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(54)  Single  acting  piston  pump. 
The  pump  (18)  has  a  barrel  (36)  including  a  bore  (38),  an 

inlet  (42)  and  an  outlet  (44).  Check  valves  (70,80)  control  the 
flow  offluid from  the  inlet to  the  outlet  during  reciprocation  of 
a  piston  (50)  within  the  bore  (38).  The  piston  (50)  is  driven  by  a 
cam  (30)  having  a  special  profile  cam  surface  with  an  idle 
surface  (34)  of  at  least  100  degrees.  The  flow  area  of the  first 
check  valve  (70)  is  greater  than  that  of the  second  check  valve 
(80). 





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

pumps  w h i c h   may  be  u s e d ,   f o r   e x a m p l e ,   as  t r a n s f e r   p u m p s  

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

Many  f u e l   i n j e c t e d   i n t e r n a l   c o m b u s t i o n   e n g i n e s  

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

a t   r e l a t i v e l y   low  p r e s s u r e s ,   to   a  p l u r a l i t y   of  i n j e c t i o n  

p u m p s ,   one  f o r   e a c h   w o r k i n g   c h a m b e r   of  t he   e n g i n e .  

F r e q u e n t l y ,   t h e   t r a n s f e r   pumps  e m p l o y e d   a r e   p i s t o n   p u m p s  
d r i v e n   by ,   f o r   e x a m p l e ,   a  cam  s h a f t .   In  mos t   i n s t a n c e s ,  

i t   w o u l d   be  d e s i r a b l e   to   u t i l i z e   a  s i n g l e   a c t i n g   pump 

by  r e a s o n   of  t h e i r   r e l a t i v e   s i m p l i c i t y   and  low  c o s t .  

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

pumps  t e n d s  t o   d r o p   o f f   r a p i d l y   as  e n g i n e   s p e e d   i n c r e a s e s  

due  to   f u e l   l i n e   i n e r t i a   l o s s e s   a n d / o r   c a v i t a t i o n   l o s s e s  

w i t h   t h e   c o n s e q u e n c e   t h a t   a t   h i g h e r   e n g i n e   s p e e d s ,   s u c h  

pumps  may  be  u n a b l e   to  s u p p l y   t h e   r e q u i r e d   f u e l   v o l u m e  

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

p r e s s u r e .   Where  s u c h   pumps  a r e   c a p a b l e   of  d e l i v e r i n g  

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

o v e r s i z e d ,   and  more  c o s t l y ,   t h a n   a  pump  whose  v o l u m e t r i c  

e f f i c i e n c y   i s   g r e a t e r .   M o r e o v e r ,   a t   low  e n g i n e   s p e e d s ,  

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

i s   n o t   u t i l i z e d .  

As  a  c o n s e q u e n c e ,   many  s u c h   e n g i n e   s y s t e m s   u t i l i z e  

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

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



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

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

a r e   n o t   w i t h o u t   t h e i r  d r a w b a c k s .   By  t h e i r   v e r y  n a t u r e ,  

t h e y   a r e   more   c o m p l i c a t e d   t h a n  s i n g l e   a c t i n g   pumps   a n d  

t h e r e f o r e   more   e x p e n s i v e ,   and  b e c a u s e   of   t h e i r   g r e a t e r  

c o m p l e x i t y ,   t h e y   may  be  m o r e - p r o n e   t o   f a i l u r e ,   t h e r e b y  

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

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

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

b o r e ,   an  i n l e t  o n   one  end  a n d  a n   o u t l e t  a t   t h e   o t h e r   e n d ;  

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

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

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

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

o f   a t   l e a s t   100  d e g r e e s ;   a  f i r s t   c h e c k   v a l v e   i n   t h e  

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

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

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

l i q u i d   f l o w   f rom  t h e   b o r e   to   t h e  o u t l e t   a n d  p r e v e n t i n g  

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

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

A c c o r d i n g   to   a  s e c o n d   a s p e c t   o f   t h e   i n v e n t i o n ,  

a  s i n g l e   a c t i n g  p i s t o n   pump  c o m p r i s i n g   a  p u m p   b a r r e l  

h a v i n g   a  b o r e ,   an  i n l e t   a t  o n e  e n d  a n d   a n  o u t l e t   a t   t h e  

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

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

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

l i q u i d   f l o w  i n t o   t h e  b o r e   and   p r e v e n t i n g  r e v e r s e   f l o w ;  

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

to   a l l o w   f l u i d   f l o w  f r o m   t h e   b o r e   to   t h e   o u t l e t ;   t h e  

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

p a s s a g e   a r e a   t h a n  t h e   s e c o n d   c h e c k   v a l v e .  

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

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

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

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



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

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

a s s o c i a t e d   w i t h   s i n g l e   a c t i n g   p i s t o n   p u m p s .  
One  e x a m p l e   of  a  pump  c o n s t r u c t e d   in   a c c o r d a n c e  

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

to  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 u r e   1  i s   a  s c h e m a t i c   d i a g r a m   of  an  i n t e r n a l  

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

may  be  e m p l o y e d ;  

F i g u r e   2  i s   a  s e c t i o n a l   v i e w   of   an  e m b o d i m e n t   o f  

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

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

F i g u r e   3  i s   an  e n l a r g e d ,   f r a g m e n t a r y   s e c t i o n a l  

v i e w   t a k e n   a l o n g   t h e   l i n e   3-3   in   F i g u r e   2 .  

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

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

an  i n t e r n a l   c o m b u s t i o n   e n g i n e   10  h a v i n g   f o u r   w o r k i n g  

c h a m b e r s   (See   F i g u r e   1 ) .   A  p l u r a l i t y   of  f u e l   i n j e c t i o n  

pumps  12  a r e   p r o v i d e d ,   one  f o r   e a c h   w o r k i n g   c h a m b e r .  

The  pumps  12  may  be  of  t h e   c o n v e n t i o n a l   s c r o l l   t y p e   a n d  

fo rm  no  p a r t   of   t h e   p r e s e n t   i n v e n t i o n .  

F u e l   i s   c o n t a i n e d   in   a  f u e l   t a n k   14  h a v i n g   a n  

o u t l e t   c o n n e c t e d   by  a  c o n d u i t   16  to   t h e   i n l e t   of   a  t r a n s -  

f e r   pump  18  c o n s t r u c t i o n   a c c o r d i n g   to   t h e   i n v e n t i o n .   T h e  

o u t l e t   of   t h e   t r a n s f e r   pump  i s   c o n n e c t e d   by  a  c o n d u i t   2 0  

to  t h e   i n j e c t i o n   pumps  12  to  s u p p l y   f u e l   t h e r e t o .   E x c e s s  

f u e l   a t   t h e   i n j e c t i o n   pumps  12  may  be  r e t u r n e d   to  t h e   t a n k  

14  or  t h e   l i n e   16  v i a   a  c o n d u i t   22  shown  in   d o t t e d   l i n e s .  

The  e n g i n e   10  w i l l   t y p i c a l l y   d r i v e   one  or  more  c am 

s h a f t s   or  t h e   l i k e   f o r   p r o v i d i n g   p o w e r   to   t h e   i n j e c t i o n  

pumps  12  and  t h e   t r a n s f e r   pump  18.  Such   a  cam  s h a f t  

i s   shown  s c h e m a t i c a l l y   a t   24  in   d o t t e d   l i n e s   in   F i g u r e   1 .  

T u r n i n g   now  to  F i g u r e   2,  t h e   c o n s t r u c t i o n   of  t h e  

t r a n s f e r   pump  18  w i l l   be  d e s c r i b e d   in   g r e a t e r   d e t a i l .  



The  cam  s h a f t   24  i s   c o n t a i n e d   w i t h i n   a  h o u s i n g   26  a n d  

i s   r o t a t a b l e   a b o u t   i t s   l o n g i t u d i n a l  a x i s   28.  M o u n t e d  

on  t h e   c a m  s h a f t  2 4   f o r  r o t a t i o n   t h e r e w i t h   i s   a  cam  3 0  

w h i c h   h a s   a  s p e c i a l   p r o f i l e .   The  cam  30  h a s   a  p r o f i l e  

i n c l u d i n g   a  p u m p i n g   s u r f a c e   32  a n d  a   n o n p u m p i n g   i d l e  

s u r f a c e   24.   T h e  p r o f i l e  i s  r e f e r a b l y   s y m m e t r i c a l   o n  

b o t h   s i d e s   o f   i t s  a p e x   so  as   t o   p r o v i d e   p u m p i n g  f o r  

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

i s   n o t   o f   c o n c e r n ,   s y m m e t r y   may  be  d i s p e n s e d   w i t h .  

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

b a s e   c i r c l e   of  t h e   c a m  3 0 ,   t h a t   i s ,   i t   i s  o f   c o n s t a n t  

r a d i u s   a b o u t   t h e   r o t a t i o n a l  a x i s   of   t h e  c a m   s h a f t   2 4 .  

The  s u r f a c e   34  h a s  a s  l o n g   an  a n g u l a r   l e n g t h   as  p o s s i b l e ,  

a t   l e a s t   1 0 0 ° ,   and  i n   t h e  p r e f e r r e d   e m b o d i m e n t ,  1 5 0 ° .  

C o n s e q u e n t l y ,   t h e   i d l e   s u r f a c e   34  p r o v i d e s  f o r   a  

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

A  p u m p  b a r r e l   36  i s   s e c u r e d   i n   any  s u i t a b l e   f a s h i o n  

to   t h e   cam  s h a f t   h o u s i n g   26  and   i n c l u d e s  a n   e l o n g a t e  

b o r e   38  l o c a t e d   on  a  r a d i u s  e x t e n d e d   of   t h e   cam  s h a f t  

24 .   The  b a r r e l   36  i n c l u d e s   a  h e a d   40  c l o s i n g   o n e  e n d  

of   t h e   b o r e   38  a n d  w h i c h   i n c l u d e s   an  i n l e t  p a s s a g e   4 2  

w h i c h   i s   c o n n e c t e d   to   t h e   c o n d u i t   16  ( F i g u r e   1)  f r o m  

t h e   f u e l  t a n k   1 4 .  

At  t h e   end  of  t h e   b o r e   38  o p p o s i t e  f r o m   t h e   i n l e t  

42  t h e   b a r r e l   36  i n c l u d e s   an  o u t l e t   44  w h i c h   i s   c o n n e c t e d  

v i a   t h e   c o n d u i t   20  to   t h e   i n j e c t i o n   pumps  1 2 .  

A  r e l a t i v e l y   s m a l l   d i a m e t e r   b o r e   46  e x t e n d s   f r o m  

t h e   o u t l e t   end  4 4  o f  t h e   b o r e   38  t o   t h e   end  o f  t h e  

b a r r e l   36  to   e m e r g e   w i t h i n   t h e   cam  s h a f t   h o u s i n g   2 6 .  

A  c y l i n d r i c a l   c a m  f o l l o w e r  4 8   i s   r e c e i v e d  w i t h i n   t h e   b o r e  

46  and   i s   o f   s u c h   a  l e n g t h   s o  a s   to   e x t e n d  i n t o   t h e   b o r e  

3 8 .  



A  p i s t o n   50  is   r e c e i v e d   w i t h i n   t h e   b o r e   38 

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

s t u b   s h a f t   54  in  a b u t m e n t   w i t h   t h e   end  of  t h e   cam  f o l -  

l o w e r   48  r e m o t e   f rom  t h e   cam  30.  A  c i r c u l a r   c l i p   56 

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

p e r i p h e r a l   g r o o v e s   in  t he   s t u b   s h a f t   54  and  t h e   cam 
f o l l o w e r   48  to   u n i t e   t he   two.   E x t e n d i n g   l o n g i t u d i n a l l y  

t h r o u g h   t h e   p i s t o n   50  i s   a  l i q u i d   p a s s a g e w a y   d e f i n e d   b y  

a  f i r s t ,   l a r g e   b o r e   60  and  a  s e c o n d ,   s l i g h t l y   s m a l l e r  

b o r e   62  in  a x i a l   a l i g n m e n t   w i t h   e a c h   o t h e r .   As  s e e n  

in  F i g s .   2  and  3,  a  s e r i e s   of  s m a l l   b o r e s   64  e x t e n d   f r o m  

t h e   b o r e   62  a b o u t   t h e   s t u b   s h a f t   54  and  cam  f o l l o w e r   58 

to  open   to   t h e   o u t l e t   end  of  t h e   b o r e   3 8 .  

The  d i f f e r e n c e   in  d i a m e t e r   b e t w e e n   t h e   b o r e s  

.60  and  62  d e f i n e s   a  s m a l l   s h o u l d e r   66  w i t h i n   t h e   f l u i d  

p a s s a g e w a y   f o r   p u r p o s e s   to  be  s e e n .  

A  f i r s t   c h e c k   v a l v e   70  i s   d i s p o s e d   w i t h i n   t h e  

b o r e   38  a t   t h e   i n l e t   end  t h e r e o f   and  i n c l u d e s   a  v a l v e  

d i s c   72  n o r m a l l y   u r g e d   by  a  s p r i n g   74  a g a i n s t   a  v a l v e  

s e a t   76.  A  s t a m p e d   m e t a l   web  77  r e s t r a i n s   t he   s p r i n g  

74  and  t he   web  77  i s   p r o v i d e d   w i t h   a  s e r i e s   of  o p e n i n g s  

78.  As  can  be  a p p r e c i a t e d ,   t he   c h e c k   v a l v e   70  i s   o p e r a -  
t i v e   to   a l l o w   l i q u i d   to   f l o w   f rom  t h e   i n l e t   42  i n t o   t h e  

b o r e   36  b u t   p r e c l u d e s   r e v e r s e   f l o w .  

A  s t r u c t u r a l l y   s i m i l a r ,   b u t   s m a l l e r   c h e c k   v a l v e  

80  i s   d i s p o s e d   w i t h i n   t he   l i q u i d   p a s s a g e   w i t h i n   the   p i s -  

t on   50  in  a b u t m e n t   w i t h   t he   s h o u l d e r   66.  The  c h e c k   v a l v e  

80  w i l l   n o t   be  d e s c r i b e d   in  d e t a i l   in  t h e   i n t e r e s t   o f  

b r e v i t y   b u t   i t   s h o u l d   be  n o t e d   t h a t   t h e   same  is  o p e r a t i v e  

to  a l l o w   l i q u i d   to  f low  f rom  t h e   i n l e t   end  of  t he   b o r e   36  

to  t h e   o u t l e t   end  44  and  p r e c l u d e   r e v e r s e   f l o w ,   f l u i d  

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

f i n e d   by  t he   b o r e s   6 0 , 6 2   and  64  in  t h e   p i s t o n   50.  I t  

s h o u l d   be  a l s o   n o t e d   t h a t   t he   f l o w   a r e a   of  t h e   c h e c k  

v a l v e   70  is  c o n s i d e r a b l y   g r e a t e r   t h a n   t h a t   of  t h e   c h e c k  

v a l v e   80  and  in  a  p r e f e r r e d   e m b o d i m e n t ,   w i l l   be  on  t h e  



o r d e r   of  a t   l e a s t   t w i c e  a s   l a r g e .  

I t   s h o u l d   be  f u r t h e r   n o t e d   t h a t   t h e   m i n i m u m  

f l o w   a r e a   d o w n s t r e a m   of   t h e   v a l v e   80  b e  e q u a l   t o   o r  

g r e a t e r   t h a n   t h e   min imum  f l o w  a r e a   t h r o u g h   t h e   v a l v e  

80.   Thus   t h e   sum  o f  t h e   c r o s s - s e c t i o n a l   a r e a s   o f  

t h e   b o r e s   64  s h o u l d   e q u a l   o r  e x c e e d   t h e   s m a l l e s t  

f l o w   a r e a   t h r o u g h   t h e   v a l v e  8 0 .  

A  c o m p r e s s i o n   s p r i n g   8 2  i s   l o c a t e d   w i t h i n   t h e  

b o r e   60  in  t h e   p i s t o n   5 0  a n d   u r g e s   t h e   c h e c k   v a l v e  

80  a g a i n s t   t h e   s h o u l d e r   66  in  s u b s t a n t i a l l y   s e a l e d  

r e l a t i o n   t h e r e t o .   The  s p r i n g   82  a l s o   b i a s e s  t h e   c h e c k  

v a l v e   70  t o w a r d   t h e   i n l e t   42.  F i n a l l y ,   t h e   s p r i n g   82  

p r o v i d e s   a  r e t u r n   b i a s i n g   f o r c e   to   t h e   p i s t o n   50  v i a  

t h e   c h e c k   v a l v e   80  to  u r g e   t h e   same  u p w a r d l y  w i t h i n  

t h e   b o r e   38  as  s e e n   in   F i g .   2  so  t h a t   t h e  c a m  f o l l o w e r  

48  w i l l   r i d e   a g a i n s t   t h e  c a m   s u r f a c e   32  of   t h e   cam  3 0 .  

O p e r a t i o n   i s   as  f o l l o w s .   B e c a u s e   t h e   c a m  

s u r f a c e   32  i s   a  l o b e d   s y m m e t r i c a l   s u r f a c e ,  t h e   c a m  

s h a f t   24  may  be  r o t a t e d   i n  e i t h e r   d i r e c t i o n   and  y e t  
e f f e c t   o p e r a t i o n .   In  t h e   c o n f i g u r a t i o n   i l l u s t r a t e d  

in  F i g .   2  t h e   cam  f o l l o w e r   48  i s   a t   i t s   maximum  l i f t  

p o s i t i o n   by  r e a s o n   of  t h e   a n g u l a r   p o s i t i o n   o f  t h e   c a m  
30.   As  t h e   c a m  r o t a t e s  f r o m   t h e   p o s i t i o n   i l l u s t r a t e d  

i n   F i g .   2,  t h e   s p r i n g   82  w i l l   u r g e   t h e   p i s t o n   50  u p -  
w a r d l y   w i t h i n  t h e   b o r e   38.  At  t h i s   t i m e ,   t h e   c h e c k  

v a l v e   80  w i l l   be  c l o s e d   s o  l i q u i d   w i t h i n   t h e   o u t l e t  

end   o f   t h e   b o r e   38  w i l l   be  d i r e c t e d  o u t   of  t h e   o u t l e t  
44  as  t h e   p i s t o n   50  a s c e n d s .  

At  t h e   same  t i m e ,   t h e   v o l u m e   w i t h i n   t h e   b o r e  
38  and  b e l o w   t h e   c h e c k   v a l v e   80  w i l l   i n c r e a s e   s o  t h a t  

l i q u i d   may  f l o w   i n t o   t h e   l o w e r   e n d  o f   t h e   b o r e   38 

t h r o u g h   t h e   c h e c k   v a l v e   70  f rom  t h e   i n l e t   4 2 .  

W h e n  t h e   cam  has   r o t a t e d   255°   f rom  t h e   p o s i -  
t i o n   s h o w n ,   i t   w i l l   b e g i n   to  d r i v e  t h e   f o l l o w e r   4 8  d o w n -  

w a r d l y   to   d r i v e   t h e   p i s t o n   d o w n w a r d l y   w i t h   t h e   b o r e   3 8 .  



At  t h i s   t i m e   t he   c h e c k   v a l v e   70  w i l l   c l o s e   and  t h e  

l i q u i d   w i t h i n   t he   l o w e r   end  of  t he   b o r e   38  w i l l   c a u s e  

t he   c h e c k   v a l v e   80  to  open   so  t h a t   t h e   l i q u i d   may  f l o w  

t h r o u g h   t h e   f l u i d   p a s s a g e s   60,  62,  64  w i t h i n   t he   p i s t o n  

50  to   t h e   o u t l e t   end  of  t he   b o r e   38.  Such  w i l l   o c c u r  

u n t i l   t h e   cam  30  has   r e t u r n e d   to  t he   p o s i t i o n   i l l u s -  

t r a t e d   in  F i g .   2 .  

The  c o n s t r u c t i o n   m a x i m i z e s   v o l u m e t r i c   e f f i -  

c i e n c y   as  f o l l o w s .   The  cam  p r o f i l e   d e s c r i b e d   d r i v e s  

t h e   p i s t o n   50  to  maximum  d i s p l a c e m e n t   and  p e r m i t s   i t  

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

d i a m e t e r   of  t he   cam  f o l l o w e r   48,  cam  s t r e s s   l e v e l ,   a n d  

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

s u r f a c e   32  g e n e r a t e s   maximum  vacuum  in  t h e   f i l l   c h a m b e r  

d e f i n e d   by  t h e   l o w e r   end  of  t he   b o r e   38,  and  t h u s   i n  

t h e   i n l e t   42,  to   d raw  in  f u e l   f o r   t h e   s u b s e q u e n t  

s t r o k e .   The  f o l l o w i n g   p e r i o d   of  d w e l l   p r o v i d e d   b y  

t he   s u r f a c e   34  a l l o w s   e v e n   more  t i m e   f o r   f l u i d   f l o w  

to  t he   b o r e   38  f rom  t he   i n l e t .   In  o t h e r   w o r d s ,   p u m p i n g  

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

t he   t i m e   a v a i l a b l e   f o r   f i l l i n g .   T h i s   in  t u r n   r e s u l t s  

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

42  and  t h e   o u t l e t   44.  Lower   f u e l   v e l o c i t y ,   in  t u r n ,  

m i n i m i z e s   t h e   e f f e c t   of  i n e r t i a   on  the   m o v i n g   c o l u m n  

of  f u e l   in  t h e   l i n e s   due  to  s t o p p i n g   and  s t a r t i n g .  

At  t h e   same  t i m e ,   t he   l o n g   p e r i o d   of  t i m e   in  e v e r y  

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

c a v i t a t i o n   p r o b l e m s .   The  m i n i m i z a t i o n   of  b o t h   i n e r t i a  

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

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

may  be  some  60  p e r c e n t   o v e r  t h a t   o b t a i n a b l e   in  c o n v e n -  

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

t he   f a c t   t h a t   t he   f l o w   p a t h   t h r o u g h   t he   c h e c k   v a l v e   70 

is   c o n s i d e r a b l y   g r e a t e r   t h a n   t h a t   of  t h e   c h e c k   v a l v e  

80.  The  l a r g e   s i z e   of  t he   i n l e t   f l o w   p a t h   f u r t h e r  

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



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

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

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

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

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

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

of   t h e   f l o w   p a t h  f r o m  t h e   i n l e t   t o  t h e  o u t l e t   t h e r e b y  

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

s t r u c t i o n   t h a t   c an   be  e c o n o m i c a l l y   f a b r i c a t e d .  

A  pump  made  a c c o r d i n g   t o  t h e   i n v e n t i o n   i s  

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

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

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

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

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

by  d o u b l e   a c t i n g   p i s t o n   pumps  i s - r e q u i r e d .  



1.  A  s i n g l e   a c t i n g   p i s t o n   pump  c o m p r i s i n g   a  p u m p  

b a r r e l   (36)   h a v i n g   a  b o r e   ( 3 8 ) ,   an  i n l e t   (42)   a t   o n e  

end  and  an  o u t l e t   (44)   a t   t he   o t h e r   end;   a  p i s t o n   ( 5 0 )  

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

p a s s a g e   ( 60 ,   62,  64)  t h e r e t h r o u g h   and  a  s h o u l d e r   ( 6 6 )  

t h e r e w i t h i n ;   means   (30 ,   48)  f o r   r e c i p r o c a t i n g   t h e   p i s t o n  

(50)   w i t h i n   t h e   b o r e   and  i n c l u d i n g   a  r o t a t a b l e   c am 

(30)   h a v i n g   an  i d l e   s u r f a c e   (34)   of  a t   l e a s t   100  d e g r e e s ;  

a  f i r s t   c h e c k   v a l v e   (70)   in   t h e   b a r r e l   i n l e t   (42)   f o r  

a l l o w i n g   l i q u i d   f l o w   i n t o   t h e   b o r e   (38)   and  p r e v e n t i n g  

r e v e r s e   f l o w ;   a  s e c o n d   c h e c k   v a l v e   (80)   c o n n e c t e d   to  t h e  

p i s t o n   (50)   w i t h i n   t h e   f l o w   p a s s a g e ( 6 0 , 6 2 , 6 4 )   f o r   a l l o w i n g  

l i q u i d   f l o w   f rom  t h e   b o r e   (38)   to  t h e   o u t l e t   (44)   a n d  

p r e v e n t i n g   r e v e r s e   f l o w ;   and  s p r i n g   means   (82)   f o r  

u r g i n g   t h e   s e c o n d   c h e c k   v a l v e   (80)   a g a i n s t   t h e   s h o u l d e r  

(66)   and  t o w a r d s   t he   cam  ( 3 0 ) .  

2.  A  pump  a c c o r d i n g   to   c l a i m   1  w h e r e i n   t h e   f i r s t   c h e c k  

v a l v e   (70)   has   a  f l o w   p a s s a g e   a r e a   c o n s i d e r a b l y   l a r g e r  

t h a n   t h a t   of   t h e   s e c o n d   c h e c k   v a l v e   ( 8 0 ) .  

3.  A  pump  a c c o r d i n g   to  c l a i m   1  or  c l a i m   2,  w h e r e i n  

t h e   f l o w . p a s s a g e   ( 6 0 , 6 2 , 6 4 )   has   an  a r e a   a t   l e a s t   e q u a l  

to  t h a t   of  s a i d   s e c o n d   c h e c k   v a l v e .  

4.  A  pump  a c c o r d i n g   to   any  of  c l a i m s   1  to  3,  w h e r e i n  

t h e   means   ( 3 0 , 4 8 )   f o r   r e c i p r o c a t i n g   t h e   p i s t o n   ( 5 0 )  

w i t h i n   t h e   b o r e   (38)   i n c l u d e s   a  cam  f o l l o w e r   ( 4 8 )  

c e n t r a l l y   s e c u r e d   to  t he   p i s t o n   ( 5 0 ) .  



5.  A  pump  a c c o r d i n g   t o   c l a i m   4,  w h e r e i n  t h e   f l o w  

p a s s a g e   ( 6 4 )   d i r e c t s   f l o w   to  t h e   o u t l e t  ( 4 4 )  a r o u n d  

t h e   cam  f o l l o w e r .  

6.  A  pump  a c c o r d i n g   to   a n y  o f   c l a i m s   1  to   5,  w h e r e i n  

t h e   s e c o n d   c h e c k  v a l v e   ( 8 0 )  i s   c a r r i e d  b y   t h e   p i s t o n   ( 5 0 ) .  

7.  A  s i n g l e   a c t i n g   p i s t o n   pump  c o m p r i s i n g   a  p u m p  
b a r r e l   ( 3 6 )   h a v i n g   a  b o r e   ( 3 8 ) ,   an  i n l e t   ( 42 )   a t   one  e n d  

a n d   an  o u t l e t   ( 4 4 )   a t   t h e   o t h e r   end ;   a  p i s t o n   ( 5 0 )  

r e c i p r o c a l l y   r e c e i v e d   i n   t h e   b o r e   ( 3 8 ) ;  m e a n s   ( 3 8 , 4 0 )  

f o r   r e c i p r o c a t i n g   t h e   p i s t o n  ( 5 0 )   w i t h i n   t h e   b o r e s   ( 3 8 ) ;  

a  f i r s t   c h e c k   v a l v e   (70 )   i n  t h e   b a r r e l   i n l e t   f o r  

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

f l o w ;   a  s e c o n d  c h e c k   v a l v e   (80)   c o n n e c t e d  t o   t h e   p i s t o n  

( 5 0 )   a n d   a r r a n g e d   t o   a l l o w   f l u i d   f l o w   f rom  t h e  b o r e   ( 3 8 )  

to   t h e   o u t l e t   ( 4 4 ) ,   t h e   f i r s t   c h e c k   v a l v e  h a v i n g   a  

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

c h e c k   v a l v e   ( 8 0 ) .  

8.  A  pump  a c c o r d i n g  t o   c l a i m   7  w h e r e i n   t h e   r e c i p r o c a t -  

i n g   m e a n s   ( 3 0 ,   48)  i n c l u d e s  a   r o t a t a b l e   cam  s h a f t   ( 2 4 )  

and   cam  ( 3 0 )   m o u n t e d   on  t h e  s h a f t   and   h a v i n g   an  i d l e  

s u r f a c e   ( 3 4 )   and   a  p u m p i n g  s u r f a c e   ( 3 2 ) ,   h a v i n g   t w o  

s i d e s ,   t h e   i d l e   s u r f a c e   (24)   b e i n g   of   g r e a t e r   a n g u l a r  

l e n g t h   t h a n   e i t h e r   s i d e   o f  t h e   p u m p i n g   s u r f a c e   ( 3 2 ) .  
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