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essure  and  a  load  sensing  compensator  (18,19)  for  operat- 
9  a  pump  adjusting  mechanism  (1  1-13)  to  vary  the  displace- 
ent  by  applying  hydraulic  fluid  to  a  hydraulic  positioning ston  (13)  and  a  spring  biased  piston  (12).  The  load  sensing 
mpensator  (19)  senses  the  pressure  drop  of  the  working lid  flow  across  a  system  valve  (1  5)  and  applies  a  modulated 
essure  to  the  hydraulic  positioning  piston  (13).  The  spring ised  piston  (12)  is  connected  (line  21  )  to  a  load  sensing  line 
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m i s   i n v e n t i o n   r e l a t e s   to  v a r i a b l e   d i s p l a c e m e n t  
pump  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   pump  c o n t r o l  
s y s t e m s   t h e r e o f .  

I t   i s   known  ( U S - A - 3 , 5 5 4   , 093 )   to  p r o v i d e   a  
v a r i a b l e   d i s p l a c e m e n t   pump  w i t h   a  p r e s s u r e   c o m p e n s a 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   p o s i t i o n i n g   p i s t o n   to  v a r y   t h e  
a i s p l a c e m e n t   of  t he   pump  a g a i n s t   t he   a c t i o n   of  a  s p r i n g  
D i a s e d   p i s t o n .   I t   is   a l s o   known  to  p r o v i d e   a  l o a d   s e n s i n g  
/ a l v e   or  c o m p e n s a t o r   wh ich   f u n c t i o n s   to  o p e r a t e   t h e  
l y d r a u l i c   p o s i t i o n i n g   p i s t o n   to  v a r y   t h e   d i s p l a c e m e n t   o f  
the  pump  a g a i n s t   t he   a c t i o n   of  t he   s p r i n g   b i a s e d   p i s t o n ,  
rhe  l o a d   s e n s i n g   c o m p e n s a t o r   is   a c t i v e   as  t h e   p r i m a r y  
jump  c o n t r o l   e x c e p t   when  the   p r e s s u r e   of  t h e   pump  is   a t  
:he  l i m i t   s e t   by  the   p r e s s u r e   c o m p e n s a t o r   a t   w h i c h   t i m e  
:he  p r e s s u r e   c o m p e n s a t o r   o v e r r i d e s   t he   l o a d   s e n s i n g  
: o m p e n s a t o r .   In  a d d i t i o n ,   i t   is   known  to  a p p l y   the   f l u i d  
> r e s s u r e   d e l i v e r e d   to  a  s y s t e m   or  d i r e c t i o n a l   v a l v e   t o  
/ork  in  u n i s o n   w i t h   the   s p r i n g   b i a s e d   p i s t o n .  

One  of  the   p r o b l e m s   w i t h   s u c h   a  s y s t e m   is   t h a t  
m d e r   h e a v y   l o a d s   and  when  the   c o n n e c t i n g   l i n e s   a r e   s h o r t ,  
:he  s y s t e m   t e n d s   to  become  u n s t a b l e   c a u s i n g   h y d r a u l i c  
m l s a t i o n s   and  r e s u l t a n t   o s c i l l a t i n g   m o v e m e n t   of  t he   l o a d  
>r  d e v i c e   b e i n g   c o n t r o l l e d .  

A c c o r d i n g l y ,   an  o b j e c t i v e   of  the   p r e s e n t  
n v e n t i o n   i s   to  p r o v i d e   a  v a r i a b l e   d i s p l a c e m e n t   p u m p  
y s t e m   w h i c h   is   more  s t a b l e .  

In  a c c o r d a n c e   w i t h   the   i n v e n t i o n ,   t he   l o a d  
p r e s s u r e   as  t a k e n   from  a  l o a d   s e n s i n g   p o r t   or  d o w n s t r e a m  
rom  the   s y s t e m   v a l v e   is   c o n n e c t e d   to  d e l i v e r   t h i s   l o a d  
p r e s s u r e   to  the   s p r i n g   b i a s e d   p i s t o n   r a t h e r   t h a n   u s i n g  
he  o u t p u t   p r e s s u r e   of  the   pump  to  t he   s p r i n g   b i a s i n g  
i s t o n   . 

An  e m b o d i m e n t   of  the   i n v e n t i o n   i s   d e s c r i b e d  
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L  by  r e f e r e n c e   to  t h e   d r a w i n g   w h i c h   shows   a  s c h e m a t i c   o f  

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

The  v a r i a b l e   d i s p l a c e m e n t   pump  10  may  be  o f  

t he   v a r i a b l e   a x i a l   p i s t o n   t y p e   shown  in  US-A-3  ,554  ,  0 9 3  

5  w h i c h   i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e   and  c o m p r i s e s  

a  yoke   and  a  s w a s h   p l a t e   11  t h a t   a r e   m o v a b l e   to  v a r y   t h e  

s t r o k e   of  a x i a l   p i s t o n s   ( n o t   s h o w n ) .   A  f i r s t   s m a l l e r  

p o s i t i o n i n g   p i s t o n   12  w h i c h   i s   s p r i n g   b i a s e d   and  i s   a c t e d  

upon   by  a  p r e s s u r e   y i e l d i n g l y   u r g e s   t h e   yoke  and  t h e   s w a s h  

D  p l a t e   11  to  a  maximum  d i s p l a c e m e n t   p o s i t i o n .   A  s e c o n d  

l a r g e r   p o s i t i o n i n g   p i s t o n   13  a c t s   on  t h e   yoke   and  t h e  

s w a s h   p l a t e   11  in  o p p o s i t i o n   to  t h e   f i r s t   p o s i t i o n i n g  

p i s t o n   12.  W o r k i n g   f l u i d   f l o w   f rom  t h e   pump  10  i s   d i r e c t e d  

t h r o u g h   a  f e e d   l i n e   1  4  to  a  d i r e c t i o n a l   v a l v e   s y s t e m   15 

5  ( " s y s t e m   v a l v e " )   and  e x t e n d e d   to  a  l o a d   s u c h   as  a  h y d r a u l i c   j 

a c t u a t o r .   In  t h e   known  s y s t e m   (US-A-3   ,554  , 0 9 3 )   a  c o n t r o l   j 

l i n e   16  ( shown   in  d a s h e d   l i n e s )   c o n n e c t s   t he   pump  o u t l e t  

to  t he   f i r s t   p o s i t i o n i n g   p i s t o n   12.  Pump  o u t l e t   p r e s s u r e   j 

i s   c o n n e c t e d   t h r o u g h   a  f u r t h e r   c o n t r o l   l i n e   1  7  to  a  -  j 

0  c o m p e n s a t o r   a r r a n g e m e n t   18  /  19.  The  c o m p e n s a t o r  

a r r a n g e m e n t   c o m p r i s e s   a  p r e s s u r e   c o m p e n s a t o r   18  w h i c h   may 

be  of  t he   p i l o t   v a l v e   22  c o n t r o l l e d   t y p e   to  d e c r e a s e   t h e  

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

by  t he   s p r i n g   f o r c e   on  p i l o t   v a l v e   22  ( p r o t e c t i o n   a g a i n s t  

25  o v e r   p r e s s u r e ) .  

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

l o a d   s e n s i n g   c o m p e n s a t o r   19  w h i c h   is   c o n n e c t e d   a t   i t s  

f i r s t   s p o o l   end  19a  by  the   c o n t r o l   l i n e   17,  17a  to  p u m p  

o u t l e t   p r e s s u r e ,   and  at   i t s   s e c o n d   s p o o l   end  1  9b  by  a  

30  l o a d   s e n s i n g   l i n e   20  d o w n s t r e a m   of  t h e   s y s t e m   v a l v e   15 

to  the   p r e s s u r e   of  f l u i d   b e i n g   d e l i v e r e d   to  t he   l o a d .  

Thus  the   d r o p   in  p r e s s u r e   a c r o s s   t he   v a l v e   s y s t e m   15  i s  

s e n s e d   by  c o m p e n s a t o r   19  wh ich   f u n c t i o n s   to  m o d u l a t e   pump 

o u t l e t   p r e s s u r e   in  l i n e s   17,  17a  and  to  d e l i v e r   s u c h  

35  m o d u l a t e d   p r e s s u r e   v ia   l i n e s   1  7b  ,  1  7c  to  t he   s e c o n d  

p o s i t i o n i n g   p i s t o n   13.  M o d u l a t i o n   a l s o   d e p e n d s   on  t h e  

s p r i n g   p r e l o a d   of  c o m p e n s a t o r   19.  The  s e c o n d   p o s i t i o n i n g  

p i s t o n   13  w h i c h   i s   l a r g e r   in  c r o s s   s e c t i o n   t h a n   t h e   f i r s t   | 
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1  p o s i t i o n i n g   p i s t o n   d e t e r m i n e s   the   p o s i t i o n   of  t h e   y o k e  
and  s w a s h p l a t e   11  and  t h e r e f o r e   pump  d e l i v e r y   r a t e .   T h e  
d i s p l a c e m e n t   i s   v a r i e d   in  a  manne r   to  d e l i v e r   e x a c t l y  
t he   l o a d   f l o w   r e q u i r e d   by  t he   a c t u a t o r   or  a c t u a t o r s   a t  

5  t h e   l o a d   p r e s s u r e ,   w h i c h   i s ,   f o r   e x a m p l e ,   14  to  21  b a r  
(200  to   300  p . s . i . )   b e l o w   t h e   pump  o u t l e t   p r e s s u r e .  
When  t h i s   d i f f e r e n c e   of  14  to  21  ba r   i s   e x e e d e d ,   t he   s p r i n g  
p r e l o a d   of  t he   c o m p e n s a t o r   19  i s   s u r m o u n t e d   and  a  
m o d u l a t e d   p r e s s u r e   p r o d u c e d   w h i c h   l o w e r s   the   d i s p l a c e m e n t  

10  of  t he   pump  so  t h a t   t he   p r e s s u r e   d i f f e r e n c e   is  m a i n t a i n e d .  
I t   has   been   f o u n d   t h a t   such   a  h y d r a u l i c   s y s t e m  

i s   u n s t a b l e   u n d e r   h i g h   l o a d s   r e s u l t i n g   in  p u l s a t i o n   o f  
t h e   f l u i d   and  o s c i l l a t i n g   of  the   d e v i c e   b e i n g   c o n t r o l l e d ,  
p a r t i c u l a r l y   when  f l o w s   a r e   s m a l l .  

15  In  a c c o r d a n c e   w i t h   the   i n v e n t i o n ,   t h e   u s u a l  
c o n t r o l   l i n e   16  i s   e l i m i n a t e d   and  a  c o n t r o l   l i n e   21  i s  
a d d e d   w h i c h   e x t e n d s   f rom  t h e   l o a d   s e n s i n g   l i n e   20  d o w n -  
s t r e a m   of  v a l v e   s y s t e m   15  to  the   f i r s t   p o s i t i o n i n g   p i s t o n  
12  w h i c h ,   t h e r e f o r e ,   i s   a c t e d   upon  by  l o a d   p r e s s u r e .  

20  I t   has   b e e n   f o u n d   t h a t   such   a  s y s t e m   o v e r c o m e s  
the   p r o b l e m   of  s t a b i l i t y   of   t he   p r i o r   a r t   s y s t e m .  

I t   is   b e l i e v e d   t h a t   any  c h a n g e   in  t h e   f l o w   r a t e  
has  a  s i m u l t a n e o u s   i n f l u e n c e   on  b o t h   p o s i t i o n i n g   p i s t o n s  
12  and  13,  i .   e.  c h a n g e s   in   t he   l o a d   p r e s s u r e   and  in  t h e  

25  m o d u l a t e d   p r e s s u r e   w i l l   a r r i v e   p r a c t i c a l l y   s i m u l t a n e o u s l y  
at   t he   f i r s t   p o s i t i o n i n g   p i s t o n   12  and  the   s e c o n d   p o s i t i o n -  
ing   p i s t o n   13,  r e s p e c t i v e l y ,   w h e r e a s   i t   i s   b e l i e v e d   t h a t  
in  t he   p r i o r   a r t   s y s t e m   t h e   i n f l u e n c e   on  the   f i r s t   p i s t o n  
12  (pump  o u t l e t   p r e s s u r e )   i s   f o l l o w e d   w i t h   a  t i m e   l a g  

JO  by  the  i n f l u e n c e   on  the   s e c o n d   p i s t o n   13  ( m o d u l a t e d  

p r e s s u r e )   so  t h a t   t he   p o s i t i o n   of  t he   s w a s h   p l a t e   i s  
c h a n g e d   in  one  d i r e c t i o n   i m m e d i a t e l y   f o l l o w e d   by  a  c h a n g e  
in  the   o t h e r   d i r e c t i o n   w h i c h   m i g h t   be  t he   r e a s o n   f o r   t h e  
p u l s a t i o n s   o b s e r v e d .  

'5  A l t h o u g h   the   s y s t e m   has  been   d e s c r i b e d   as  u s e d  
in  c o n n e c t i o n   w i t h   a  v a r i a b l e   d i s p l a c e m e n t   pump  of  t h e  
swash   p l a t e   t y p e ,   i t   w i l l   be  u n d e r s t o o d   by  p e r s o n s   s k i l l e d  
in  t he   a r t   t h a t   i t   i s   a l s o   a p p l i c a b l e   to  o t h e r   t y p e s   o f  



pumps  h a v i n g   d i f f e r i n g   pump  a d j u s t i n g   m e c h a n i s m   f o r  

v a r y i n g   the   d i s p l a c e m e n t   s u c h   as  e c c e n t r i c   a d j u s t m e n t  

v a r i a b l e   vane   pumps  and  pumps  u s i n g   a  r o t a t i n g   g r o u p  

h o u s e d   in   a  t i l t a b l e   yoke   a s s e m b l y .  
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1  •  A  v a r i a b l e   d i s p l a c e m e n t   h y d r a u l i c   p u m p  
c o n t r o l   s y s t e m   c o m p r i s i n g  
a  v a r i a b l e   d i s p l a c e m e n t   pump  (10)   h a v i n g   an  o u t l e t   a n d  
an  i n l e t   and  i n c l u d i n g   a  pump  a d j u s t i n g   m e c h a n i s m   (11  -  
13)  c o m p r i s i n g   a  h y d r a u l i c   p o s i t i o n i n g   p i s t o n   means   ( 1 3 )  
and  s p r i n g   b i a s e d   p i s t o n   means   (12)   y i e l d i n g l y   o p p o s i n g  
s a i d   p o s i t i o n i n g   p i s t o n   means  ( 1 3 ) ,  
Load  s e n s i n g   c o m p e n s a t o r   means  ( 1 9 ) ,  
" i r s t   p a s s a g e   means   (17 ,   17a)  c o n n e c t i n g   t he   o u t l e t   o f  
the  pump  to  one  end  (19a )   of  s a i d   l o a d   s e n s i n g   c o m p e n s a t o r  
fieans  (19)   f o r   s e n s i n g   the   p r e s s u r e   a t   t h e   o u t l e t   of  t h e  
jump  ( 1 0 ) ,  

; e c o n d   p a s s a g e   means   ( 1 7 b ,   17c)  e x t e n d i n g   b e t w e e n   s a i d  
-oad  s e n s i n g   c o m p e n s a t o r   means  (19)   and  s a i d   p o s i t i o n i n g  
> i s t o n   means   (13)   f o r   moving   s a i d   pump  a d j u s t i n g  
l e c h a n i s m   (11  -  13)  in  r e s p o n s e   to  a c t i v a t i o n   of  s a i d  
oad  s e n s i n g   c o m p e n s a t o r   means  ( 1 9 ) ,  
i  s y s t e m   v a l v e   ( 1 5 ) ,  
h i r d   p a s s a g e   means   (14)   b e t w e e n   the   o u t l e t   of  s a i d   pump 
10)  and  s a i d   s y s t e m   v a l v e   ( 1 5 ) ,  
o u r t h   p a s s a g e   means   (20)  e x t e n d i n g   b e t w e e n   the   o t h e r  
nd  ( 1 9 b )   of  s a i d   l o a d   s e n s i n g   c o m p e n s a t o r   means   ( 1 9 )  
nd  s a i d   s y s t e m   v a l v e   ( 1 5 ) ,   a n d  
i f t h   p a s s a g e   means   (21)  b e t w e e n   s a i d   f o u r t h   p a s s a g e   m e a n s  
20)  d o w n s t r e a m   of  s a i d   s y s t e m   v a l v e   (15)   and  s a i d   s p r i n g  
i a s e d   p i s t o n   means   ( 1 2 ) .  

2.  The  v a r i a b l e   d i s p l a c e m e n t   pump  c o n t r o l  
y s t e m   s e t   f o r t h   in   c l a i m   1  i n c l u d i n g   p r e s s u r e   c o m p e n s a t e d  
i s t o n   means   (18)   h a v i n g   one  end  c o n n e c t e d   to  s a i d   f i r s t  
a s s a g e   means   ( 1 7 ) ,  
a id   p r e s s u r e   c o m p e n s a t e d   means  (18)   b e i n g   c o n n e c t e d   i n  
a id   s e c o n d   p a s s a g e   means  ( 1 7 b ,   17c)  and  r e s p o n s i v e   t o  
r e s s u r e   in   s a i d   s e c o n d   p a s s a g e   means   to  c h a n g e   t h e  
r e s s u r e   to  s a i d   p o s i t i o n i n g   means   (13)   and  t h e r e b y   v a r y  
ne  d i s p l a c e m e n t   of  the   pump  a d j u s t i n g   m e c h a n i s m   ( 1 1 )  
Ten  t he   p r e s s u r e   e x c e e d s   a  p r e d e t e r m i n e d   a m o u n t .  
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