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©  Variable-displacement  sliding-vane  pump. 

©  A  variable-displacement  sliding  vane  pump  in  which  a 
generally  cylindrical  cam  member  (49)  formed  with  an  axial 
bore  (50)  is  positioned  in  a  cavity  (35)  in  a  pump  housing  (34) 
and  is  rockable  about  an  axis  (54)  fixed  with  respect  to  the 
pump  housing  (34)  and  in  which  a  cylindrical  rotor  (55)  is 
rotatable  in  the  axial  bore  (50)  in  the  cam  member  (49)  about 
an  axis  (Or)  fixed  with  respect  to  the  pump  housing  (34)  and 
offset  from  the  center  axis  (Oc)  of  the  axial  bore  (50)  in  the 
cam  member  (49)  and  is  formed  with  radial  slots  (57)  having 
vanes  (58)  slidably  received  in  the  slots  (57),  respectively, 
wherein  a  pressure-acting  member  (60)  responsive  to  varia- 
tion  in  the  pressure  of  the  fluid  delivered  from  the  pump 
chamber  (56)  formed  between  the  rotor  (55)  and  the  cam 

,  member  (49)  is  operative  to  drive  the  cam  member  (49)  to 
1  turn  about  the  axis  (54)  of  rocking  motions  of  the  cam 

member  (49)  in  a  direction  to  reduce  the  amount  of 
I  eccentricity  between  the  axis  (Or)  of  rotation  of  the  rotor  (55) 
'  and  the  center  axis  (Oc)  of  the  cam  member  (49)  in  response '  to  an  increase  in  the  fluid  pressure,  the  pressure-acting 
.  member  (60)  being  constructed  separately  of  the  pump 
i  housing  (34)  and  being  urged  to  turn  the  cam  member  (49) 
 ̂ about  the  axis  (54)  of  rocking  motions  thereof  in  a  direction 
to  increase  the  aforesaid  amount  of  eccentricity. 

Q. 
HI 

Croydon  Printing  Company  Ltd. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  v a r i a b l e - d i s p l a c e m e n t  

s l i d i n g - v a n e   pump  f o r   use  w i t h ,   f o r   e x a m p l e ,   a  f l u i d - o p e r a t e d  

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

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

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

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

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

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

h o l l o w   cam  member  p o s i t i o n e d   in  t h e   c a v i t y   in  t h e   p u m p  

h o u s i n g   and  r o c k a b l e   in  t h e   c a v i t y   a b o u t   an  a x i s   f i x e d   w i t h  

r e s p e c t   to  t h e   pump  h o u s i n g ,   t he   cam  member  b e i n g   f o r m e d   w i t h  

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

w i t h   t h e   a x i s   of  r o c k i n g   m o t i o n s   of  t he   cam  member ,   a  

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

member  and  r o t a t a b l e   in  t h e   a x i a l   b o r e   a b o u t   an  a x i s  

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

of  t he   b o r e   in  t h e   cam  member ,   t he   a m o u n t   of  e c c e n t r i c i t y  

b e t w e e n   t he   c e n t e r   a x i s   of  t he   a x i a l   b o r e   and  t h e   a x i s   o f  

r o t a t i o n   of  t h e   r o t o r   b e i n g   v a r i a b l e   d e p e n d i n g   upon  t h e  

a n g u l a r   p o s i t i o n   of  t he   cam  member  w i t h   r e s p e c t   to   t h e   r o t o r  

a b o u t   t h e   a x i s   of  r o c k i n g   m o t i o n s   of  t he   cam  member ,   t h e  

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

member  and  t he   o u t e r   p e r i p h e r a l   s u r f a c e   of  t he   r o t o r   a  

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

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



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

m o v a b l e   t o w a r d   and  away  from  t h e   i n n e r   p e r i p h e r a l   s u r f a c e   o f  

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

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

in  t he   p r e s s u r e   of  t h e   f l u i d   d e l i v e r e d   f rom  t h e  p u m p   c h a m b e r  

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

means   c o m p r i s i n g   a  p r e s s u r e - a c t i n g   member  w h i c h   i s   r e s p o n s i v e  

to   v a r i a t i o n   in  the   p r e s s u r e   of  t h e   f l u i d   d e l i v e r e d   f rom  t h e  

pump  c h a m b e r   t h r o u g h   the   f l u i d   d i s c h a r g e   p o r t   and  w h i c h   i s  

o p e r a t i v e   to   d r i v e   t h e   cam  member   to   t u r n   w i t h   r e s p e c t   to   t h e  

pump  h o u s i n g   and  to   t he   r o t o r   a b o u t   t h e   a x i s   of  r o c k i n g  

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

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

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

means   u r g i n g   t h e   cam  member  to   t u r n   w i t h   r e s p e c t   to   t h e   pump 

h o u s i n g   and  to  t h e   r o t o r   a b o u t   t h e   a x i s   of  r o c k i n g   m o t i o n s   o f  

t h e   cam  member  in  a  d i r e c t i o n   to   i n c r e a s e   t h e   a f o r e s a i d  

a m o u n t   of   e c c e n t r i c i t y .  

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

s l i d i n g - v a n e   pump  and  d e t a i l e d   f e a t u r e s   and  a d v a n t a g e s   of  a  

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

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

d e s c r i p t i o n   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

F i g .   1  is   a  v iew  s h o w i n g ,   p a r t l y   in  c r o s s   s e c t i o n   a n d  

p a r t l y   in   l o n g i t u d i n a l   s e c t i o n ,   an  e x a m p l e   of  a  p r i o r - a r t  



v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  of  t h e   t y p e   to  w h i c h  

t h e   p r e s e n t   i n v e n t i o n   a p p e r t a i n s ;  

F i g .   2  is   a  v iew  s i m i l a r   to  F i g .   1  b u t   shows  a  p r e f e r r e d  

e m b o d i m e n t   of  a  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump 

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   3  is   a  c r o s s   s e c t i o n a l   v i e w   s h o w i n g   p a r t   of  a  

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

F i g .   4  is   a  f r a g m e n t a r y   c r o s s   s e c t i o n a l   v i e w   s h o w i n g  

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

F i g .   2 .  

A  r e p r e s e n t a t i v e   e x a m p l e   of  a  c o n v e n t i o n a l  

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

w h i c h   t h e   p r e s e n t   i n v e n t i o n   a p p e r t a i n s   i s   shown  in  F i g .   1  o f  

t h e   d r a w i n g s .   The  p r i o r - a r t   pump  h e r e i n   shown  in  t a u g h t   i n  

J a p a n e s e   P r e l i m i n a r y   P u b l i c a t i o n   of  P a t e n t   No.  5 5 - 1 7 6 9 6 .  

The  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  c o m p r i s e s   a  

pump  h o u s i n g   1  h a v i n g   d e f i n e d   t h e r e i n   a  g e n e r a l l y   c y l i n d r i c a l  

c a v i t y   2  wh ich   is   a x i a l l y   e l o n g a t e d   b e t w e e n   o p p o s i t e   end  w a l l  

p o r t i o n s   (no t   shown)  of  t h e   h o u s i n g   1.  The  h o u s i n g   1  i s  

f u r t h e r   f o r m e d   w i t h   a  f l u i d   i n l e t   p o r t   3  and  a  f l u i d  

d i s h c a r g e   p o r t   4.  The  f l u i d   i n l e t   p o r t   3  c o m m u n i c a t e s   w i t h   a  

f l u i d   r e s e r v o i r   5  t h r o u g h   a  f l u i d   f e e d   p a s s a g e w a y   6  w h i l e   t h e  

f l u i d   d i s c h a r g e   p o r t   4  c o m m u n i c a t e d   w i t h   a  s u i t a b l e  

f l u i d - o p e r a t e d   d e v i c e   7  t h r o u g h   a  f l u i d   d e l i v e r y   p a s s a g e w a y  

8.  In  t h e   c a v i t y   2  of  t he   pump  h o u s i n g   1  i s   p o s i t i o n e d   a  

g e n e r a l l y   c y l i n d r i c a l   e c c e n t r i c   cam  member  9  f o r m e d   w i t h   a n  



a x i a l   b o r e   10  and  p i v o t a l l y   r e t a i n e d   to  an  i n t e r n a l   s u r f a c e  

p o r t i o n   of  t h e   h o u s i n g   1  by  means   of  a  p i v o t   p in   11.  T h e  

p i v o t   p i n   11  i s   f i t t e d   to   t he   o u t e r   p e r i p h e r a l   w a l l   of  t h e  

cam  member  9  in  such   a  m a n n e r   t h a t   t h e   cam  member  9  i s  

r o c k a b l e   w i t h i n   t h e   c a v i t y   2  in  t he   h o u s i n g   1  a b o u t   t h e  

c e n t e r   a x i s   of  t h e   p i v o t   p in   11.  The  cam  member  9  has   f o r m e d  

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

o p p o s i t e   to  t h e   p i v o t   p i n   11  and  has  a  s e a l i n g   s t r i p   12 

f i t t e d   in  t he   g r o o v e .   The  s e a l i n g   s t r i p   12  i s   h e l d   i n  

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

h o u s i n g   1  and  d e f i n e s ,   t o g e t h e r   w i t h   t h e   p i v o t   p i n   11,  a  

c o n t r o l   f l u i d   c h a m b e r   13  b e t w e e n   a  g e n e r a l l y   s e m i c y l i n d r i c a l  

i n n e r   p e r i p h e r a l   s u r f a c e   p o r t i o n   of  t h e   pump  h o u s i n g   1  and  a  

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

member  9.  The  cam  member  9  f u r t h e r   has   a  lug   p o r t i o n   14 

r a d i a l l y   p r o j e c t i n g   from  the   o u t e r   p e r i p h e r a l   w a l l   of  t h e   c a m  

member  9  o p p o s i t e   to   t h e   c o n t r o l   f l u i d   c h a m b e r   13.  A  h e l i c a l  

c o m p r e s s i o n   s p r i n g   15  is   s e a t e d   b e t w e e n   t h e   lug   p o r t i o n   14 

and  an  i n t e r n a l   s u r f a c e   p o r t i o n   of  t h e   pump  h o u s i n g   1  a n d  

u r g e s   t h e   cam  member  9  to  t u r n   a b o u t   t h e   c e n t e r   a x i s   of  t h e  

p i v o t   p i n   11  in  a  d i r e c t i o n   to  r e d u c e   t h e   v o l u m e   of  t h e  

c o n t r o l   f l u i d   c h a m b e r   13.  The  o u t e r   p e r i p h e r a l   w a l l   of  t h e  

cam  member  9  f u r t h e r   has  a  r a d i a l   p r o t r u s i o n   16  p r o t r u d i n g  

i n t o   t h e   c o n t r o l   f l u i d   c h a m b e r   13.  The  p r o t r u s i o n   16  i s  

f o r c e d   a g a i n s t   an  i n t e r n a l   s u r f a c e   p o r t i o n   of  t he   pump 

h o u s i n g   1  by  t he   f o r c e   of  t he   c o m p r e s s i o n   s p r i n g   1 5 .  

W i t h i n   t he   a x i a l   b o r e   10  in  t h e   e c c e n t r i c   cam  member  9 



i s   p o s i t i o n e d   a  c y l i n d r i c a l   r o t o r   17  w h i c h   i s   r o t a t a b l e   w i t h  

r e s p e c t   to   t h e   cam  member  9  a b o u t   a x i s   f i x e d   w i t h   r e s p e c t   t o  

t h e   pump  h o u s i n g   1  and  o f f s e t   f rom  t he   c e n t e r   a x i s   of   t h e  

b o r e   10  in  t h e   cam  member  9.  The  a b o u t   of  e c c e n t r i c i t y  

b e t w e e n   t h e   a x i s   of  r o t a t i o n   of  t h e   r o t o r   17  and  t h e   c e n t e r  

a x i s   of  t h e   b o r e   10  in  t he   cam  member  9  i s   v a r i a b l e   d e p e n d i n g  

upon  t h e   a n g u l a r   p o s i t i o n   of  t he   cam  member  9  w i t h   r e s p e c t   t o  

t h e   h o u s i n g   1  a b o u t   t h e   c e n t e r   a x i s   of  t he   p i v o t   p i n   11.  T h e  

r o t o r   17  t h u s   r o t a t a b l e   w i t h   r e s p e c t   to  t he   cam  member   9 

f o r m s   a  v a r i a b l e - v o l u m e   pump  c h a m b e r   18  b e t w e e n   t h e   i n n e r  

p e r i p h e r a l   s u r f a c e   of  t he   cam  member  9  and  t h e   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t h e   r o t o r   17.  The  pump  c h a m b e r   18  i s  

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

p o s i t i o n   of  t h e   cam  member  9  w i t h   r e s p e c t   to  t h e   h o u s i n g   1 .  

The  pump  c h a m b e r   18  c o m m u n i c a t e s   on  one  hand   w i t h   t h e   f l u i d  

i n l e t   p o r t   3  a n d  o n   t he   o t h e r   hand  w i t h   t h e   f l u i d   d i s c h a r g e  

p o r t   4.  The  r o t o r   17  i s   f o r m e d   w i t h   a  m u l t i p l i c i t y   of   r a d i a l  

s l o t s   19  w h i c h   a r e   a r r a n g e d   s y m m e t r i c a l l y   a b o u t   t h e   a x i s   o f  

r o t a t i o n   of  t h e   r o t o r   17  and  w h i c h   a r e   open  r a d i a l l y  

o u t w a r d l y   of  t h e   r o t o r   17.  A  vane   20  i s   s l i d a b l y   f i t t e d   i n  

e a c h   of  t h e   s l o t s   19  and  p r o j e c t s   r a d i a l l y   o u t w a r d l y   of  t h e  

r o t o r   17  i n t o   t h e   pump  c h a m b e r   1 8 .  

The  r o t o r   17  i s   o p e r a t i v e l y   c o n n e c t e d   to  s u i t a b l e   d r i v e  

means   ( n o t   shown)  and  is   d r i v e n   f o r   r o t a t i o n   a b o u t   t h e   c e n t e r  

a x i s   t h e r e o f   in  a  d i r e c t i o n   i n d i c a t e d   by  a r r o w   P.  As  t h e  

r o t o r   17  is  t h u s   d r i v e n   to  r o t a t e   w i t h i n   t he   cam  member  9 ,  

t h e   f l u i d   a d m i t t e d   i n t o   the   pump  c h a m b e r   18  t h r o u g h   t he   f l u i d  



i n l e t   p o r t   3  is   p r e s s u r i z e d   in  t h e   pump  c h a m b e r   18  and  i s  

d e l i v e r e d   t h r o u g h   t h e   f l u i d   d i s c h a r g e   p o r t   4  to   t h e   f l u i d  

d e l i v e r y   p a s s a g e w a y   8  and  by  way  of  t h e   p a s s a g e w a y   8  to   t h e  

f l u i d - o p e r a t e d   d e v i c e   7 .  

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

shown  in  F i g .   1  f u r t h e r   c o m p r i s e s   a  p r e s s u r e   r e g u l a t o r   v a l v e  

21  h a v i n g   a  v a l v e   h o u s i n g   22  f o r m e d   w i t h   an  a x i a l   b o r e   23,   a  

f l u i d   i n l e t   p o r t   24,  a  c o n t r o l   f l u i d   o u t l e t   p o r t   25  and  a  

f l u i d   d i s c h a r g e   p o r t   26.  The  f l u i d   i n l e t   p o r t   24 

c o m m u n i c a t e s   t h r o u g h   a  p a s s a g e w a y   27  w i t h   t h e   f l u i d   d e l i v e r y  

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

pump  h o u s i n g   1,  w h i l e   t h e   c o n t r o l   f l u i d   o u t l e t   p o r t   25 

c o m m u n i c a t e s   t h r o u g h   a  p a s s a g e w a y   28  w i t h   t h e   c o n t r o l   f l u i d  

c h a m b e r   13  f o r m e d   b e t w e e n   t h e   pump  h o u s i n g   1  and  t h e   c a m  

member  9.  The  f l u i d   d i s c h a r g e   p o r t   26  c o m m u n i c a t e s   w i t h   a  

sump  29  t h r o u g h   a  p a s s a g e w a y   30.  A  v a l v e   s p o o l   31  h a v i n g   a  

c y l i n d r i c a l   l a n d   p o r t i o n   32  i s   a x i a l l y   s l i d a b l e   in  t h e   a x i a l  

b o r e   23  in  t h e   v a l v e   h o u s i n g   22  and  i s   u r g e d   by  a  s p r i n g   33 

to  s t a y   in  an  a x i a l   p o s i t i o n   i s o l a t i n g   t h e   p o r t s   24  and  25 

f rom  e a c h   o t h e r   by  t h e   l a n d   p o r t i o n   32  t h e r e o f ,   as  s h o w n .  

When  the   r o t o r   17  of  t he   pump  c o n s t r u c t e d   and  a r r a n g e d  

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

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

f l u i d - o p e r a t e d   d e v i c e  7   t h r o u g h   t he   f l u i d   d e l i v e r y   p a s s a g e w a y  

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

d i r e c t e d   t h r o u g h   t he   p a s s a g e w a y   27  to  t h e   f l u i d   i n l e t   p o r t   24 

of  the   r e g u l a t o r   v a l v e   21  and  a c t s   on  t h e   l a n d   p o r t i o n   32  o f  



t h e   v a l v e   s p o o l   31.  The  v a l v e   s p o o l   31  is   t h u s   u r g e d   t o  

a x i a l l y   move  in  t h e   b o r e   23  in  t he   v a l v e   h o u s i n g   22  a g a i n s t  

t he   f o r c e   of  t h e   s p r i n g   33  as  i n d i c a t e d   by  a r r o w   Q.  When  t h e  

f l u i d   p r e s s u r e   a c t i n g   on  the   l a n d   p o r t i o n   32  of  t he   v a l v e  

s p o o l   31  i s   i n c r e a s e d   b e y o n d   a  c e r t a i n   v a l u e ,   t he   v a l v e   s p o o l  

31  i s   c a u s e d   to   a x i a l l y   move  in  t h e   d i r e c t i o n   of  t he   a r r o w   Q 

in  t h e   a x i a l   b o r e   23  of  t he   v a l v e   h o u s i n g   22  and  p r o v i d e s  

c o m m u n i c a t i o n   b e t w e e n   t h e   f l u i d   i n l e t   p o r t   24  and  the   c o n t r o l  

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

t h e   c o n t r o l   f l u i d   o u t l e t   p o r t   25  and  the   f l u i d   d i s c h a r g e   p o r t  

26.  The  f l u i d   d e l i v e r e d   f rom  t h e   pump  i s ,   t h u s ,   p a s s e d   n o t  

o n l y   to   t h e   f l u i d - o p e r a t e d   d e v i c e   7  b u t   t h r o u g h   t h e  

p a s s a g e w a y   27,   p r e s s u r e   r e g u l a t o r   v a l v e   21  and  p a s s a g e w a y   28  

to  t he   c o n t r o l   f l u i d   c h a m b e r   13.  The  f l u i d   p r e s s u r e   d i r e c t e d  

i n t o   t h e   c o n t r o l   f l u i d   c h a m b e r   13  a c t s   on  t he   s e m i c y l i n d r i c a l  

o u t e r   p e r i p h e r a l   s u r f a c e   p o r t i o n   of  t he   cam  member  9  a n d  

f o r c e s   t h e   cam  member  to  t u r n   a b o u t   t h e   c e n t e r   a x i s   of  t h e  

p i v o t   p i n   11  in  a  d i r e c t i o n   i n d i c a t e d   by  a r r o w   R  a g a i n s t   t h e  

f o r c e   of  t he   s p r i n g   15.  The  cam  member  9  b e i n g   t h u s   c a u s e d  

to   t u r n   w i t h   r e s p e c t   to  t he   r o t o r   17  p o s i t i o n e d   t h e r e w i t h i n ,  

t h e r e   i s   c a u s e d   a  c h a n g e   in  t he   a m o u n t   of  e c c e n t r i c i t y  

b e t w e e n   t he   c e n t e r   a x i s   of  t he   a x i a l   b o r e   10  in  t he   c a m  

member  9  and  t h e   a x i s   of  r o t a t i o n   of  the   r o t o r   17.  T h e  

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

of  t he   pump  c h a m b e r   18  and  a c c o r d i n g l y   in  a  c h a n g e   in  t h e  

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

the   f l u i d   p r e s s u r e   as  c a u s e d   by  an  i n c r e a s e   in  t he   r e v o l u t i o n  



s p e e d   of  t he   r o t o r   17  i s   in  t h i s   m a n n e r   c o m p e n s a t e d   by  t h e  

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

t h u s ,   t h e   p r e s s u r e   of  t h e   f l u i d   d e l i v e r e d   f rom  t h e   pump  i s  

m a i n t a i n e d   a t   a  p r a c t i c a l l y   f i x e d   v a l u e .  

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

c o n t r o l   f l u i d   c h a m b e r   13  be  c a p a b l e   of  p r o p e r l y   a c t i n g   on  t h e  

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

member  9,  i t   i s   i m p o r t a n t   t h a t   t he   c o n t r o l   f l u i d   c h a m b e r   13 

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

p i v o t   p i n   11  and  t h e   s e a l i n g   s t r i p   12.  S i n c e ,   in  t h i s  

i n s t a n c e ,   b o t h   of  t he   p i v o t   p i n   11  and  t h e   s e a l i n g   s t r i p   12  

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

a c h i e v e d   by  e a c h   of  t he   p i v o t   p in   11  and  t h e   s e a l i n g   s t r i p   1 2  

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

i n t e r n a l   s u r f a c e s   of  t he   pump  h o u s i n g   1  and  t h e   e x t e r n a l  

s u r f a c e s   of  t he   cam  member  9.  T h e r e   may  t h u s   be  a  c a s e   w h e r e  

s a t i s f a c t o r y   s e a l i n g   i s   a c h i e v e d   a t   t he   p i v o t   p i n   11  and  t h e  

s e a l i n g   s t r i p   12  bu t   e x c e s s i v e   s l i d i n g   f r i c t i o n   i s   p r o d u c e d  

b e t w e e n   t h e   p i v o t   p in   11  and  t he   cam  member  9  or   b e t w e e n   t h e  

s e a l i n g   s t r i p   12  and  the   pump  h o u s i n g   1.  The  e x c e s s i v e  

s l i d i n g   f r i c t i o n   p r o d u c e d   t h e r e b e t w e e n   wou ld   r e s u l t   i n  

d e t e r i o r a t i o n   in  t he   a b i l i t y   of  t h e   cam  member  9  to   move  i n  

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

f l u i d   c h a m b e r   13  and  a c c o r d i n g l y   in  t h e   a b i l i t y   of  t h e   p u m p  

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

t h e   r e v o l u t i o n   s p e e d   of  t he   r o t o r   17.  T h e r e   may  o t h e r w i s e   b e  

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



pump  can  be  a d j u s t e d   s a t i s f a c t o r i l y   in  r e s p o n s e   to  a  c h a n g e  

in  t he   f l u i d   p r e s s u r e   in  t he   c o n t r o l   f l u i d   c h a m b e r   13  bu t   t h e  

s e a l i n g   p e r f o r m a n c e   a c h i e v e d   by  t he   p i v o t   p in   11  and  t h e  

s e a l i n g   s t r i p   12  i s   u n s a t i s f a c t o r y .   To  a v o i d   t h e s e  

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

t h e   pump  h o u s i n g   1  and  t h e   cam  member  9  m a c h i n e d   w i t h   u t m o s t  

a c c u r a c y   d u r i n g   m a n u f a c t u r e   t h e r e o f .  

A n o t h e r   p r o b l e m   e n c o u n t e r e d   in  a  p r i o r - a r t   pump  of  t h e  

d e s c r i b e d   n a t u r e   r e s u l t s   f rom  t he   f a c t   t h a t   t h e   p i v o t   p in   11 

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

of  t h e   pump  h o u s i n g   1  and  in  p a r t   in  a  g r o o v e   f o r m e d   in   t h e  

o u t e r   w a l l   of  t h e   cam  member  9.  E x t r a   p r e c i s i o n   m a c h i n i n g   i s  

t h u s   r e q u i r e d   f o r   t h e   f o r m a t i o n   of  t h e s e   g r o o v e s   in  t h e   pump 

h o u s i n g   1  and  t h e   cam  member  9  d u r i n g   m a n u f a c t u r e   of  t h e s e  

m e m b e r s .  

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

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

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

n a t u r e .  

R e f e r r i n g   to  F i g .   2  of  t he   d r a w i n g s ,   a  v a r i a b l e -  

d i s p l a c e m e n t   s l i d i n g - v a n e   pump  e m b o d y i n g   the   p r e s e n t  

i n v e n t i o n   c o m p r i s e s   a  h o l l o w   pump  h o u s i n g   34  h a v i n g   d e f i n e d  

t h e r e i n   a  g e n e r a l l y   c y l i n d r i c a l   c a v i t y   35  h a v i n g   a  c e n t e r  

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

w a l l   p o r t i o n s   ( no t   shown)  of  t he   h o u s i n g   34.  One  of  t he   e n d  



w a l l   p o r t i o n s   of  the   pump  h o u s i n g   34  is   f o r m e d   w i t h   f l u i d  

i n l e t   and  d i s c h a r g e   p o r t s   36  and  37  e x t e n d i n g   a r c u a t e l y   a b o u t  

t h e   c e n t e r   a x i s   of  t he   c a v i t y   35  in  d i a m e t r i c a l l y   o p p o s i t e  

r e l a t i o n s h i p   to  each   o t h e r   a c r o s s   t h e   c e n t e r   a x i s   of  t h e  

c a v i t y   35  as  i n d i c a t e d   by  b r o k e n   l i n e s .   The  pump  h o u s i n g   34 

is   f u r t h e r   f o r m e d   w i t h   a  g e n e r a l l y   s e m i c y l i n d r i c a l   g r o o v e   38 

p r o t r u d i n g   r a d i a l l y   o u t w a r d l y   f rom  t h e   c a v i t y   35  a n d  

e x t e n d i n g   in  p a r a l l e l   w i t h   t h e   c e n t e r   a x i s   of  t h e   c a v i t y   35 

and  a  r e c e s s   39  p a r t i a l l y   p r o t r u d i n g   r a d i a l l y   o u t w a r d l y   f r o m  

the   c a v i t y   35  in  d i a m e t r i c a l l y   o p p o s i t e   r e l a t i o n s h i p   to   t h e  

g r o o v e   38  and  p a r t i a l l y   e l o n g a t e d   in   a  d i r e c t i o n   t a n g e n t i a l  

to  t h e   c a v i t y   35.  The  f l u i d   i n l e t   p o r t   36  i s   l o c a t e d   c l o s e r  

to  t h e   r e c e s s   39  and  t he   f l u i d   d i s c h a r g e   p o r t   37  i s   l o c a t e d  

c l o s e r   to   t h e   g r o o v e   38.  The  pump  h o u s i n g   34  f u r t h e r   has  a  

lug   p o r t i o n   40  l o c a t e d   in  c o n j u n c t i o n   w i t h   t h e   r e c e s s   39  a n d  

i s   f o r m e d   w i t h   a  g e n e r a l l y   c y l i n d r i c a l   c o n c a v i t y   41  w h i c h   i s  

open   o u t w a r d l y   of  t he   pump  h o u s i n g   34  and  an  e l o n g a t e d   b o r e  

42  a x i a l l y   e x t e n d i n g   b e t w e e n   t h e   r e c e s s   39  and  t h e   c o n c a v i t y  

41  and  open   a t   one  end  t h e r e o f   to   t h e   r e c e s s   39  and  a t   t h e  

o t h e r   end  t h e r e o f   to  t he   c o n c a v i t y   41.  The  f l u i d   i n l e t   p o r t  

36  c o m m u n i c a t e s   t h r o u g h   a  f l u i d   f e e d   p a s s a g e w a y   43  w i t h   a  

s u i t a b l e   s o u r c e   of  f l u i d   s u c h   as  a  f l u i d   r e s e r v o i r   44,  w h i l e  

t h e   f l u i d   d i s c h a r g e   p o r t   37  c o m m u n i c a t e s   t h r o u g h   a  f l u i d  

d e l i v e r y   p a s s a g e w a y   45  w i t h   a  s u i t a b l e   f l u i d - o p e r a t e d   d e v i c e  

such   as  a  h y d r a u l i c   a c t u a t o r   46  f o r   u se   i n ,   f o r   e x a m p l e ,   t h e  

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

f o r   an  a u t o m o t i v e   v e h i c l e .   The  h y d r a u l i c   a c t u a t o r   46  has  a  



f l u i d   d i s c h a r g e   p o r t   c o m m u n i c a t i n g   t h r o u g h   a  p a s s a g e w a y   47 

w i t h   a  sump  4 8 .  

In  t he   c a v i t y   35  of  t he   pump  h o u s i n g   34  is   p o s i t i o n e d   a  

g e n e r a l l y   c y l i n d r i c a l   e c c e n t r i c   cam  member  49  f o r m e d   w i t h   a n  

a x i a l   b o r e   50  h a v i n g   a  c e n t e r   a x i s   Oc  p a r a l l e l   w i t h   t h e  

c e n t e r   a x i s   of  t h e   c a v i t y   35  in  t h e   pump  h o u s i n g   34.  The  c a m  

member  49  has   r a d i a l   p r o t r u s i o n s   51  and  52  r a d i a l l y   o u t w a r d l y  

p r o t r u d i n g   f rom  t he   o u t e r   p e r i p h e r a l   w a l l   of  t h e   cam  m e m b e r  

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

a c r o s s   t h e   c e n t e r   a x i s   Oc  of  t he   a x i a l   b o r e   50.  One  r a d i a l  

p r o t r u s i o n   51  p r o j e c t s   i n t o   t h e   s e m i c y l i n d r i c a l   g r o o v e   38  i n  

t h e   pump  h o u s i n g   34  and  i s   f o r m e d   w i t h   a  c y l i n d r i c a l   h o l e   53  

h a v i n g   a  c e n t e r   a x i s   p a r a l l e l   w i t h   t h e   c e n t e r   a x i s   of  t h e  

b o r e   50.  A  p i v o t   p in   54  i s   s l i d a b l y   p a s s e d   t h r o u g h   t h e  

c y l i n d r i c a l   h o l e   53  and  i s   c o n n e c t e d   a t   t h e   o p p o s i t e   a x i a l  

ends   t h e r e o f   to   t he   o p p o s i t e   end  w a l l   p o r t i o n s   of  t h e   pump 

h o u s i n g   34.  The  cam  member  49  i s   t h u s   p i v o t a l l y   c o n n e c t e d   t o  

the   end  w a l l   p o r t i o n s   of  t he   pump  h o u s i n g   34  and  i s   r o c k a b l e  

a b o u t   t he   c e n t e r   a x i s   of  t he   p i v o t   p i n   54  w i t h   r e s p e c t   to   t h e  

pump  h o u s i n g   34.  The  o t h e r   r a d i a l   p r o t r u s i o n   52  of  t h e   c a m  

member  49  p r o j e c t s   i n t o   t he   r e c e s s   39  in  t he   pump  h o u s i n g   34 

and  is  m o v a b l e   in  an  a r c   in  t he   r e c e s s   39.  The  p r e v i o u s l y  

m e n t i o n e d   a x i a l   b o r e   42  in  t he   pump  h o u s i n g   34  e x t e n d s   in  a  

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

the   c e n t e r   a x i s   of  the   p i v o t   p in   54,  v i z . ,   t he   a x i s   a b o u t  

wh ich   t he   cam  member  49  i s   r o c k a b l e   w i t h   r e s p e c t   to   t he   pump 

h o u s i n g   3 4 .  



In  t he   a x i a l   b o r e   50  of  t he   cam  member  49  i s   p o s i t i o n e d  

a  c y l i n d r i c a l   r o t o r   55  w h i c h   has  a  c e n t e r   a x i s   Or  p a r a l l e l  

w i t h   t h e   c e n t e r   a x i s   Oc  of  t h e   a x i a l   b o r e   50  in  t h e   c a m  

member  49  and  f i x e d   w i t h   r e s p e c t   to  t he   pump  h o u s i n g   34  a n d  

w h i c h   i s   r o t a t a b l e   a b o u t   t h e   c e n t e r   a x i s   Or  t h e r e o f   w i t h  

r e s p e c t   to  t he   pump  h o u s i n g   34  and  t he   cam  member  49.  T h e  

c e n t e r   a x i s   Or  of  t h e   r o t o r   55  i s   o f f s e t   f rom  t h e   c e n t e r   a x i s  

of   t h e   a x i a l   b o r e   50  in  t h e   cam  member  49  so  t h a t   a  

v a r i a b l e - v o l u m e   pump  c h a m b e r   56  h a v i n g   a  c r e s c e n t - s h a p e d  

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

of   t h e   cam  member  49  and  t h e   o u t e r   p e r i p h e r a l   s u r f a c e   of  t h e  

r o t o r   55.  The  a m o u n t   of  e c c e n t r i c i t y   b e t w e e n   t h e   c e n t e r   a x i s  

Oc  of   t h e   cam  member  49  and  t he   c e n t e r   a x i s   Or  of  t h e   r o t o r  

55  and  a c c o r d i n g l y   t h e   v o l u m e   of  t he   pump  c h a m b e r   56  t h u s  

f o r m e d   b e t w e e n   t h e   cam  member  49  and  t h e   r o t o r   55  a r e  

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

member  49  a b o u t   t he   c e n t e r   a x i s   of  t he   p i v o t   p i n   54  w i t h  

r e s p e c t   to  t he   r o t o r   55.  The  pump  c h a m b e r   50  c o m m u n i c a t e s   o n  

one  hand  w i t h   t h e   f l u i d   i n l e t   p o r t   36  and  on  t h e   o t h e r   h a n d  

w i t h   t h e   f l u i d   d i s c h a r g e   p o r t   37  in  t he   pump  h o u s i n g   34.  T h e  

r o t o r   55  i s   f o r m e d   w i t h   a  m u l t i p l i c i t y   of  r a d i a l   s l o t s   57 

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

t h e   r o t o r   55  and  w h i c h   a r e   open  r a d i a l l y   o u t w a r d l y   of  t h e  

r o t o r   55.  Vanes   58  a r e   r e s p e c t i v e l y   f i t t e d   in  t h e s e   s l o t s   57 

and  p r o j e c t   r a d i a l l y   o u t w a r d l y   f rom  t he   s l o t s   57  i n t o   t h e  

pump  c h a m b e r   5 6 .  

The  r o t o r   55  i s   o p e r a t i v e l y   c o n n e c t e d   to   s u i t a b l e   d r i v e  



means   such   a s ,   f o r   e x a m p l e ,   the   o u t p u t   s h a f t   of  an  e n g i n e  

( n o t   shown)  i n s t a l l e d   on  an  a u t o m o t i v e   v e h i c l e   and  i s   d r i v e n  

f o r   r o t a t i o n   a b o u t   t h e   c e n t e r   a x i s   Or  t h e r e o f   in  a  d i r e c t i o n  

i n d i c a t e d   by  a r r o w   S.  As  the   r o t o r   55  i s   t h u s   d r i v e n   t o  

r o t a t e   in  t h e   a x i a l   b o r e   50  of  t h e   cam  member   49,  t h e  

i n d i v i d u a l   v a n e s   58  r e s p e c t i v e l y   r e c e i v e d   in  t h e   r a d i a l   s l o t s  

57  in  t h e   r o t o r   55  a r e   f o r c e d   to  s l i d e   r a d i a l l y   o u t w a r d l y   i n  

t h e   l o t s   57  by  a  c e n t r i f u g a l   f o r c e   e x e r t e d   on  e a c h   of  t h e  

v a n e s   58  and  a r e   c a u s e d   to  s l i d e   a t   t h e i r   r e s p e c t i v e   o u t e r  

ends   on  t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of  t h e   cam  member  4 9 .  

As  a  c o n s e q u e n c e ,   t h e   pump  c h a m b e r   56  f o r m e d   b e t w e e n   t h e  

i n n e r   p e r i p h e r a l   s u r f a c e   of  t h e   cam  member  49  and  t h e   o u t e r  

p e r i p h e r a l   s u r f a c e   of  t h e   r o t o r   55  i s   d i v i d e d   i n t o   a  

m u l t i p l i c i t y   of  s e c t i o n s   by  t he   v a n e s   58  t h u s   f o r c e d   a g a i n s t  

t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of  t h e   cam  member   49.  As  t h e  

r o t o r   55  i s   r o t a t e d   a b o u t   t he   c e n t e r   a x i s   Or  t h e r e o f   w i t h  

r e s p e c t   to   t h e   cam  member  49,  e a c h   of  t h e   v a n e s   58  is   c a u s e d  

to  a l t e r n a t e l y   move  r a d i a l l y   i n w a r d l y   and  o u t w a r d l y   of  t h e  

r o t o r   55  due  to  t he   e c c e n t r i c i t y   b e t w e e n   t h e   c e n t e r   a x i s   Oc 

of  t h e   b o r e   50  in  t he   cam  member  49  and  t h e   c e n t e r   a x i s   Or  o f  

t he   r o t o r   55,  w i t h   t he   r e s u l t   t h a t   e a c h   s e c t i o n   of  t he   pump 

c h a m b e r   56  i s   a l t e r n a t e l y   e x p a n d e d   and  c o n t r a c t e d .   The  f l u i d  

s u p p l i e d   f rom  t h e   f l u i d   r e s e r v o i r   44  t h r o u g h   t h e   f l u i d   f e e d  

p a s s a g e w a y   43  e n t e r s   e x p a n d i n g   s e c t i o n s   of  t h e   pump  c h a m b e r  

56  t h r o u g h   the   f l u i d   i n l e t   p o r t   36  in  t he   pump  h o u s i n g   34  a n d  

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

t h e   pump  c h a m b e r   56  a re   r e d u c e d   in  v o l u m e .   The  f l u i d   t r a p p e d  



in  each   of  t h e   s e c t i o n s   of  t he   pump  c h a m b e r   56  i s   in  t h i s  

f a s h i o n   p r e s s u r i z e d   as  t h e   r o t o r   55  i s   r o t a t e d   and  t h e  

i n d i v i d u a l   s e c t i o n s   a r e   e x p a n d e d   and  c o n t r a c t e d .   T h e  

p r e s s u r i z e d   f l u i d   i s   d e l i v e r e d   to   t he   f l u i d   d e l i v e r y  

p a s s a g e w a y   45  t h r o u g h   t h e   f l u i d   d i s c h a r g e   p o r t   37  in  t h e   p u m p  

h o u s i n g   34  and  by  way  of  t h e   p a s s a g e w a y   45  to   t h e   h y d r a u l i c  

a c t u a t o r   4 6 .  

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

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

i n v e n t i o n   f u r t h e r   c o m p r i s e s   d i s p l a c e m e n t   a d j u s t i n g   means   59  

r e s p o n s i v e   to  t h e   f l u i d   p r e s s u r e   d e l i v e r e d   f rom  t h e   f l u i d  

d i s c h a r g e   p o r t   37  and  o p e r a t i v e   to   a u t o m a t i c a l l y   a d j u s t   t h e  

a n g u l a r   p o s i t i o n   of   t h e   cam  member  49  a b o u t   t h e   c e n t e r   a x i s  

of  t he   p i v o t   p i n   54  w i t h   r e s p e c t   to  t h e   pump  h o u s i n g   34  a n d  

a c c o r d i n g l y   to  t h e   r o t o r   55  d u r i n g   o p e r a t i o n   of  t h e   p u m p .  

In  t h e   e m b o d i m e n t   of  t he   v a r i a b l e - d i s p l a c e m e n t  

s l i d i n g - v a n e   pump  i l l u s t r a t e d   in  F i g .   2,  t he   p r e v i o u s l y  

d e s c r i b e d   r a d i a l   p r o t r u s i o n   52  of  t he   cam  member  49  f o r m s  

p a r t   of  such   d i s p l a c e m e n t   a d j u s t i n g   means   59  w h i c h   f u r t h e r  

c o m p r i s e s   a  p i s t o n   60  a x i a l l y   s l i d a b l e   in  t h e   c o n c a v i t y   41  i n  

t h e   lug  p o r t i o n   40  of  t h e   pump  h o u s i n g   34  and  a  p l u n g e r   61  

a x i a l l y   s l i d a b l e   t h r o u g h   t he   a x i a l   b o r e   42  in  t h e   p u m p  

h o u s i n g   34.  The  p l u n g e r   61  i s   s e c u r e l y   c o n n e c t e d   a t   one  e n d  

t h e r e o f   to  t h e  p i s t o n   60  and  i s   e n g a g e d   a t   t h e   o t h e r   e n d  

t h e r e o f   by  t h e   a b o v e   m e n t i o n e d   r a d i a l   p r o t r u s i o n   52  of  t h e  

cam  member  49  t h r o u g h   t he   r e c e s s   39  in  t h e   pump  h o u s i n g   3 4 .  

The  lug   p o r t i o n   40  of  t h e   pump  h o u s i n g   34  i s   in  p a r t  



i n t e r n a l l y   t h r e a d e d   and  is   c a p p e d   by  an  e x t e r n a l l y   t h r e a d e d  

p l u g   member  62  w h i c h   t h u s   c l o s e s   t h e   c o n c a v i t y   41  in  t h e   l u g  

p o r t i o n   40.  B e t w e e n   t he   o u t e r   end  f a c e   of  t h e   p i s t o n   60  a n d  

t h e   i n n e r   end  f a c e   of  t he   p l u g   member  62  i s   t h u s   f o r m e d   a  

c o n t r o l   f l u i d   c h a m b e r   63  which   f o r m s   p a r t   of  t h e   c o n c a v i t y   41 

in  t h e   lug   p o r t i o n   4 0 .  

The  d i s p l a c e m e n t   a d j u s t i n g   means   59  f u r t h e r  c o m p r i s e s  

b i a s i n g   e l e m e n t   a d a p t e d   to  u r g e   t h e   cam  member  49  to   t u r n  

a b o u t   t h e   c e n t e r   a x i s   of  t he   p i v o t   p i n   54  in  a  p r e d e t e r m i n e d  

d i r e c t i o n   i n d i c a t e d   by  a r r o w   T  and  to   u r g e   t h e   p i s t o n   60  t o  

a x i a l l y   move  in  a  d i r e c t i o n   to  c o n t r a c t   t h e   c o n t r o l   f l u i d  

c h a m b e r   63.  In  t h e   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .   2,  s u c h   a  

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

c o m p r e s s i o n   s p r i n g   64  w h i c h   i s   s e a t e d   a t   one  end  t h e r e o f   o n  

t he   r a d i a l   p r o t r u s i o n   52  of  t h e   cam  member  49  and  a t   t h e  

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

of  t h e   r e c e s s   39  in  t h e   pump  h o u s i n g   34  as  shown.   To  l i m i t  

t he   a n g u l a r   movemen t   of  t he   cam  member  49  in  t h e   d i r e c t i o n   o f  

the   a r r o w   T  a b o u t   t he   c e n t e r   a x i s   of  t h e   p i v o t   p i n   54  w i t h  

r e s p e c t   to  t h e   pump  h o u s i n g   34  and  a c c o r d i n g l y   to   t h e   r o t o r  

55,  t h e   pump  h o u s i n g   34  has  an  i n t e r n a l   p r o j e c t i o n   65  

p r o j e c t i n g   i n t o   t he   r e c e s s   39  and  l o c a t e d   so  t h a t   t h e   r a d i a l  

p r o t r u s i o n   52  of  the   cam  member  49  i s   e n g a g e a b l e   t h e r e w i t h  

when  t u r n e d   in  t he   d i r e c t i o n   of  t h e   a r r o w   T  by  t h e   f o r c e   o f  

t he   s p r i n g   64.  When  the   cam  member  49  i s   h e l d   in  t h e   a n g u l a r  

p o s i t i o n   h a v i n g   the   p r o t r u s i o n   52  e n g a g e d   by  t h e   p r o j e c t i o n  

65,  t he   amoun t   of  e c c e n t r i c i t y   b e t w e e n   t h e   c e n t e r   a x i s   Oc  o f  



t h e   cam  member  49  and  the   c e n t e r   a x i s   Or  of  t he   r o t o r   55  

b e c o m e s   maximum  so  t h a t   t h e   v o l u m e   of  t h e   pump  c h a m b e r   56  a n d  

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

pump  a l s o   become  m a x i m u m .  

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

v a l v e   66  r e s p o n s i v e   to   v a r i a t i o n   in  t h e   p r e s s u r e   of  t h e  

p r e s s u r i z e d   f l u i d   d e l i v e r e d   f rom  t h e   f l u i d   d i s c h a r g e   p o r t   37  

to  t h e   f l u i d   d e l i v e r y   p a s s a g e w a y   45  and  o p e r a t i v e   to   p a s s   t h e  

p r e s s u r i z e d   f l u i d   f rom  t h e   p a s s a g e w a y   45  to   t h e   a b o v e  

m e n t i o n e d   c o n t r o l   f l u i d   c h a m b e r   63  when  t h e   f l u i d   p r e s s u r e   i s  

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

i l l u s t r a t e d   in  F i g .   2,  s u c h   a  p r e s s u r e   r e g u l a t o r   v a l v e   66  i s  

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

pump  i l l u s t r a t e d   in  F i g .   1  and,   t h u s ,   c o m p r i s e s   a  v a l v e  

h o u s i n g   67  f o r m e d   w i t h   an  a x i a l   b o r e   68,  a  f l u i d   i n l e t   p o r t  

69,  a  c o n t r o l   f l u i d   o u t l e t   p o r t   70,  and  a  f l u i d   d i s c h a r g e  

p o r t   71.  The  f l u i d   i n l e t   p o r t   69  c o m m u n i c a t e s   t h r o u g h   a  

p a s s a g e w a y   72  w i t h   t h e   f l u i d   d e l i v e r y   p a s s a g e w a y   45,  w h i l e  

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

p a s s a g e w a y   73  w i t h   t h e   c o n t r o l   f l u i d   c h a m b e r   63  of  t h e  

d i s p l a c e m e n t   a d j u s t i n g   means   59.  The  f l u i d   d i s c h a r g e   p o r t   71 

of  t h e   v a l v e   66  c o m m u n i c a t e s   w i t h   t he   p r e v i o u s l y   m e n t i o n e d  

sump  48  t h r o u g h   a  p a s s a g e w a y   7 4 .  

The  p r e s s u r e   r e g u l a t o r   v a l v e   66  f u r t h e r   c o m p r i s e s   a  

v a l v e   s p o o l   75  a x i a l l y   s l i d a b l e   in  t h e   a x i a l   b o r e   68  of  t h e  

v a l v e   h o u s i n g   67  and  h a v i n g   f i r s t   and  s e c o n d   c y l i n d r i c a l   l a n d  



p o r t i o n s   76  and  77  a x i a l l y   s p a c e d   a p a r t   f rom  e a c h   o t h e r   so  a s  

to   form  a  c i r c u m f e r e n t i a l   g r o o v e   78  t h e r e b e t w e e n .   The  v a l v e  

s p o o l   75  f u r t h e r   has   a  s tem  p o r t i o n   79  a x i a l l y   p r o j e c t i n g  

f rom  t h e   f i r s t   l a n d   p o r t i o n   76  and  e n g a g e a b l e   a t   i t s   l e a d i n g  

end  w i t h   t h e   i n n e r   f a c e   of  one  end  w a l l   p o r t i o n   of  t h e   v a l v e  

h o u s i n g   67.  The  f l u i d   i n l e t   p o r t   69  i s   l o c a t e d   a d j a c e n t   t h e  

i n n e r   f a c e   of  t h e   a b o v e   m e n t i o n e d   end  w a l l   p o r t i o n   of  t h e  

v a l v e   h o u s i n g   67,  w h i l e   t h e   c o n t r o l   f l u i d   o u t l e t   p o r t   70  i s  

l o c a t e d   i n t e r m e d i a t e   b e t w e e n   the   f l u i d   i n l e t   p o r t   69  and  t h e  

f l u i d   d i s c h a r g e   p o r t   71  as  shown.  The  v a l v e   s p o o l   75  i s  

u r g e d   by  s u i t a b l e   b i a s i n g   means  to  s t a y   in  a  p r e d e t e r m i n e d  

a x i a l   p o s i t i o n   h a v i n g   t h e   s tem  p o r t i o n   79  h e l d   in   a b u t t i n g  

e n g a g e m e n t   a t   t h e   l e a d i n g   end  t h e r e o f   w i t h   t h e   i n n e r   f a c e   o f  

t h e   p a r t i c u l a r   end  w a l l   p o r t i o n   of  t h e   v a l v e   h o u s i n g   67.  I n  

t h e   a r r a n g e m e n t   of  F i g .   2,  such  b i a s i n g   means   i s   s h o w n  

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

b e t w e e n   t h e   o u t e r   end  f a c e   of  the   s e c o n d   l a n d   p o r t i o n   77  o f  

t h e   v a l v e   s p o o l   75  and  t he   i n n e r   f a c e   of  t h e   o t h e r   end  w a l l  

p o r t i o n   of  t he   v a l v e   h o u s i n g   67.  When  t h e   v a l v e   s p o o l   75  i s  

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

68,   t h e   f i r s t   l a n d   p o r t i o n   76  of  t he   v a l v e   s p o o l   75  i s  

l o c a t e d   to  i s o l a t e   t h e   f l u i d   i n l e t   p o r t   69  and  t h e   c o n t r o l  

f l u i d   o u t l e t   p o r t   70  f rom  each   o t h e r   and  p r o v i d e  

c o m m u n i c a t i o n   b e t w e e n   t he   c o n t r o l   f l u i d   o u t l e t   p o r t   70  a n d  

t h e   f l u i d   d i s c h a r g e   p o r t   71.  The  v a l v e   s p o o l   75  i s   m o v a b l e  

f rom  t he   above   m e n t i o n e d   p r e d e t e r m i n e d   a x i a l   p o s i t i o n   a g a i n s t  

t he   f o r c e   of  t he   c o m p r e s s i o n   s p r i n g   80  i n t o   an  a x i a l   p o s i t i o n  



p r o v i d i n g   c o m m u n i c a t i o n   b e t w e e n   t h e   f l u i d   i n l e t   p o r t   69  a n d  

t h e   c o n t r o l   f l u i d   o u t l e t   p o r t   70  and  i s o l a t i n g   t h e   c o n t r o l  

f l u i d   o u t l e t   p o r t   70  and  t h e   f l u i d   d i s c h a r g e   p o r t   71  f r o m  

e a c h   o t h e r   by  t h e   f i r s t   l a n d   p o r t i o n   76  t h e r e o f .  

In  o p e r a t i o n ,   t h e   p r e s s u r i z e d   f l u i d   d e l i v e r e d   f rom  t h e  

f l u i d   d i s c h a r g e   p o r t   37  in  t h e   pump  h o u s i n g   34  to   t h e   f l u i d  

d e l i v e r y   p a s s a g e w a y   45  i s   p a s s e d   n o t   o n l y   to   t h e   h y d r a u l i c  

a c t u a t o r   46  b u t   t h r o u g h   t h e   p a s s a g e w a y   72  to   t h e   f l u i d   i n l e t  

p o r t   69  of   t he   p r e s s u r e   r e g u l a t o r   v a l v e   66.  The  f l u i d  

p r e s s u r e   t h u s   d i r e c t e d   i n t o   t he   a x i a l   b o r e   68  of  t h e   v a l v e  

h o u s i n g   67  a c t s   on  t h e   end  f a c e   of  t h e   s t em   p o r t i o n   79  a n d  

t h e   a n n u l a r   o u t e r   end  f a c e   of  t h e   f i r s t   l a n d   p o r t i o n   76  o f  

t h e   v a l v e   s p o o l   75  and  u r g e s   t h e   v a l v e   s p o o l   75  to   move  f r o m  

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

a g a i n s t   t h e   o p p o s i n g   f o r c e   of  t h e   s p r i n g   80.  I f ,   in   t h i s  

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

75  i s   l o w e r   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   t h e   v a l v e   s p o o l   75  i s  

h e l d   in  t h e   p r e d e t e r m i n e d   a x i a l   p o s i t i o n   in  t h e   a x i a l   b o r e   68 

in  t h e   v a l v e   h o u s i n g   67  by  t h e   f o r c e   of  t h e   s p r i n g   80.  T h e  

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

c r o s s   s e c t i o n a l   a r e a   of  t h e   l a n d   p o r t i o n   76  of  t h e   v a l v e  

s p o o l   75  and  t he   s p r i n g   c o n s t a n t   of  t h e   s p r i n g   80.  U n d e r  

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

f l u i d   d e l i v e r y   p a s s a g e w a y   45  i s   t o t a l l y   p a s s e d   to  t h e  

h y d r a u l i c   a c t u a t o r   46  and ,   as  a  c o n s e q u e n c e ,   t h e r e   i s   n o  

f l u i d   p r e s s u r e   d e v e l o p e d   in  t h e   c o n t r o l   f l u i d   c h a m b e r   63  o f  

t h e   d i s p l a c e m e n t   a d j u s t i n g   means   59.  The  p i s t o n   60  i s ,   t h u s  



not   o p e r a t i v e   to   e x e r t   an  a c t i o n   on  t he   r a d i a l   p r o t r u s i o n   52 

of  t he   cam  member  49,  w h i c h   i s   t h e r e f o r e   h e l d   by  t he   f o r c e   o f  

t h e   s p r i n g   64  in  t he   p r e v i o u s l y   m e n t i o n e d   a n g u l a r   p o s i t i o n  

h a v i n g   t h e   r a d i a l   p r o t r u s i o n   52  e n g a g e d   by  t h e   i n t e r n a l  

p r o j e c t i o n   65  of  t he   pump  h o u s i n g   34.  A  maximum  a m o u n t   o f  

e c c e n t r i c i t y   is   t h u s  a c h i e v e d   b e t w e e n   t he   c e n t e r   a x i s   Oc  o f  

t h e   cam  member  49  and  t he   c e n t e r   a x i s   Or  of  t h e   r o t o r   55  s o  

t h a t   t h e   pump  d e l i v e r e s   p r e s s u r i z e d   f l u i d   to  t h e   h y d r a u l i c  

a c t u a t o r   46  w i t h   a  maximum  f l u i d   d i s p l a c e m e n t   r a t e .   T h e  

maximum  f l u i d   d i s p l a c e m e n t   r a t e   i s   a c h i e v e d   when  t h e   r o t o r   55 

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

p r e d e t e r m i n e d   v a l u e .   I f ,   t h u s ,   t h e   r o t o r   55  i s   d r i v e n   by  a n  

i n t e r n a l   c o m b u s t i o n   e n g i n e   i n s t a l l e d   on  an  a u t o m o t i v e  

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

e n g i n e .  

As  t h e   s p e e d   of  r o t a t i o n   of  t h e   r o t o r   55  i n c r e a s e s ,   t h e  

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

c o n s e q u e n c e ,   t he   p r e s s u r e   of  t h e   p r e s s u r i z e d   f l u i d   d e l i v e r e d  

t h r o u g h   the   f l u i d   d i s c h a r g e   p o r t   37  of  t h e   pump  to  t he   f l u i d  

d e l i v e r y   p a s s a g e w a y   45  r i s e s .   When  t h e   f l u i d   p r e s s u r e   in  t h e  

f l u i d   d e l i v e r y   p a s s a g e w a y   45  r e a c h e s   t h e   p r e v i o u s l y   m e n t i o n e d  

p r e d e t e r m i n e d   v a l u e   t h e r e o f ,   t h e   v a l v e   s p o o l   75  of  t h e  

p r e s s u r e   r e g u l a t o r   v a l v e   66  i s   c a u s e d   to  move  ou t   of  t h e  

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

f o r c e   of  the   s p r i n g   80,  p r o v i d i n g   c o m m u n i c a t i o n   f rom  t h e  

f l u i d   i n l e t   p o r t   69  to  t he   c o n t r o l   f l u i d   o u t l e t   p o r t   70  a n d  

i s o l a t i n g   the   c o n t r o l   f l u i d   o u t l e t   p o r t   70  from  t h e   f l u i d  



d i s c h a r g e   p o r t   71.  The  i n c r e a s e d   f l u i d   p r e s s u r e   i s   t h u s  

d i r e c t e d   t h r o u g h   the   p a s s a g e w a y   72,  t h e   p o r t s   69  and  70  o f  

t h e   p r e s s u r e   r e g u l a t o r   v a l v e   66  and  t h e   p a s s a g e w a y   73  to  t h e  

c o n t r o l   f l u i d   c h a m b e r   63  of  t h e   d i s p l a c e m e n t   a d j u s t i n g   m e a n s  

59  and  a c t s   on  t he   o u t e r   end  f a c e   of  t h e   p i s t o n   60.  T h e  

p i s t o n   60  i s   c o n s e q u e n t l y   u r g e d   to   move  in   a  d i r e c t i o n   t o  

e x p a n d   t h e   c o n t r o l   f l u i d   c h a m b e r   63  and  t h e   p l u n g e r   61  i s  

f o r c e d   a t   i t s   l e a d i n g   end  a g a i n s t   t he   r a d i a l   p r o t r u s i o n   52  o f  

t h e   cam  member  49,  u r g i n g   t h e   r a d i a l   p r o t r u s i o n   52  to  move  

away  f rom  t h e   p i s t o n   60  a g a i n s t   t h e   o p p o s i n g   f o r c e   of  t h e  

s p r i n g   64  and  t h e r e b y   u r g i n g   t h e   cam  member   49  to   t u r n   a b o u t  

t h e   c e n t e r   a x i s   of  t h e   p i v o t   p i n   54  in  a  d i r e c t i o n   o p p o s i t e  

t o   t h e   d i r e c t i o n   of  t he   a r r o w   T.  I f ,   in   t h i s   i n s t a n c e ,   t h e  

f l u i d   p r e s s u r e   d i r e c t e d   i n t o   t h e   c o n t r o l   f l u i d   c h a m b e r   63  i s  

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

c r o s s   s e c t i o n a l   a r e a   of  t h e   p i s t o n   60  and  t h e   s p r i n g   c o n s t a n t  

of   t h e   s p r i n g   64,  t he   cam  member  49  i s   m a i n t a i n e d   in  t h e  

a n g u l a r   p o s i t i o n   h a v i n g   t h e   r a d i a l   p r o t r u s i o n   52  e n g a g e d   b y  

t h e   i n t e r n a l   p r o j e c t i o n   65  of  t h e   pump  h o u s i n g   34  so  t h a t   t h e  

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

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

p r e s s u r e   in  t he   c o n t r o l   f l u i d   c h a m b e r   63  i s   h i g h e r   t h a n   t h e  

a b o v e   m e n t i o n e d   p r e d e t e r m i n e d   v a l u e ,   t h e   p i s t o n   60  a n d  

a c c o r d i n g l y   t h e   p l u n g e r   61  a r e   c a u s e d   to   a x i a l l y   move  a w a y  

f rom  t h e   p l u g   member  62  so  t h a t   t h e   r a d i a l   p r o t r u s i o n   52  o f  

t h e   cam  member  49  is   moved  in  t he   r e c e s s   39  away  f rom  t h e  

i n t e r n a l   p r o j e c t i o n   65  of  t he   pump  h o u s i n g   34  a g a i n s t   t h e  



o p p o s i n g   f o r c e   of  t h e   s p r i n g   64.  I t   t h e r e f o r e   f o l l o w s   t h a t  

t h e   cam  member  49  i s   c a u s e d   to  t u r n   a b o u t   t he   c e n t e r   a x i s   o f  

t h e   p i v o t   p i n   54  in  t h e   d i r e c t i o n   o p p o s i t e   to  t h e   d i r e c t i o n  

of  t h e   a r r o w   T  f rom  t h e   i n i t i a l   a n g u l a r   p o s i t i o n   t h e r e o f .  

T h i s   p r o d u c e s   r e d u c t i o n   in  t he   a m o u n t   of  e c c e n t r i c i t y   b e t w e e n  

t h e   r e s p e c t i v e   c e n t e r   a x e s   Oc  and  Or  of  t h e   cam  member  49  a n d  

t h e   r o t o r   55  and  a c c o r d i n g l y   r e d u c t i o n   in  t h e   f l u i d  

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

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

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

46  and  p a s s e d   t h r o u g h   t he   p r e s s u r e   r e g u l a t o r   v a l v e   66  to   t h e  

c o n t r o l   f l u i d   c h a m b e r   63  of  t h e   d i s p l a c e m e n t   a d j u s t i n g   m e a n s  

5 9 .  

When  t h e   f l u i d   d i s p l a c e m e n t   r a t e   of  t h e   pump  i s   t h u s  

r e d u c e d   and  as  a  c o n s e q u e n c e   t h e   f l u i d   p r e s s u r e   a c t i n g   on  t h e  

v a l v e   s p o o l   75  of  t h e   p r e s s u r e   r e g u l a t o r   v a l v e   66  d r o p s   b e l o w  

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

v a l v e   s p o o l   75  i s   c a u s e d   to  move  t o w a r d   t h e   i n i t i a l  

p r e d e t e r m i n e d   a x i a l   p o s i t i o n   in  t h e   a x i a l   b o r e   68  of  t h e  

v a l v e   h o u s i n g   67  by  t h e   f o r c e   of  t he   s p r i n g   80  and  r e s t r i c t s  

t h e   p a s s a g e   of  f l u i d   f rom  the   f l u i d   i n l e t   p o r t   69  to  t h e  

c o n t r o l   f l u i d   o u t l e t   p o r t   70  and  a c c o r d i n g l y   f rom  t h e  

p a s s a g e w a y   72  to   t he   c o n t r o l   f l u i d   c h a m b e r   63  of  t h e  

d i s p l a c e m e n t   a d j u s t i n g   means   59  t h r o u g h   t he   p a s s a g e w a y   7 3 .  

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

f l u i d   c h a m b e r   63  and  a c c o r d i n g l y   r e d u c t i o n   in  t he   f o r c e  

e x e r t e d   on  the   r a d i a l   p r o t r u s i o n   52  of  t he   cam  member  49  b y  



t h e   p i s t o n   60  and  t h e   p l u n g e r   61,  w i t h   t h e   r e s u l t   t h a t   t h e  

cam  member  49  i s   c a u s e d   by  t he   f o r c e   of  t h e   s p r i n g   64  to  t u r n  

a b o u t   t h e   c e n t e r   a x i s   of  t h e   p i v o t   p i n   54  in  t h e   d i r e c t i o n   o f  

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

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

I f   t h e   d e l i v e r y   r a t e   of  f l u i d   t h r o u g h   t h e   f l u i d  

d i s c h a r g e   p o r t   37  to   t h e   f l u i d   d e l i v e r y   p a s s a g e w a y   45  a n d  

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

a c t u a t o r   46  and  t he   p r e s s u r e   r e g u l a t o r   v a l v e   66  a r e   r e d u c e d  

e x c e s s i v e l y ,   t he   v a l v e   s p o o l   75  of  t he   p r e s s u r e   r e g u l a t o r  

v a l v e   66  i s   c a u s e d   to   move  i n t o   t h e   i n i t i a l   p r e d e t e r m i n e d  

a x i a l   p o s i t i o n   in  t h e   a x i a l   b o r e   68  by  t h e   f o r c e   of  t h e  

s p r i n g   80.  The  p a s s a g e   of  f l u i d   f rom  t h e   f l u i d   i n l e t   p o r t   69 

to   t h e   c o n t r o l   f l u i d   o u t l e t   p o r t   70  of  t h e   p r e s s u r e   r e g u l a t o r  

v a l v e   66  i s   t h u s   f u r t h e r   d i m i n i s h e d   and  as  a  c o n s e q u e n c e   t h e  

cam  member   49  i s   f u r t h e r   t u r n e d   a b o u t   t he   c e n t e r   a x i s   of  t h e  

p i v o t   p i n   54  t o w a r d   t h e   i n i t i a l   a n g u l a r   p o s i t i o n   p r o v i d i n g  

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

The  amoun t   of  e c c e n t r i c i t y   b e t w e e n   t h e   r e s p e c t i v e   c e n t e r  

a x e s   Oc  and  Or  of  t h e   cam  member  49  and  t h e   r o t o r   55  i s   i n  

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

e x e r t e d   on  the   cam  member   49  by  t he   f l u i d   p r e s s u r e   a c t i n g   o n  

t h e   p i s t o n   60  i s   a t   a l l   t i m e s   b a l a n c e d   w i t h   t h e   f o r c e   of  t h e  

s p r i n g   64  and  a c c o r d i n g l y   the   p r e s s u r e   of  t h e   f l u i d   d e l i v e r e d  

f rom  t h e   f l u i d   d i s c h a r g e   p o r t   37  to  t he   f l u i d   d e l i v e r y  

p a s s a g e w a y   45  i s   c o n s t a n t l y   m a i n t a i n e d   a t   a  p r a c t i c a l l y   f i x e d  

v a l u e .  



F i g .   3  of  t h e   d r a w i n g s   show  a  m o d i f i c a t i o n   of  t h e  

h e r e i n b e f o r e   d e s c r i b e d   e m b o d i m e n t   of  the   p r e s e n t  i n v e n t i o n .  

In  t he   m o d i f i e d   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .   3,  t w o  

d i s p l a c e m e n t   a d j u s t i n g   means   81  and  81'  a r e   p r o v i d e d   in  l i e u  

of  t he   s i n g l e   d i s p l a c e m e n t   a d j u s t i n g   means   59  in  t h e  

e m b o d i m e n t   of  F i g .   2.  For   t h i s   p u r p o s e ,   t h e   pump  h o u s i n g   34 

in  t he   e m b o d i m e n t   of  F i g .   3  i s   f o r m e d   w i t h   two  r e c e s s e s   82 

and  82'  in  a d d i t i o n   to   t h e   g e n e r a l l y   c y l i n d r i c a l   c a v i t y   3 5 ,  

f l u i d   i n l e t   and  d i s c h a r g e   p o r t s   36  and  37  and  g e n e r a l l y  

s e m i c y l i n d r i c a l   g r o o v e   38.  The  r e c e s s e s   82  and  82'  p r o t r u d e  

r a d i a l l y   o u t w a r d l y   f rom  t h e   c a v i t y   35  and  a r e   l o c a t e d   a t   a n  

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

a x i s   of  t he   c a v i t y   35.  The  pump  h o u s i n g   34  i s   f u r t h e r   f o r m e d  

w i t h   c y l i n d r i c a l   b o r e s   83  and  83'  l o c a t e d   in  c o n j u n c t i o n   w i t h  

t h e s e   two  r e c e s s e s   82  and  8 2 ' ,   r e s p e c t i v e l y .   P l u n g e r s   84  a n d  

84'   a re   a x i a l l y   s l i d a b l e   e a c h   p a r t i a l l y   in  t h e s e   b o r e s   83  a n d  

83'   and  p r o j e c t   i n t o   t h e   r e c e s s e s   82  and  8 2 ' ,   r e s p e c t i v e l y ,  

in   t he   pump  h o u s i n g   34.  The  p l u n g e r s   84  and  84'  a x i a l l y  

e x t e n d   and  a re   m o v a b l e   w i t h   r e s p e c t   to  t h e   pump  h o u s i n g   34  i n  

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

s u r f a c e   of  t he   cam  member  49.  Each  of  t h e   p l u n g e r s   84  a n d  

84'   fo rms   in  e a c h   of  t h e   b o r e s   83  and  83'   a  c o n t r o l   f l u i d  

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

p r e s s u r e   r e g u l a t o r   v a l v e   ( no t   shown)  s i m i l a r   to  t he   v a l v e   66 

in  t he   e m b o d i m e n t   of  F i g .   2 .  

In  the   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .   3,  f u r t h e r m o r e ,  

t h e   g e n e r a l l y   c y l i n d r i c a l   cam  member  49  has   two  r a d i a l  



p r o t r u s i o n s   85  and  85'  r a d i a l l y   p r o j e c t i n g   o u t w a r d l y   f rom  t h e  

o u t e r   p e r i p h e r a l   w a l l   of  t he   cam  member   49.   The  r a d i a l  

p r o t r u s i o n s   85  and  85'  a r e   a n g u l a r l y   s p a c e d   a p a r t   t h r o u g h   t h e  

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

t h e   c y l i n d r i c a l   b o r e   50  in  t h e   cam  member   49  and  p r o j e c t   i n t o  

t h e   a b o v e   m e n t i o n e d   r e c e s s e s   82  and  8 2 ' ,   r e s p e c t i v e l y ,   in  t h e  

pump  h o u s i n g   34.  More  s p e c i f i c a l l y ,   one  r a d i a l   p r o t r u s i o n   85 

i s   l o c a t e d   a p p r o x i m a t e l y   in  d i a m e t r i c a l l y   o p p o s i t e  

r e l a t i o n s h i p   to   t he   p i v o t   p in   54  a c r o s s   t h e   c e n t e r   a x i s   o f  

t h e   a x i a l   b o r e   50  in  t he   cam  member  49,  and  t h e   o t h e r   r a d i a l  

p r o t r u s i o n   85'  i s   a n g u l a r l y   s p a c e d   a p a r t   t h r o u g h  

a p p r o x i m a t e l y   45  d e g r e e s   f rom  e a c h   of  t h e   p i v o t   p i n   54  a n d  

t h e   f o r m e r   r a i d a l   p r o t r u s i o n   85  as  shown .   The  a b o v e  

m e n t i o n e d   p l u n g e r s   84  and  84'  a r e   e n g a g e d   a t   t h e i r   r e s p e c t i v e  

l e a d i n g   ends   by  t h e s e   r a d i a l   p r o t r u s i o n s   85  and  8 5 ' ,  

r e s p e c t i v e l y .  

As  in  t he   e m b o d i m e n t   d e s c r i b e s   w i t h   r e f e r e n c e   to   F i g .   2 ,  

t h e   cam  member  49  of  t h e   e m b o d i m e n t   i l l u s t r a t e d   in   F i g .   3  i s  

u r g e d   by  s u i t a b l e   b i a s i n g   means  to   t u r n   a b o u t   t h e   c e n t e r   a x i s  

of   t h e   p i v o t   p in   54  in  a  d i r e c t i o n   to   p r o v i d e   a  m a x i m u m  

a m o u n t   of  e c c e n t r i c i t y   b e t w e e n   t h e   c e n t e r   a x i s   Oc  of  t h e  

a x i a l   b o r e   50  in  t he   cam  member  49  and  t h e   c e n t e r   a x i s   Or  o f  

t h e   r o t o r   55.  In  t he   e m b o d i m e n t   of  F i g .   3,  s u c h   b i a s i n g  

means   c o m p r i s e s   a  t o r s i o n   s p r i n g   86  l o c a t e d   a d j a c e n t   o n e  

a x i a l   end  of  t he   cam  member  49  and  h a v i n g   a  h e l i c a l  

i n t e r m e d i a t e   p o r t i o n   wou ld   on  an  end  p o r t i o n   of  t h e   p i v o t   p i n  

54,   an  arm  p o r t i o n   m e r g i n g   in  one  d i r e c t i o n   o u t   of  t h e  



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

e l e m e n t   87  s e c u r e d   to  one  end  w a l l   p o r t i o n   (no t   shown)  of  t h e  

pump  h o u s i n g   34,  and  an  arm  p o r t i o n   m e r g i n g   in  a n o t h e r  

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

on  a  p r o j e c t i o n   88  of  t h e   cam  member  49.  The  p r o j e c t i o n   87 

of  t h e   cam  member  49  p r o j e c t s   f rom  one  end  w a l l   p o r t i o n   89  o f  

t h e   cam  member  49.  The  cam  member  49  i s ,   t h u s ,   u r g e d   to  t u r n  

w i t h   r e s p e c t   to   t h e   pump  h o u s i n g   34  and  a c c o r d i n g l y   to  t h e  

r o t o r   55  a b o u t   t h e   c e n t e r   a x i s   of  t h e   p i v o t   p i n   54  in  a  

d i r e c t i o n   ( i n d i c a t e d   by  a r r o w   U)  to   have   i t s   r a d i a l  

p r o t r u s i o n s   85  and  85'   f o r c e d   a g a i n s t   t h e   l e a d i n g   end  f a c e s  

of  t h e   p l u n g e r s   84  and  8 4 ' ,   r e s p e c t i v e l y .   The  p l u n g e r s   84 

and  84'  and  a c c o r d i n g l y   t h e   r a d i a l   p r o t r u s i o n s   85  and  85'  o f  

t h e   cam  member  49  a re   t h u s   l o c a t e d   so  t h a t   t h e   t w o  

p e r p e n d i c u l a r   c o m p o n e n t s   of  t he   f o r c e   e x e r t e d   on  the   c a m  

member  49  by  t h e   t o r s i o n   s p r i n g   86  a r e   r e s p e c t i v e l y   i m p a r t e d  

f rom  the   r a d i a l   p r o t r u s i o n s   85  and  85'  of  t h e   cam  member  49  

to  t h e   p l u n g e r s   84  and  84'   in  t h e   a x i a l   d i r e c t i o n s   of  t h e  

p l u n g e r s .   T h u s ,   t h e   cam  member  49  i s   at   a l l   t i m e s   u r g e d   t o  

t u r n   w i t h   r e s p e c t   to   t h e   r o t o r   55  a b o u t   t h e   c e n t e r   a x i s   o f  

t h e   p i v o t   p in   54  in  t h e   d i r e c t i o n   of  t he   a r r o w   U  to  e n l a r g e  

t h e   amoun t   of  e c c e n t r i c i t y   b e t w e e n   t h e   c e n t e r   a x i s   Oc  of  t h e  

a x i a l   b o r e   50  in  t h e   cam  member  49  and  t he   c e n t e r   a x i s   Or  o f  

t h e   r o t o r   5 5 .  

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

c h a m b e r   fo rmed   in  e a c h   of  t h e   b o r e s   83  and  8 3 '  i n   t he   pump 

h o u s i n g   34,  the   p l u n g e r s   84  and  84'  a r e   f o r c e d   a t   t h e i r  



l e a d i n g   end  f a c e s   a g a i n s t   t he   r a d i a l   p r o t r u s i o n s   85  and  8 5 ' ,  

r e s p e c t i v e l y ,   of   t h e   cam  member  49.  I f   t h e   r e s u l t a n t   of  t h e  

f o r c e s   t h u s   e x e r t e d   on  t h e   r a d i a l   p r o t r u s i o n s   85  and  85'  b y  

t h e   p l u n g e r s   84  and  8 4 ' ,   r e s p e c t i v e l y ,   i s   l a r g e r   t h a n   t h e  

f o r c e   e x e r t e d   on  t h e   cam  member  49  by  t h e   t o r s i o n   s p r i n g   8 6 ,  

t h e   cam  member  49  is   c a u s e d   to  t u r n   a b o u t   t h e   c e n t e r   a x i s   o f  

t h e   p i v o t   p i n   54  in  a  d i r e c t i o n   o p p o s i t e   to   t h e   d i r e c t i o n   o f  

t h e   a r r o w   U  w i t h   r e s p e c t   to  t he   r o t o r   55  and  p r o d u c e s  

r e d u c t i o n   in  t h e   amoun t   of  e c c e n t r i c i t y   b e t w e e n   t h e   c e n t e r  

a x i s   Oc  of  t he   a x i a l   b o r e   50  in  t h e   cam  member   49  and  t h e  

c e n t e r   a x i s   Or  of  t h e   r o t o r   55.  The  r e d u c t i o n   in  t h e   a m o u n t  

of   e c c e n t r i c i t y   b e t w e e n   t h e   cam  member   49  and  t h e   r o t o r   55  

r e s u l t s   in   r e d u c t i o n   in  t h e   v o l u m e   of  t h e   pump  c h a m b e r   56  

b e t w e e n   t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of   t h e   cam  member  49  a n d  

t h e   o u t e r   p e r i p h e r a l   s u r f a c e   of  t he   r o t o r   55  and  a c c o r d i n g l y  

i n - r e d u c t i o n   in  t h e   f l u i d   d i s p l a c e m e n t   r a t e   of  t h e   pump,  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   of  F i g .   2 .  

The  two  d i s p l a c e m e n t   a d j u s t i n g   means   81  and  81'  b e i n g  

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

59  in  t h e   e m b o d i m e n t   of  F i g .   2,  e a c h   of  t h e   two  d i s p l a c e m e n t  

a d j u s t i n g   means   81  and  81'  can  be  c o n s t r u c t e d   w i t h   r e d u c e d  

d i m e n s i o n s   as  c o m p a r e d   w i t h   t he   d i m e n s i o n s   of  t h e  

d i s p l a c e m e n t   a d j u s t i n g   means   59  in  t h e   e m b o d i m e n t   of  F i g .   2 .  

For   t h i s   r e a s o n   and  f u r t h e r   b e c a u s e   of  t h e   f a c t   t h a t   t h e r e   i s  

no  need   of  p r o v i d i n g   an  e x t r a   s p a c e   f o r   t h e   a c c o m m o d a t i o n   o f  

t he   t o r s i o n   s p r i n g   86,  t h e   pump  h o u s i n g   34  of  t h e   e m b o d i m e n t  

of  F i g .   3  can  be  c o n s t r u c t e d   s i m p l y   w i t h   t h e   c y l i n d r i c a l   w a l l  



p o r t i o n   and  end  w a l l   p o r t i o n s   w i t h o u t   f o r m i n g   any  p r o t r u s i o n  

or  lug   p o r t i o n   on  t he   c y l i n d r i c a l   w a l l   p o r t i o n .   S i n c e ,  

f u r t h e r m o r e ,   e a c h   of  t h e   p l u n g e r s   84  and  84'  p r o v i d e d   in  t h e  

pump  h o u s i n g   34  can  be  c o n s t r u c t e d   w i t h   r e d u c e d   d i m e n s i o n s   a s  

c o m p a r e d   w i t h   t he   p i s t o n   60  and  the   p l u n g e r   61  in  t h e  

e m b o d i m e n t   of  F i g .   2,  t h e   pump  h o u s i n g   34  in  t he   e m b o d i m e n t  

of  F i g .   3  can  be  c o n s t r u c t e d   w i t h   a  r e d u c e d   a x i a l   l e n g t h .  

F i g .   4  of  t he   d r a w i n g s   shows  p o r t i o n s   of  a n o t h e r  

m o d i f i c a t i o n   of  t he   e m b o d i m e n t   h e r e i n b e f o r e   d e s c r i b e d   w i t h  

r e f e r e n c e   to  F i g .   2.  In  t h e   a r r a n g e m e n t   h e r e i n   shown,   t h e  

c y l i n d r i c a l   h o l e   53  f o r m e d   in  t h e   r a d i a l   p r o t r u s i o n   51  of  t h e  

cam  member  49  has   a  d i a m e t e r   l a r g e r   t h a n   t he   d i a m e t e r   of  t h e  

p i v o t   p i n   54  and  has   r e c e i v e d   t h e r e i n   an  e l a s t i c   t u b u l a r  

e l e m e n t   90  o f ,   f o r   e x a m p l e ,   r u b b e r .   The  p i v o t   p i n   54  is   t h u s  

s l i d a b l y   r e c e i v e d   in  t h e   a x i a l   b o r e   in  t h e   t u b u l a r   e l e m e n t   90 

so  t h a t   t he   cam  member  49  i s   e l a s t i c a l l y   s u p p o r t e d  b y   t h e  

p i v o t   p in   54.  The  t u b u l a r   e l e m e n t   90  s e r v e s   no t   o n l y   t o  

dampen  t h e   v i b r a t i o n   t r a n s f e r r e d   f rom  t h e   v a n e d   r o t o r   55  t o  

t h e   cam  member  49  bu t   to   m i n i m i z e   the   v i b r a t i o n s   to   b e  

t r a n s f e r r e d   from  the   cam  member   49  to  t he   pump  h o u s i n g   3 4 .  

The  v i b r a t i o n s   t r a n s f e r r e d   to  t he   cam  member  49  b e i n g  

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

pumped  f rom  the   pump  c h a m b e r   can  be  r e d u c e d   s i g n i f i c a n t l y .  

The  r e d u c t i o n   in  t he   f l u c t u a t i o n s   in  t he   pumped  f l u i d  

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

of  t he   cam  member  49  and  w i l l   f u r t h e r   c o n t r i b u t e   to  t h e  

r e d u c t i o n   of  the   f l u c t u a t i o n s   in  t he   pumped  f l u i d   p r e s s u r e .  



I t   w i l l   h a v e   been   u n d e r s t o o d   f rom  t he   f o r e g o i n g  

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

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

a r r a n g e m e n t   in  w h i c h   t he   p i s t o n   60  f o r m i n g   p a r t   of   t h e  

d i s p l a c e m e n t   a d j u s t m e n t   means   59  in  t h e   e m b o d i m e n t   of  F i g .   2 

or  e a c h   of  t h e   p l u n g e r s   84  and  84'  of  t h e   d i s p l a c e m e n t  

a d j u s t i n g   means   81  and  81'   in  t h e   e m b o d i m e n t   of  F i g .   3  i s  

c o n s t r u c t e d   s e p a r a t e l y   of  t h e   cam  member  49.  The  p i s t o n   60  

or  e a c h   of  t h e   p l u n g e r   84  and  84'   b e i n g   t h u s   c o n s t r u c t e d  

s e p a r a t e l y   of  t h e   cam  member  49,  t h e   cam  member  49  n e e d   n o t  

be  p r o v i d e d   w i t h   s e a l i n g   e l e m e n t s   b e t w e e n   t he   pump  h o u s i n g   34  

and  t h e   cam  member   49  a n d ,   f u r t h e r m o r e ,   no  p r e c i s i o n  

m a c h i n i n g   i s   r e q u i r e d   f o r   t h e   f a b r i c a t i o n   of  t h e   p i s t o n   60  o r  

t h e   p l u n g e r s   84  and  84'  and  f o r   t h e   f o r m a t i o n   of  t h e  

c o n c a v i t y   41  in  t h e   pump  h o u s i n g   34  of  t h e   e m b o d i m e n t   of  F i g .  

2  or  t he   b o r e s   83  and  83'   in  t he   pump  h o u s i n g   34  of  t h e  

e m b o d i m e n t   of  F i g .   3.  In  t he   e m b o d i m e n t   of  F i g .   2,  t h e  

p i s t o n   60  can  t h u s   be  e a s i l y   and  r e l i a b l y   s e a l e d   to   t h e  

i n t e r n a l   p e r i p h e r a l   s u r f a c e   of  t h e   lug  p o r t i o n   40  of  t h e   p u m p  

h o u s i n g   34  and ,   f o r   t h i s   r e a s o n ,   t he   s l i d i n g   f r i c t i o n   to   b e  

p r o d u c e d   b e t w e e n   t he   p i s t o n   60  and  t he   i n t e r n a l   p e r i p h e r a l  

s u r f a c e   of  t h e   l ug   p o r t i o n   40  can   be  c o n t r o l l e d   e a s i l y  

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

p e r f o r m a n c e   of  t h e   p i s t o n   60.  F u r t h e r m o r e ,   t h e   p r e s s u r e  

a c t i n g   a r e a   of  t h e   p i s t o n   60  can  be  s e l e c t e d   w i t h o u t   r e s p e c t  

to   t he   g e o m e t r y   of  t h e   cam  member  49  s i n c e   t he   p i s t o n   60  c a n  

be  d e s i g n e d   i n d e p e n d e n t l y   of  t h e   cam  member  49.  T h e s e  



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

means   81  and  81'  of  t h e   e m b o d i m e n t   of  F i g .   3 .  

B e c a u s e ,   f u r t h e r m o r e ,   t he   cam  member  49  in  e a c h   of  t h e  

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

t h e   p i v o t   p in   54  by  means   of  i t s   r a d i a l   p r o t r u s i o n   51  s a l i e n t  

f rom  t h e   c y l i n d r i c a l   w a l l   p o r t i o n   of  t he   cam  member   49  a n d  

p r o t r u d i n g   i n t o   t h e   s e m i c y l i n d r i c a l   g r o o v e   38  in  t he   p u m p  

h o u s i n g   34,  t he   a x i s   of  r o c k i n g   m o t i o n s   of  t h e   cam  member  49 

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

member  49  so  t h a t   t he   cam  member  49  is  p e r m i t t e d   to   o s c i l l a t e  

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

h o u s i n g   34  and  to  t h e   r o t o r   55  when  r e q u i r e d   to  t u r n   a  

c e r t a i n   d i s t a n c e   a b o u t   t h e   c e n t e r   a x i s   of  t h e   p i v o t   p i n   5 4 .  

T h i s   means   t h a t   t h e   cam  member  49  i s   f a i t h f u l l y   r e s p o n s i v e   t o  

f o r c e s   i m p a r t e d   t h e r e t o   f rom  t he   p i s t o n   60  and  t h e   s p r i n g   64 

in  t h e   e m b o d i m e n t   of  F i g .   2  or  f rom  t he   p l u n g e r s   84  and  8 4 '  

in  t he   e m b o d i m e n t   of  F i g .   3.  For   t h i s   r e a s o n ,   n o t   o n l y   t h e  

cam  member  49  is   p r e v e n t e d   f rom  b e i n g   moved  e x c e s s i v e l y   w i t h  

r e s p e c t   to   t h e   r o t o r   55  b u t   t he   s p r i n g   c o n s t a n t   of  t h e  

c o m p r e s s i o n   s p r i n g   64  in  t h e   e m b o d i m e n t   of  F i g .   2  or  of  t h e  

t o r s i o n   s p r i n g   86  in  t he   e m b o d i m e n t   of  F i g .   3  can  be  s e l e c t e d  

w i t h o u t   s t r i c t   c o n s i d e r a t i o n   of  the   r e s p o n s i v e n e s s   of  t he   c am 

member  49  to  t he   f o r c e s   e x e r t e d   and  to  be  e x e r t e d   t h e r e o n .  

The  a x i s   of  r o c k i n g   m o t i o n s   of  t he   cam  member  49  b e i n g  

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

member  49,  f u r t h e r m o r e ,   t h e   p l u n g e r   61  in  t he   e m b o d i m e n t   o f  

F i g .   2  or  e ach   of  t he   p l u n g e r s   84  and  84'  in  t he   e m b o d i m e n t  



of  F i g .   3  can  be  d e s i g n e d   to   have   a  r e l a t i v e l y   s h o r t   m a x i m u m  

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

In  e a c h   of  t he   e m b o d i m e n t s   of   F i g s .   2  and  3,  t he   p i v o t  

p i n   54  i s   l o c a t e d   c l o s e r   to   t h e   f l u i d   d i s c h a r g e   p o r t   37  t h a n  

to  t h e   f l u i d   i n l e t   p o r t   36  in  t h e   pump  h o u s i n g   34  a s  

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

F i g .   2.  In  o r d e r   to  e x p l o i t   t he   h e r e i n b e f o r e   d e s c r i b e d  

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

c y l i n d r i c a l   h o l e   53  to  r e c e i v e   t h e   p i v o t   p i n   54  in  t h e   r a d i a l  

p r o t r u s i o n   51  of  t h e   cam  member  49  i s   p r e f e r a b l y   l o c a t e d  

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

s u r f a c e   of  t h e   c y l i n d r i c a l   w a l l   p o r t i o n   of  t h e   cam  member   4 9 .  

F u r t h e r m o r e ,   t he   p i v o t   p i n   54  l o c a t e d   in  c o n j u n c t i o n   w i t h   t h e  

f l u i d   d i s c h a r g e   p o r t   37  as  a b o v e   m e n t i o n e d   i s   p r e f e r a b l y  

l o c a t e d   in  such   a  m a n n e r   t h a t   t he   c e n t e r   a x i s   of  t h e   p i v o t  

p i n   54  i s   l o c a t e d   w i t h i n   t h e   c e n t r a l   a n g l e   of  3 6 0 / 2 n   d e g r e e s  

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

55  and  t h e   c e n t e r   of  a r c   of  t h e   f l u i d   d i s c h a r g e   p o r t   3 7 ,  

w h e r e i n   n  d e n o t e s   t h e   n u m b e r   of  t he   v a n e s   58  on  t h e   r o t o r   5 5 .  

When  t h e   p i v o t   p in   54  i s   l o c a t e d   in   t h i s   f a s h i o n   w i t h   r e s p e c t  

to   t h e   f l u i d   d i s c h a r g e   p o r t   37  in  t he   pump  h o u s i n g   34,  t h e  

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

p e r i p h e r a l   s u r f a c e   of  t h e   cam  member  49  a r e   c a n c e l l e d   by  e a c h  

o t h e r   so  t h a t   t h e   cam  member  49  i s   s u b j e c t e d   to   no  s u c h  

b i a s i n g   f o r c e   t h a t   wou ld   o t h e r w i s e   be  i m p a r t e d   to   t he   c am 

member  49  by  t he   p r e s s u r i z e d   f l u i d   f l o w i n g   f rom  t h e   pump 

c h a m b e r   56  i n t o   t h e   f l u i d   d i s c h a r g e   p o r t   37.  T h i s   w i l l  



s i g n i f i c a n t l y   f a c i l i t a t e   t he   d e s i g n i n g   of  t he   d i s p l a c e m e n t  

a d j u s t i n g   m e a n s .  



1.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  c o m p r i s i n g ,  

in  c o m b i n a t i o n ,  

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

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

a  h o l l o w   cam  member   p o s i t i o n e d   in  s a i d   c a v i t y   a n d  

r o c k a b l e   in  t h e   c a v i t y   a b o u t   an  a x i s   f i x e d   w i t h   r e s p e c t  

to   t h e   pump  h o u s i n g ,   t he   cam  member  b e i n g   f o r m e d   w i t h   a n  

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

t h e   a x i s   of  r o c k i n g   m o t i o n s   of  t h e   cam  m e m b e r ,  

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

r o t a t a b l e   in  t h e   a x i a l   b o r e   a b o u t   an  a x i s   s u b s t a n t i a l l y  

p a r a l l e l   w i t h   an  o f f s e t   f rom  t he   c e n t e r   a x i s   of  t h e   b o r e  

in  t h e   cam  member ,   t h e   amoun t   of  e c c e n t r i c i t y   b e t w e e n   t h e  

c e n t e r   a x i s   of  s a i d   b o r e   and  t h e   a x i s   of  r o t a t i o n   of  t h e  

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

of  t h e   cam  member   w i t h   r e s p e c t   to   s a i d   r o t o r   a b o u t   t h e   a x i s  

of  r o c k i n g   m o t i o n s   of  t he   cam  member ,   t h e   r o t o r   f o r m i n g  

b e t w e e n   t he   i n n e r   p e r i p h e r a l   s u r f a c e   of   s a i d   cam  m e m b e r  

and  t h e   o u t e r   p e r i p h e r a l   s u r f a c e   of   t h e   r o t o r   a  v a r i a b l e -  

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

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

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

t o w a r d   and  away  f rom  the   i n n e r   p e r i p h e r a l   s u r f a c e   of  s a i d  

cam  m e m b e r ,  

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

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

f l u i d   d e l i v e r e d   f rom  s a i d   pump  c h a m b e r   t o  s a i d   f l u i d  

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



c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t  

t h e   d i s p l a c e m e n t   a d j u s t i n g   means   ( 5 9 , 8 1 )   c o m p r i s e   a  p r e s -  

s u r e - a c t i n g   member  ( 6 0 , 8 4 )   wh ich   is   r e s p o n s i v e   to  v a r i a t i o n  

in  t h e   p r e s s u r e   of  t he   f l u i d   d e l i v e r e d   f rom  s a i d   pump  c h a m -  

b e r   (56)  t h r o u g h   s a i d   f l u i d   d i s c h a r g e   p o r t   (37)  and  w h i c h  

i s   o p e r a t i v e   to   d r i v e   s a i d   cam  member  (49)  to  t u r n   w i t h   r e s -  

p e c t   to  s a i d   pump  h o u s i n g   (34)  and  to   s a i d   r o t o r   (55)  a b o u t  

s a i d   a x i s   of   r o c k i n g   m o t i o n s   of  t h e   cam  member  (49)  in  a  

d i r e c t i o n   to   r e d u c e   s a i d   amoun t   of  e c c e n t r i c i t y ,   s a i d  

p r e s s u r e - a c t i n g   member   ( 6 0 , 8 4 )   b e i n g   c o n s t r u c t e d   s e p a r a t e l y  

of  s a i d   cam  member  ( 4 9 ) ,   and  b i a s i n g   means   ( 6 4 , 8 6 )   u r g i n g  

s a i d   cam  member  (49)  to   t u r n   w i t h   r e s p e c t   to   s a i d   p u m p  

h o u s i n g   (34)  and  s a i d   r o t o r   (55)  a b o u t   s a i d   a x i s   of  r o c k i n g  

m o t i o n s   of  a  cam  member   (49)  in  a  d i r e c t i o n   to   i n c r e a s e  

s a i d   amoun t   of  e c c e n t r i c i t y .  

2.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

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   cam  member  (49)  has   a  c y l i n d r i c a l   w a l l   p o r t i o n   d e f i -  

n i n g   s a i d   a x i a l   b o r e   (50)  t h e r e i n   and  a  r a d i a l   p r o t r u s i o n  

(51)  r a d i a l l y   s a l i e n t   f rom  s a i d   c y l i n d r i c a l   w a l l   p o r t i o n  

and  fo rmed   w i t h   a  c y l i n d r i c a l   h o l e   (53)  h a v i n g   a  c e n t e r  

a x i s   c o i n c i d e n t   w i t h   s a i d   a x i s   of  w o r k i n g   m o t i o n s   of  t h e  

cam  member  (49)  and  i s   r o c k a b l y   s u p p o r t e d   on  s a i d   pump 

h o u s i n g   (34)  by  means   of  an  e l o n g a t e d   p i v o t   e l e m e n t   ( 5 4 )  

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

h o u s i n g   (34)  and  p a s s e d   t h r o u g h   s a i d   c y l i n d r i c a l   h o l e   ( 5 3 )  

in  t h e   r a d i a l   p r o t r u s i o n   of  t he   cam  member  (49)  so  t h a t   t h e  



cam  member   (49)  i s   r o c k a b l e   a b o u t   t h e   c e n t e r   a x i s   of  t h e  

p i v o t   e l e m e n t   ( 5 4 ) .  

3.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  c l a i m   1  or  2 ,  

c  h  a  r   a  c  t  e   r  i   z  e  d  i n  t h a t  

s a i d   pump  h o u s i n g   (34)  is   f o r m e d   w i t h   a  c o n t r o l   f l u i d  

c h a m b e r   ( 6 3 , 8 3 )   c o m m u n i c a b l e   w i t h   s a i d   f l u i d   d i s c h a r g e  

p o r t   ( 3 7 ) ,   s a i d   p r e s s u r e - a c t i n g   member   (60)  b e i n g   s l i d a b l e  

in  s a i d   c o n t r o l   f l u i d   c h a m b e r   (63)  in  r e s p o n s e   to  v a r i a t i o n  

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

c h a m b e r   ( 6 3 ) .  

4.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  c l a i m   3 ,  

c  h  a   r  a  c  t   e  r  i  z  e  d   in  t h a t  

s a i d   r a d i a l   p r o t r u s i o n   (51)  of  t h e   cam  member  (49)  c o n s t i -  

t u t e s   a  f i r s t   r a d i a l   p r o t r u s i o n   of   t h e   cam  member  (49)  w h i c h  

f u r t h e r   c o m p r i s e s   a  s e c o n d   r a d i a l   p r o t r u s i o n   (52)  r a d i a l l y  

s a l i e n t   f rom  s a i d   c y l i n d r i c a l   w a l l   p o r t i o n   of  t h e   cam  mem-  

b e r   (49)  s u b s t a n t i a l l y   in  d i a m e t r i c a l l y   o p p o s i t e   r e l a t i o n -  

s h i p   to   s a i d   f i r s t   r a d i a l   p r o t r u s i o n   (51)  a c r o s s   t h e  

c e n t e r   a x i s   of  s a i d   a x i a l   b o r e   (50)  in   t he   cam  m e m b e r  

( 4 9 ) ,   s a i d   p r e s s u r e - a c t i n g   member   (60)  b e i n g   e n g a g e a b l e  

w i t h   s a i d   s e c o n d   r a d i a l   p r o t r u s i o n   (52)  of  t h e   cam  m e m b e r  

(49)  and  o p e r a t i v e   to  f o r c e   t h e   s e c o n d   r a d i a l   p r o t r u s i o n  

(52)  to   move  in  a  d i r e c t i o n   to   t u r n   t h e   cam  member  (49)  i n  

s a i d   d i r e c t i o n   to  r e d u c e   s a i d   a m o u n t   of   e c c e n t r i c i t y   a g a i n s t  

t he   f o r c e   of  s a i d   b i a s i n g   means   ( 6 4 ) .  



5.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

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  

s a i d   f l u i d   i n l e t   p o r t   (36)  and  s a i d   f l u i d   d i s c h a r g e   p o r t  

(37)  e x t e n d   a r c u a t e l y   a b o u t   t he   a x i s   of  r o t a t i o n   of  s a i d  

r o t o r   (55)  in  d i a m e t r i c a l l y   o p p o s i t e   r e l a t i o n s h i p   to  e a c h  

o t h e r   a c r o s s   t he   a x i s   of   r o t a t i o n   (Or)  of  t he   r o t o r   ( 5 5 ) ,  

t he   f i r s t   r a d i a l   p r o t r u s i o n   (51)  of  t he   cam  member  ( 4 9 )  

b e i n g   l o c a t e d   c l o s e r   to   t he   f i r s t   d i s c h a r g e   p o r t   (37)  t h a n  

to  t he   f l u i d   i n l e t   p o r t   (36)  and  t h e   s e c o n d   r a d i a l   p r o t r u -  

s i o n   (52)  of  t he   cam  member  (49)  b e i n g   l o c a t e d   c l o s e r   t o  

t he   f l u i d   i n l e t   p o r t   (36)  t h a n   to   t h e   f l u i d   d i s c h a r g e   p o r t  

( 3 7 ) .  

6.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  any  of  t h e   c l a i m s   2  to   5 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t he   c y l i n d r i c a l   h o l e   ( 5 3 )  

in  s a i d   r a d i a l   p r o t r u s i o n   (51)  of  t he   cam  member  (49)  i s  

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

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

cam  member  ( 4 9 ) .  

7.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  c l a i m s   5  and  6 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t  

t he   c e n t e r   a x i s   of  s a i d   p i v o t   e l e m e n t   (54)  i s   l o c a t e d  

w i t h i n   the   c e n t r a l   a n g l e   of  3 6 0 / 2 n   d e g r e e s   a c r o s s   a  p l a n e  

p a s s i n g   t h r o u g h   the   a x i s   of  r o t a t i o n   (Or)  of  s a i d   r o t o r  

(55)  and  t he   c e n t e r   of  a rc   of  s a i d   f l u i d   d i s c h a r g e   p o r t  



(37)  w h e r e i n   n  i s   t h e   number   of  s a i d   v a n e s   ( 5 8 ) .  

8.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  c l a i m   3 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t  

s a i d   d i s p l a c e m e n t   a d j u s t i n g   means   (81)  w h i c h   i s   a r r a n g e d  

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

s a i d   a x i s   of  r o c k a b l e   m o t i o n s   of  s a i d   cam  member  ( 4 9 )  

a c r o s s   t he   c e n t e r   a x i s   (Oc)  of  t he   a x i a l   b o r e   (50)  i n  

the   cam  member  ( 4 9 ) ,   c o n s t i t u t e s   one  of  two  such   m e a n s  

( 8 1 , 8 1 ' )   the   o t h e r   of   t h e   two  d i s p l a c e m e n t   a d j u s t i n g  

means   ( 8 1 ' )   b e i n g   a r r a n g e d   a t   an  a n g u l a r   s p a c i n g   o f  

a p p r o x .   90  d e g r e e s   f rom  each   of  s a i d   f i r s t   d i s p l a c e m e n t  

a d j u s t i n g   means   (81)  and  s a i d   a x i s   of  r o c k i n g   m o t i o n s  

of  t h e   cam  member  ( 4 9 ) .  

9.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  c l a i m   2 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t  

s a i d   b i a s i n g   means   c o m p r i s e   a  t o r s i o n   s p r i n g   (86)  l o c a t e d  

a d j a c e n t   one  a x i a l   end  of  s a i d   cam  member   (49)  and  h a v i n g  

a  h e l i c a l   i n t e r m e d i a t e   p o r t i o n   wound  on  s a i d   p i v o t   e l e m e n t  

( 5 4 ) ,   an  arm  p o r t i o n   m e r g i n g   in  one  d i r e c t i o n   f rom  t h e  

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

h o u s i n g   (34)  and  an  arm  p o r t i o n   m e r g i n g   in  a n o t h e r   d i r e c t i o n  

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

s a i d   c a m  m e m b e r   (49)  f o r   u r g i n g   t h e   c a m  m e m b e r   (49)  t o  

t u r n   a b o u t   the   c e n t e r   a x i s   of  s a i d   p i v o t   e l e m e n t   (54)  i n  



a  d i r e c t i o n   to  r e d u c e   s a i d   amoun t   of  e c c e n t r i c i t y .  

10.  A  v a r i a b l e - d i s p l a c e m e n t   s l i d i n g - v a n e   pump  as  s e t   f o r t h  

in  any  of  t he   c l a i m s   2  to   9 ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   b y  

an  e l a s t i c   t u b u l a r   e l e m e n t   (90)  f i t t e d   in  s a i d   c y l i n d r i c a l  

h o l e   (53)  in  s a i d   r a d i a l   p r o t r u s i o n   (51)  of  t h e   cam  m e m b e r  

( 4 9 ) ,   s a i d   p i v o t   e l e m e n t   (54)  b e i n g   a x i a l l y   p a s s e d   t h r o u g h  

an  a x i a l   b o r e   in  s a i d   t u b u l a r   e l e m e n t   ( 9 0 ) .  
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