ) ,  

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

f l o w   p a s s a g e   (25)  t o   t h e   i n l e t   u p s t r e a m   of   t h e   s y s t e m   f l o w  

r e t u r n   p a s s a g e ,  
s a i d   a u x i l i a r y   p a s s a g e   (26)  i n t e r s e c t i n g   s a i d   b o r e   ( 2 2 )  

b e t w e e n   s a i d   l a n d s   ( 2 0 , 2 1 )   and   i s o l a t e d   f r o m   s a i d   b y p a s s   f l o w  

r e t u r n   by  s a i d   f l o w . c o n t r o l   v a l v e   when  s a i d   f l o w   c o n t r o l   v a l v e  

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

p a s s a g e   t o   s a i d   i n l e t .  

4.  In   a  h y d r a u l i c   s y s t e m  c o m p r i s i n g   a  f i x e d   d i s p l a c e -  

men t   pump  (10)  d r i v e n  b y   a  p r i m e   m o v e r   o p e r a b l e   a t   v a r i a b l e  

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

f l o w ,   a  f l o w   c o n t r o l   v a l v e   (18)  o p e r a b l e   t o   r e t u r n   a  p o r t i o n  

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

i n l e t   of   t h e   pump  ( 1 0 )  a n d   d r a w   f l u i d   f r o m   a  r e s e r v o i r   ( 1 4 )  

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

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

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

d i r e c t i n g   f l u i d   e x t e n d i n g   f r o m   t h e   r e s e r v o i r   (14)  to   t h e  

i n l e t   o f   t h e   pump  (20)  u p s t r e a m   f r o m   t h e   s y s t e m   f l o w   r e t u r n  

(16)  d r a w n   f r o m   t h e   r e s e r v o i r   (14)  by  t h e   f l o w   c o n t r o l   v a l v e  

(18)  and   n o r m a l l y   i s o l a t i n g   s a i d   f l u i d   d u r i n g   low  s p e e d  

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

t h e r e b y   p r o v i d i n g   a u x i l i a r y   f l o w   to   t h e   i n l e t .  
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