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©  The  mechanically  governed  fuel  injection  pumping  el- 
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(1,  2),  and  a  barrel  (15)  incorporating  a  gallery  (7)  which  inter- 
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a  dual  injection  when  the  assembly  is  reciprocated  by  a 
common  drive  component  (17),  thereby  providing  a  more 
gradual  rate  of  injection.  In  a  preferred  embodiment,  the  two 
stages  (1,  2)  are  proportioned  such  as  to  dictate  the  quantity 
ratio  between  the  two  injections,  and  the  interval  of  time  sep- 
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The  i n v e n t i o n   r e l a t e s   to  a  t w o - s t a g e   p u m p i n g   e l e m e n t  
f o r   a  f u e l   i n j e c t i o n   pump,  in  which   f low  r a t e   of  t h e  
f u e l   is  g o v e r n e d   m e c h a n i c a l l y .  

The  a r t   f i e l d   in  q u e s t i o n   e m b r a c e s   two  t y p e s   of  f u e l  
)5  s y s t e m   f o r   the   D i e s e l   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 d i r e c t   i n j e c t i o n   and  d i r e c t   i n j e c t i o n .  

In  the   f i r s t   s y s t e m ,   the   r e q u i s i t e   q u a n t i t y   of  f u e l  
is  i n j e c t e d   i n t o   a  p r e - c o m b u s t i o n   c h a m b e r   w h i c h   c o m -  
m u n i c a t e s   w i t h   t he   c y l i n d e r ,   b e f o r e   p a s s i n g   i n t o   t h e  

0  c o m b u s t i o n   c h a m b e r   p r o p e r .   Th i s   is  a  t e c h n i q u e   p e r -  
m i t t i n g   of  r e l a t i v e l y   low  i n j e c t i o n   v e l o c i t y ,   and  o f  
c o m b u s t i o n   w h e r e b y   p r o p a g a t i o n   can  be  c o n t r o l l e d   i n  
such   a  way  t h a t   the   e n g i n e   r u n s   more  q u i e t l y   and  i s  
s u b j e c t   to  l e s s   of  t he   m e c h a n i c a l   s t r e s s e s   t y p i c a l  

5  of  d e t o n a t i o n .  

In  the   d i r e c t   i n j e c t i o n   s y s t e m ,   the   r e q u i s i t e   a m o u n t  
of  f u e l   is  i n j e c t e d   i n t o   the   c o m b u s t i o n   c h a m b e r   d i -  
r e c t ,   and  at  h i g h   v e l o c i t y ,   a  c o n d i t i o n   n e c e s s a r y   i n  
p a r t i c u l a r   where   h i g h   p e r f o r m a n c e   is  to  be  o b t a i n e d  

0  in  t e r m s   of  o u t p u t .   T h i s   s i g n i f i e s   t h a t   i g n i t i o n   i s  
b r o u g h t   a b o u t   in  a  s h o r t e r   i n t e r v a l   of  t ime   t h a n   i s  
the   c a s e   w i t h   i n d i r e c t   i n j e c t i o n ,   s i n c e   one  f i r i n g  
wave  o n l y   is  p r o p a g a t e d ,   and  a l l   the   f u e l   is   b u r n e d  
at  o n c e .   In  e f f e c t ,   d e t o n a t i o n   o c c u r s ,   w i t h   the   r e -  

5  s u i t   t h a t   the   e n g i n e   is  more  n o i s y ,   and  is  s u b j e c t e d  
to  g r e a t e r   m e c h a n i c a l   s t r e s s e s   t han   t h o s e   u n d e r g o n e  
by  an  e n g i n e   in  wh ich   i n j e c t i o n   is  i n d i r e c t .  
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D i r e c t   i n j e c t i o n   o f f e r s   the   a d v a n t a g e ,   h o w e v e r ,   o f  

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

d i r e c t   i n j e c t i o n .  

The  d r a w b a c k   w i t h   pumps  of  c o n v e n t i o n a l   i n j e c t i o n  

05  s y s t e m s ,   d i r e c t   i n j e c t i o n   e s p e c i a l l y ,   is  t h a t   o n e  

has  a  r e l a t i v e l y   g r e a t   vo lume   of  f u e l   i n j e c t e d   i n t o  

the  c o m b u s t i o n   c h a m b e r ,   the   f low  of  wh ich   c a n n o t   b e  

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

in  the   h a z a r d   of  d e t o n a t i o n .  

10  A c c o r d i n g l y ,   the   o b j e c t   of  the   i n v e n t i o n   d i s c l o s e d  

is  t h a t   of  o v e r c o m i n g   the   d r a w b a c k s   m e n t i o n e d   a b o v e .  

A d o p t i n g   a  p u m p i n g   e l e m e n t   as  c h a r a c t e r i z e d   in  t h e  

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

the  p r o b l e m   of  e m b o d y i n g   such  an  e l e m e n t   f o r   a  f u e l  

15  i n j e c t i o n   pump  w i t h   m e c h a n i c a l   g o v e r n o r   in  wh ich   t h e  

f a c i l i t y   e x i s t s   of  i n j e c t i n g   each  d i s c r e t e   q u a n t i t y  

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

at  the   o p t i m u m   r a t e   f o r   the   g i v e n   c o m b u s t i o n   s y s t e m .  

Such  an  o b j e c t   is  r e a l i z e d   by  s p l i t t i n g   the   i n j e c t -  

20  ion  s e q u e n c e   i n t o   two  s t a g e s ,   in  the   f i r s t   of  w h i c h  

a  s m a l l   a m o u n t   of  f u e l   is  i n j e c t e d ,   s u f f i c i e n t   t o  

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

er  of  t he   o v e r a l l   q u a n t i t y   of  f u e l   is  t h e n   i n j e c t e d  

g r a d u a l l y ,   m e t e r e d   in  such   a  way  t h a t   any  v i o l e n t  

25  p r o p a g a t i o n   of  the   f i r i n g   w a v e f r o n t   is  a v o i d e d ,   a n d  

d e t o n a t i o n   d u l y   p r e v e n t e d .   In  a  p r e f e r r e d   e m b o d i m -  

e n t ,   the   f i r s t   i n j e c t i o n   s t a g e   is  p r o d u c e d   w i t h   a 

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

which   e n a b l e   u l t r a - p r e c i s e   m e t e r i n g   of  a  m i n i s c u l e  

30  q u a n t i t y   of  f u e l .  



3 

0 2 1 0 9 5 7  

One  of  t he   a d v a n t a g e s   p r o v i d e d   by  the   i n v e n t i o n   c o n -  

s i s t s   e s s e n t i a l l y   in  the   f a c t   of  o b t a i n i n g   low  c o s t  

and  h i g h   d e p e n d a b i l i t y ,   t y p i c a l   of  m e c h a n i c a l   pump 

e q u i p m e n t ,   at   one  and  the   same  t i m e .   T h i s   is  made  

05  p o s s i b l e   by  v i r t u e   of  the   t w o - s t a g e   d e s i g n   of  t h e  

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

the   r e q u i s i t e   d i s c r e t e   q u a n t i t y   of  f u e l   to  a c t   as  a  

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

a  g i v e n   i n t e r v a l   of  t i m e .   The  f u n c t i o n   of  the   p i l o t  

10  j e t   is  t h a t   of  p r o v i d i n g   an  a c t i v a t i n g   c o m p o n e n t   t o  

p r o m o t e   more  g r a d u a l   c o m b u s t i o n   of  the   q u a n t i t y   o f  

f u e l   r e q u i r e d   to  p r o d u c e   s p e c i f i e d   o u t p u t .  

A n o t h e r   a d v a n t a g e   of  the   i n v e n t i o n   is  t h a t   i t   g i v e s  

the   f a c i l i t y   of  m e t e r i n g   any  g i v e n   p r o p o r t i o n   b e -  

15  tween   f l o w   r e q u i r e d   to  p r o d u c e   a  p i l o t   j e t   and  f l o w  

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

f u e l .   Such  a  f e a t u r e   is   y e t   e a s i e r   to  i n c o r p o r a t e ,  

at  no  g r e a t   e x p e n s e ,   w i t h   the   p i s t o n   of  the   p u m p i n g  

e l e m e n t   s p l i t   i n t o   two  s e c t i o n s ;   in  such   an  e m b o d i m -  

20  e n t ,   one  has  o n l y   to  m o d i f y   the   c o m b i n a t i o n   of  t h e  

p i s t o n ' s   c o m p o n e n t   p a r t s   to  p r o d u c e   p u m p i n g   e l e m e n t s  

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

A  f u r t h e r   a d v a n t a g e   p r o v i d e d   by  a  p u m p i n g   e l e m e n t  

a c c o r d i n g   to  t he   i n v e n t i o n ,   s t e m m i n g   f rom  the   f a c t  

25  t h a t   the   p i s t o n   is   s p l i t   i n t o   two  s e c t i o n s ,   is  t h a t  

of  an  e m b o d i m e n t   in  wh ich   the   two  s e c t i o n s   a re   a b s o -  

l u t e l y   c o a x i a l   and  r e q u i r e   no  s p e c i a l   m a c h i n i n g .   T h e  

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

f a c t   t h a t   the   two  s e c t i o n s   a re   a s s o c i a t e d   in  a  l o o s e  

30  f i t ,   the   f l a t   end  of  the   one  s e c t i o n   b e i n g   b r o u g h t  



nto   c o n t a c t   w i t h   t he   s l i g h t l y - d o m e d   c a l l   end  01  x n e  

>ther   in  such   a  way  t h a t   the   two  a d a p t   r e a d i l y   a n d  

^a l l   i n t o   c o a x i a l   a l i g n m e n t .   Th i s   l o o s e   f i t   b e t w e e n  

:he  two  s e c t i o n s   of  the   p i s t o n   in  no  way  j e o p a r d i z e s  

j p e r a t i o n   of  t he   p u m p i n g   e l e m e n t ,   s i n c e   the   g r e a t e s t  

j f f o r t   r e q u i r e d   of  the   p i s t o n   w i l l   a l w a y s   be  e x e r t e d  

tfhen  i t s   two  c o n f r o n t e d   ends   a re   in  c o n t a c t ,  

rhe  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  d e t a i l ,   by  

*ray  of  e x a m p l e ,   w i t h   the   a id   of  the   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  shows  the   p e r s p e c t i v e   of  a  p u m p i n g   e l e m e n t  

a c c o r d i n g   to  the   i n v e n t i o n ,   in  wh ich   c e r t a i n   p a r t s  

are   c u t   away,   and  c e r t a i n   o m i t t e d ,   b e t t e r   to  r e v e a l  

o t h e r s   ; 

f i g s   2  and  3  a re   a x i a l   e l e v a t i o n s   of  two  a l t e r n a t i v e  

e m b o d i m e n t s   of  the   p i s t o n   u t i l i z e d   in  a  p u m p i n g   e l e -  

ment  a c c o r d i n g   to  the   i n v e n t i o n ,   in  wh ich   c e r t a i n  

p a r t s   a re   cu t   away  b e t t e r   to  r e v e a l   o t h e r s ;  

f i g s   4 . . .   8  a re   a x i a l   s e c t i o n s   which   i l l u s t r a t e   t h e  

s u c c e s s i o n   of  s t e p s   in  the   work  c y c l e   of  a  p u m p i n g  

e l e m e n t   a c c o r d i n g   to  the   i n v e n t i o n ;  

f i g s   9 . . .   12  a re   s c h e m a t i c   r e p r e s e n t a t i o n s   i n d i c a t i v e  

of  t he   b a s i c   p o s i t i o n i n g   o p t i o n s   f o r   two  h e l i c a l  

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

e l e m e n t   a c c o r d i n g   to  the   i n v e n t i o n ,   and  i l l u s t r a t i n g  

the   r e l a t i v e   manne r   in  w h i c h   f low  is  g o v e r n e d .  

With  r e f e r e n c e   to  f i g   1,  a  p u m p i n g   e l e m e n t   f o r   f u e l  

i n j e c t i o n   pumps  w i t h   m e c h a n i c a l   g o v e r n o r   c o n s i s t s   o f  

a  h o u s i n g   14  a c c o m m o d a t i n g   a  b a r r e l   15  i n s i d e   w h i c h  

a  p i s t o n   16  is  r e c i p r o c a t e d   a x i a l l y ,   in  f l u i d - t i g h t  
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c o n u i u g n s ,   oy  a  a r i v e   c o m p o n e n t   s.  /  i m p i n g i n g   on  o n e  

of  i t s   ends,  ( t h e   b o t t o m   end ,   as  i l l u s t r a t e d   in  f i g s  

4 . . . 8 )   . 

An  i n l e t   c h a m b e r   10  is  c r e a t e d   b e t w e e n   the   h o u s i n g  

05  14  and  the   b a r r e l   15,  wh ich   is  s u p p l i e d   w i t h   f u e l   a t  

a  g i v e n   p r e s s u r e   v i a   a  p o r t } 2 5   in  t he   h o u s i n g   1 4 .  

The  b a r r e l   15  is   h e l d   in  p o s i t i o n   w i t h i n   the   h o u s i n g  

by  a  c h e c k   v a l v e   18  the   o u t l e t   of  w h i c h ,   h e r e i n a f t e r  

r e f e r r e d   to  as  the   p r e s s u r e   o u t l e t   8,  c o n n e c t s   w i t h  

10  the  c o m b u s t i o n   c h a m b e r .  

The  b a r r e l   15,  p i s t o n   16  and  c h e c k   v a l v e   18  c o m b i n e  

to  e s t a b l i s h   a  p r e s s u r e   c h a m b e r   3  t h a t   c o n n e c t s   w i t h  

the  p r e s s u r e   o u t l e t   8.  The  c h e c k   v a l v e   18  is  of  t h e  

t ype   h a v i n g   a  b a l l   181  ( s e e   f i g s   1  and  4 . . .   8 ) ,   t h i s  

15  b e i n g   b i a s e d   by  a  s p r i n g   182  i n t o   a  p o s i t i o n   w h i c h  

b l o c k s   t h a t   end  of  the   p r e s s u r e   o u t l e t   8  c o n n e c t i n g  

w i th   the   p r e s s u r e   c h a m b e r   3.  With  such   an  a r r a n g e -  

men t ,   a  r i s e   in  p r e s s u r e   w i t h i n   the   c h a m b e r   3  b e y o n d  

the  s e t t i n g   of  the   b i a s   s p r i n g   182  w i l l   c a u s e   f u e l  

20  o c c u p y i n g   the   c h a m b e r   3  to  e x h a u s t   v i a   the   p r e s s u r e  

o u t l e t   8,  t h e n c e   i n t o   the   c o m b u s t i o n   c h a m b e r   ( n o t  

i l l u s t r a t e d   )  . 

1  d e n o t e s   the   f i r s t   s t a g e   of  the   p i s t o n   16,  w h i c h  

e x h i b i t s   a  p e r i p h e r a l   h e l i c a l   g r o o v e   12  i n t o   w h i c h  
25  one  end  of  an  o r i f i c e   9  e m e r g e s ,   the   r e m a i n i n g   e n d  

of  the  o r i f i c e   e m e r g i n g   i n t o   the   p r e s s u r e   c h a m b e r   3 .  

The  h e l i c a l   g r o o v e   12  c o n n e c t s   i n t e r m i t t e n t l y ,   when  

the  p i s t o n   16  is  r e c i p r o c a t e d ,   w i t h   o r i f i c e s   t h a t  

a re   l o c a t e d   in  the   b a r r e l   15  and  c o n n e c t   w i t h   t h e  
30  i n l e t   c h a m b e r   10.  The  p i s t o n   16  is   r o t a t a b l e   a b o u t  
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i t s   own  a x i s ,   and  is  e n g a g e d   f rom  b e n e a t h   by  m e a n s ,  

d e n o t e d   26,  f o r   g o v e r n i n g   f l o w   r a t e ;   a c c o r d i n g l y ,   b y  

r o t a t i n g   the   p i s t o n   16  and  i t s   h e l i c a l   g r o o v e   1 2 ,  

one  a l t e r s   the   l e n g t h   of  t i m e   pe r   g i v e n   e n g i n e   s p e e d  

05  f o r   w h i c h   the   g r o o v e   12  is   c o n n e c t e d   w i t h   the  i n l e t  

c h a m b e r   10,  t h e r e b y   a d j u s t i n g   the   r a t e   of  f l o w .  

The  b o t t o m   end  of  t he   p i s t o n   16  w i l l   be  s een   ( f i g s   1 

and  4)  to  e x t e n d   a  g i v e n   d i s t a n c e   b e y o n d   the  b a r r e l  

15  and  t h r o u g h   a  c o i l   s p r i n g   27  w h i c h   is  d e s i g n e d   t o  

10  u r g e   the   end  of  the   a s s e m b l y   i n t o   c o n t a c t   w i th   t h e  

d r i v e   c o m p o n e n t   17,  g e n e r a l l y   a  cam  171  (one  to  e a c h  

p i s t o n   1 6 ) ,   and  w i t h   the   g o v e r n o r   26  wh ich   e n g a g e s  

two  p a r a l l e l   f a c e s   of  t he   one  p i s t o n   1 6 ,  

The  h o u s i n g   14  i n c o r p o r a t e s   at   l e a s t   one  m o u n t i n g   28  

15  t h r o u g h   wh ich   a  b o l t   ( n o t   shown)   may  be  i n s e r t e d .  

A c c o r d i n g   to  the   i n v e n t i o n ,   t he   p i s t o n   16  has  a n  

e n l a r g e d   i n t e r m e d i a t e   s e c t i o n   2,  t he   s e c o n d   s t a g e   o f  

the   two  s t a g e   d e s i g n ,   a c c o m m o d a t e d   s l i d a b l y   and  i n  

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

20  s e c t i o n   15a  of  the   b a r r e l   15  w i t h   s i m i l a r l y   e n l a r g e d  

b o r e .   A  c h a m b e r   is  t h u s   f o r m e d   b e t w e e n   the   b a r r e l   15  

and  the   f i r s t   s t a g e   1  of  the   p i s t o n   16,  h e r e i n a f t e r  

r e f e r r e d   to  as  the   s e c o n d   p r e s s u r e   c h a m b e r   4,  f o r   a 

p u r p o s e   t h a t   w i l l   become  a p p a r e n t .  

25  The  s e c o n d   s t a g e   2  of  the   p i s t o n   16  a l s o   e x h i b i t s   a 

h e l i c a l   g r o o v e   13,  wh ich   c o n n e c t s   w i t h   the   s e c o n d  

p r e s s u r e   c h a m b e r   4  by  way  of  a  s e c o n d   o r i f i c e   11  i n  

the   p i s t o n .  

The  b a r r e l   15  i n c o r p o r a t e s   a t   l e a s t   a  f i r s t   and  a  

30  t h i r d   g a l l e r y   5  and  6  d e s i g n e d   to  c o n n e c t   the  i n l e t  
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c h a m b e r   3  and  4,  r e s p e c t i v e l y ,   as  w e l l   as  b e i n g   p r o -  
v i d e d   w i t h   at  l e a s t   one  g a l l e r y   7  i n t e r c o n n e c t i n g  

the  two  p r e s s u r e   c h a m b e r s   3  and  4,  wh ich   e m e r g e s   i n -  
to  the   f i r s t   p r e s s u r e   c h a m b e r   3  a t   the   same  h e i g h t  

as  the   f i r s t   g a l l e r y   5 .  

Fig  2  shows  a  f i r s t   e m b o d i m e n t   of  the   p i s t o n   16,  i n  
which  one  has   two  s e c t i o n s   19  and  20  a s s o c i a t e d   in  a  
l o o s e   f i t .  

rhe  b o t t o m   s e c t i o n   19,  wh ich   in  s u b s t a n t i a l   t e r m s  

r e p r e s e n t s   the   s e c o n d ,   l a r g e r   d i a m e t e r   s t a g e   2  o f  
the  p i s t o n   16,  has   a  f l a t   top   end  d i s p o s e d   n o r m a l   t o  
the  l o n g i t u d i n a l   a x i s   of  t he   b o t t o m   s e c t i o n   19  i t -  

s e l f ,   and  e x h i b i t s   a  c a t c h   21  d i r e c t e d   t o w a r d   t h e  
s e l f - s a m e   l o n g i t u d i n a l   a x i s   and  p o s i t i o n e d   at   r i g h t  
a n g l e s   t h e r e t o .  

12  d e n o t e s   a  s l o t   at  b o t t o m   of  the   top  s e c t i o n   2 0 ,  
j o s i t i o n e d   to  one  s i d e ,   in  w h i c h   the   c a t c h   21  of  t h e  
) o t t om  s e c t i o n   19  is  l o o s e l y   a c c o m m o d a t e d .   The  l o w e r  
;nd  of  the   top  s e c t i o n   20  o f f e r e d   to  the   b o t t o m   s e c -  
: ion  19  e x h i b i t s   a  b a l l   end  of  p a r t i c u l a r l y   g e n t l e  
: u r v a t u r e   wh ich   is  d e s i g n e d   make  c o n t a c t   w i t h   t h e  

: o n f r o n t i n g   f l a t   end  of  the   b o t t o m   s e c t i o n   1 9 .  

i  s t r u c t u r e   such   as  t h i s   is  made  f e a s i b l e   by  v i r t u e  
»f  the  f a c t   t h a t   t he   g r e a t e s t   e f f o r t   r e q u i r e d   of  t h e  
i s t o n   16  w i l l   a l w a y s   be  c o m p r e s s i o n - r e l a t e d   - v i z ,  
i t h   the   top  s e c t i o n   20  d r i v e n   a g a i n s t   the   b o t t o m  
e c t i o n   19;  a c c o r d i n g l y ,   any  m i s a l i g n m e n t   b e t w e e n  
he  two  w i l l   be  c o m p e n s a t e d   by  the   b a l l   end  of  t h e  

op  s e c t i o n   2 0 .  
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rhe  s e c o n d   e m b o d i m e n t   of  the   p i s t o n   16  i l l u s t r a t e d  

In  f i g   3  l i k e w i s e   i n c o r p o r a t e s   two  s e c t i o n s ,   top  19 

and  b o t t o m   20,  l o o s e l y   a s s o c i a t e d .   In  t h i s   i n s t a n c e ,  

the  b o t t o m   s e c t i o n   19,  of  l a r g e r   d i a m e t e r ,   e x h i b i t s  

an  a x i a l   b o r e   23  of  d i a m e t e r   m a r g i n a l l y   g r e a t e r   t h a n  

the  d i a m e t e r   of  t he   top  s e c t i o n   20  i n s e r t e d   t h e r e i n .  

Ihe  f i t   b e t w e e n   the   two  is  a c h i e v e d   u s i n g   a  p in   2 4 ,  

i n s e r t e d   l o o s e l y   in  a  d i a m e t r a l   h o l e   o f f e r e d   by  t h e  

top  s e c t i o n   20,  and  l o c a t e d   t i g h t l y   in  c o r r e s p o n d i n g  

r a d i a l   h o l e s   in  t he   b o t t o m   s e c t i o n   1 9 .  

The  b o t t o m   end  of  the   top  s e c t i o n   20  in  t h i s   e m b o d i -  

ment  l i k e w i s e   e x h i b i t s   a  b a l l   end  of  g e n t l e   c u r v a t -  

u r e ,   w h e r e a s   t he   a x i a l   bo re   23  of  t he   b o t t o m   s e c t i o n  

19  is  s t o p p e d ,   t he   b a s e   of  the   b o r e   b e i n g   e m b o d i e d  

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

a x i s   of  the   b o r e   i t s e l f .  

O p e r a t i o n   of  a  p u m p i n g   e l e m e n t   a c c o r d i n g   to  the  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   t o  

f i g s   4  . . .   8  . 

At  t he   s t a r t   of  the   work  c y c l e ,   t he   p i s t o n   16  w i l l  

be  at   i t s   l o w e r   l i m i t   p o s i t i o n   ( s e e   f i g   4 ) ;   in  t h i s  

s t a t e ,   the   g a l l e r i e s   5,  6  and  7  a re   f u l l y   open ,   a n d  

the   p r e s s u r e   c h a m b e r s   3  and  4  a re   f i l l e d   w i t h   f u e l .  

N e x t ,   one  has  an  i n i t i a l   b u i l d - u p   of  p r e s s u r e   p r o -  

duced   by  the   f i r s t   s t a g e   1  of  the   p i s t o n ,   or  p i l o t  

p r e s s u r e   ( s e e   f i g   5) ,   which   comes  a b o u t   the   m o m e n t  

t h a t   the   p i s t o n ,   u r g e d   u p w a r d s   by  the   cam  17,  b l o c k s  

the   g a l l e r i e s   d e n o t e d   5  and  7.  C o n t i n u i n g   on  s t r o k e ,  

the   f i r s t   s t a g e   1  of  the   p i s t o n   d i s p l a c e s   a  g i v e n  

v o l u m e   of  f u e l   f rom  the   c h a m b e r   d e n o t e d   3  i n t o   t h e  



u u o x e u   o,  ac  nxgn  p r e s s u r e ,   m i s   i n i t i a l   v o l u m e   o f  

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

f i r s t   s t a g e   1  of  the   p i s t o n   16  is  of  s m a l l   d i a m e t e r ,  

and  any  m i n i m a l   d e p a r t u r e   of  the   p i s t o n   f rom  i t s  

p r e s c r i b e d   s t r o k e   w i l l   have   no  s i g n i f i c a n t   e f f e c t   on  

d i s p l a c e m e n t   . 

The  v o l u m e   of  f u e l   d i s p l a c e d   by  the   s e c o n d   s t a g e   2 

d u r i n g   t h i s   p h a s e   w i l l   v e n t   to  the   i n l e t   c h a m b e r   10 

v i a   t he   t h i r d   g a l l e r y   6 .  

P i l o t   p r e s s u r e   t e r m i n a t e s   t he   i n s t a n t   t h a t   t he   o r i -  

f i c e   9  s e r v i n g   the   f i r s t   s t a g e   1  of  t he   p i s t o n   i s  

c o n n e c t e d   w i t h   t he   i n t e r c o n n e c t i n g   g a l l e r y   7  (as   i n  

f i g   6)  . 

Fue l   u n d e r   p r e s s u r e   in  the   f i r s t   p r e s s u r e   c h a m b e r   3 

is  now  v e n t e d   to  t he   s e c o n d   p r e s s u r e   c h a m b e r   4,  i n  

which  p r e s s u r e   is  l o w e r ,   and  from  t h e r e   d r a i n s   t o  

the  i n l e t   c h a m b e r   10  by  way  of  the   t h i r d   g a l l e r y   6 .  

Be tween   t e r m i n a t i o n   of  the   p i l o t   i n j e c t i o n   ( shown  i n  

f i g   6)  and  c o m m e n c e m e n t   of  the   f o l l o w i n g   i n j e c t i o n  

( shown  in  f i g   7 ) ,   the   p i s t o n   16  a c c o m p l i s h e s   a  g i v e n  

t r a v e l   d u r i n g   w h i c h   t h e r e   is  no  d i s p l a c e m e n t   of  f u e l  

t h r o u g h   the   p r e s s u r e   o u t l e t   8.  E n t r y   i n t o   a c t i o n   o f  

the  s e c o n d   s t a g e   2  of  the   p i s t o n ,   or  f u l l   p r e s s u r e ,  

Dccurs   the   moment  t h a t   the   s e c o n d   s t a g e   2  b l o c k s   t h e  

t h i r d   g a l l e r y   6  (as   in  f i g   7) ;   i t   h a p p e n s   in  t h i s  

i n s t a n t ,   t h a t   f u e l   d i s p l a c e d   from  the   f i r s t   p r e s s u r e  
: h a m b e r   3  by  the   f i r s t   s t a g e   1,  and  f u e l   d i s p l a c e d  

ay  the   s e c o n d   s t a g e   2  t o w a r d   the   s e c o n d   p r e s s u r e  
: h a m b e r   4  (by  way  of  the   i n t e r c o n n e c t i n g   g a l l e r y   7 

and  the   s t a g e   one  o r i f i c e   9 ) ,   w i l l   be  e x h a u s t e d   a s  
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ne  t h r o u g h   the   p r e s s u r e   o u t l e t   8 .  

u l l   p r e s s u r e   t e r m i n a t e s   the   moment  t h a t   the   s t a g e -  

wo  o r i f i c e   11  and  the   t h i r d   g a l l e r y   6  a re   c o n n e c t e d  

as  in  f i g   8 ) .   In  t h i s   s i t u a t i o n ,   f u e l   e n t e r i n g   t h e  

i r e s s u r e   c h a m b e r s   3  and  4  is  v e n t e d   to  the   i n l e t  

:hamber   10  at   low  p r e s s u r e   i n t e r r u p t i n g   h i g h   p r e s -  

sure  f l o w   to  t he   o u t l e t   8 .  

?he  s i t u a t i o n   r e m a i n s   the   same  d u r i n g   c o m p l e t i o n   o f  

:he  s t r o k e   w h i c h   b r i n g s   the   p i s t o n   16  to  i t s   u p p e r  

L i m i t ,   w h e r e u p o n   the   r e t u r n   .  s t r o k e   t a k e s   the  p i s t o n  

sack  t o w a r d   the   l o w e r   l i m i t ;   d u r i n g   the   c o u r s e   o f  

the  r e t u r n   s t r o k e ,   the   p r e s s u r e   c h a m b e r s   3  and  4 

n i l l   b e g i n   c h a r g i n g   by  way  of  the   f i r s t   and  t h i r d  

g a l l e r i e s   5  and  6 .  

The  q u a n t i t y   of  f u e l   d i s p l a c e d   by  each   s t a g e   1  and  2 

of  the   p i s t o n   16  d u r i n g   i t s   work  s t r o k e   is  a d j u s t e d  

r o t a t i n g   the   p i s t o n   i t s e l f   by  way  of  the   m e c h a n i c a l  

g o v e r n o r   2 6 .  

Set   f o r m a t s   f o r   v a r i a t i o n   of  f low  can  be  o b t a i n e d   by  

a p p r o p r i a t e   a l t e r a t i o n   of  the   l e a d   a n g l e ,   h a n d ,   a n d  

s h a p e   of  t he   h e l i c a l   g r o o v e s   12  and  13  of  the   f i r s t  

and  s e c o n d   s t a g e s   1  and  2  ( s e e   f i g s   9 . . .   1 2 ) ;   t h e r e  

are   f o u r   b a s i c   o p t i o n s   in  the   c a s e   in  p o i n t .  

In  d e s c r i b i n g   the   d i f f e r e n t   t y p e s   of  a d j u s t m e n t   i n  

d e t a i l ,   use  w i l l   be  made  of  the   e x p r e s s i o n s   " g r o o v e  

l e a d i n g "   w h i c h   s i g n i f i e s   i n i t i a l   a d j u s t m e n t ,   h e n c e  

an  a d j u s t m e n t   of  the   i n j e c t i o n   a d v a n c e ,   and  " g r o o v e  

f o l l o w i n g "   w h i c h   s i g n i f i e s   a  t a i l   end  a d j u s t m e n t ,  

h e n c e   an  a d j u s t m e n t   of  i n j e c t i o n   r e t a r d ;   a l l   a d j u s t -  

men t s   i l l u s t r a t e d   r e p r e s e n t   an  i n c r e a s e   in  f l o w .  
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In  f i g   9,  t he   f i r s t   s t a g e   1  has  i t s   g r o o v e   l e a d i n g ,  

w h e r e a s   t he   s e c o n d   s t a g e   2  has  i t s   g r o o v e   f o l l o w i n g   . 
In  t h i s   i n s t a n c e ,   the   i n t e r v a l   of  t ime   k  b e t w e e n  

p i l o t   p r e s s u r e   and  f u l l   p r e s s u r e   r e m a i n s   c o n s t a n t ;  

a d v a n c e   f l o w   on  p i l o t   i n j e c t i o n   a  i n c r e a s e s   w h i l s t  

r e t a r d   f l o w   r e m a i n s   c o n s t a n t ;   r e t a r d   f l o w   on  f u l l  

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

c o n s t a n t   . 

In  f i g   10,  b o t h   s t a g e s   1  and  2  have   g r o o v e   l e a d i n g :  

the  i n t e r v a l   of  t ime   k  b e t w e e n   p i l o t   p r e s s u r e   a n d  

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

on  b o t h   i n j e c t i o n s ,   r e t a r d   f low  on  b o t h   r e m a i n i n g  

c o n s t a n t   . 

In  f i g   11,  the   f i r s t   s t a g e   1  has  g r o o v e   f o l l o w i n g ,  

w h e r e a s   t he   s e c o n d   s t a g e   2  has  g r o o v e   l e a d i n g :   t h e  

i n t e r v a l   of  t ime   k  b e t w e e n   p i l o t   p r e s s u r e   and  f u l l  

p r e s s u r e   is   s h o r t e n e d ;   r e t a r d   f l ow  on  p i l o t   i n j e c t -  

ion  a  i n c r e a s e s ,   and  a d v a n c e   f low  r e m a i n s   c o n s t a n t ;  

a d v a n c e   f l ow  on  f u l l   i n j e c t i o n   b  i n c r e a s e s   w h i l s t  

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

In  f i g   12,  b o t h   s t a g e s   1  and  2  have   g r o o v e   f o l l o w -  

i ng :   the   i n t e r v a l   of  t ime   k  b e t w e e n   p i l o t   p r e s s u r e  
and  f u l l   p r e s s u r e   is  s h o r t e n e d ;   r e t a r d   f l ow  is   i n -  

c r e a s e d   on  b o t h   i n j e c t i o n s ,   a d v a n c e   f l ow  on  b o t h  

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

\  p u m p i n g   e l e m e n t   f o r   a  f u e l   i n j e c t i o n   pump,  w i t h  

n e c h a n i c a l   g o v e r n o r ,   of  the   t y p e   c o m p r i s i n g :  

-a  h o u s i n g   (14)   a c c o m m o d a t i n g   a  b a r r e l   (15)   i n s i d e  

which  a  p i s t o n   (16)   is  r e c i p r o c a t e d   a x i a l l y   and  i n  

f l u i d - t i g h t   r e l a t i o n s h i p -   by  a  d r i v e   c o m p o n e n t   ( 1 7 )  

i m p i n g i n g   on  one  of  i t s   e n d s ;  

-an  i n l e t   c h a m b e r   (10)   c r e a t e d   b e t w e e n   the   h o u s i n g  

(14)  and  the   b a r r e l   (15)   and  c o n n e c t e d   w i t h   a  s o u r c e  

of  p r e s s u r i z e d   f u e l ;  

-a  p r e s s u r e   c h a m b e r   (3)  e n c o m p a s s e d   by  the   r e m a i n i n g  

end  (1)  of  t he   p i s t o n   (16)   and  the   b a r r e l   ( 1 5 ) ,   c o n -  

n e c t i n g   on  the   one  hand  w i t h   a  p r e s s u r e   o u t l e t   ( 8 ) ,  

by  way  of  a  c h e c k   v a l v e   ( 1 8 ) ,   and  on  the   o t h e r   w i t h  

a  h e l i c a l   g r o o v e   (12)   e x h i b i t e d   by  the   p e r i p h e r y   o f  

the  p i s t o n   ( 1 6 ) ,   by  way  of  an  o r i f i c e   (9)  in  t h e  

p i s t o n   i t s e l f ,   w h e r e i n   the   h e l i c a l   g r o o v e   (12)   c o n -  

n e c t s   i n t e r m i t t e n t l y   w i t h   the   i n l e t   c h a m b e r   ( 1 0 ) ,  

and  t he   p i s t o n   (16)   is  r o t a t a b l e   a b o u t   i t s   own  a x i s  

and  d r i v e n   in  such   r o t a t i o n   by  the   g o v e r n o r ,  

c h a r a c t e r i z e d  

in  t h a t   the   p i s t o n   ( 1 6 ) ,   the   one  end  (1)  of  w h i c h  

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

( 2 ) ,   l o c a t e d   at  an  i n t e r m e d i a t e   p o s i t i o n   a l o n g   i t s  

l e n g t h   and  a c c o m m o d a t e d   s l i d a b l y   and  in  f l u i d - t i g h t  

r e l a t i o n s h i p   by  a  c o r r e s p o n d i n g   s e c t i o n   ( 1 5 a )   of  t h e  
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b a r r e l   ( 1 5 ) ,   wh ich   c o m b i n e s   w i t h   the   f i r s t   s t a g e   ( 1 )  

to  c r e a t e   a  r e s p e c t i v e   s e c o n d   p r e s s u r e   c h a m b e r   ( 4 )  

and  is  p r o v i d e d   w i t h   a  r e s p e c t i v e   p e r i p h e r a l   h e l i c a l  

g r o o v e   (13)   t h a t   c o n n e c t s   w i t h   t he   s e c o n d   p r e s s u r e  

c h a m b e r   by  way  of  an  o r i f i c e   (11)   l o c a t e d   in  t h e  

p i s t o n   (  16  )  ; 

in  t h a t   t h e   b a r r e l   (15)   i n c o r p o r a t e s   a  f i r s t   g a l l e r y  

(5)  c o n n e c t i n g   the   f i r s t   p r e s s u r e   c h a m b e r   (3)  w i t h  

the   i n l e t   c h a m b e r   ( 1 0 ) ,   a  s e c o n d   g a l l e r y   (7)  i n t e r -  

c o n n e c t i n g   the   two  p r e s s u r e   c h a m b e r s   (3,   4 ) ,   and  a 

t h i r d   g a l l e r y   (6)  t h a t   c o n n e c t s   the   s e c o n d   p r e s s u r e  

c h a m b e r   (4)  w i t h   the   i n l e t   c h a m b e r   ( 1 0 ) ,   w h e r e i n   t h e  

f i r s t   and  s e c o n d   g a l l e r i e s   (5 ,   7)  e m e r g e   i n t o   t h e  

f i r s t   p r e s s u r e   c h a m b e r   (3)  a t   t he   same  h e i g h t ,   a n d  

the   f i r s t   and  t h i r d   g a l l e r i e s   (5 ,   6)  emerge   i n t o  

the   r e l a t i v e   f i r s t   and  s e c o n d   p r e s s u r e s   c h a m b e r s   ( 3 ,  

4)  at   p o i n t s   s p a c e d   a p a r t   s u c h   t h a t   t he   p i s t o n   ( 1 6 )  

may  be  s h i f t e d   by  the   d r i v e   c o m p o n e n t   (17)   from  a 

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

(5,  7,  6)  c o n n e c t   d i r e c t l y   w i t h   the   f i r s t   and  s e c o n d  

p r e s s u r e   c h a m b e r s   (3,   4)  and  t he   i n l e t   c h a m b e r   ( 1 0 ) ,  

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

the   f i r s t   g a l l e r y   (5)  is  b l o c k e d   by  the   f i r s t   s t a g e  

(1)  of  the   p i s t o n   and  the   s e c o n d   and  t h i r d   g a l l e r i e s  

(7,   6)  a re   c o n n e c t e d   w i t h   t he   o r i f i c e s   (9,   11)  o f  

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

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

wh ich   the   f i r s t   and  s e c o n d   g a l l e r i e s   (5,  7)  a r e  

b l o c k e d   by  the   f i r s t   s t a g e   (1)  of  the   p i s t o n   s u c h  
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t h a t   p r e s s u r e   in  the   f i r s t   p r e s s u r e   c h a m b e r   (3)  w i l l  

b u i l d   in  e x c e s s   of  the   c h e c k   v a l v e   (18)   s e t t i n g   a n d  

c a u s e   an  i n i t i a l ,   s m a l l   q u a n t i t y   of  f u e l   to  e x h a u s t  

by  way  of  the   p r e s s u r e   o u t l e t   ( 8 ) ,   w h i l e   the   t h i r d  

g a l l e r y   (6)  c o n n e c t s   the   s e c o n d   p r e s s u r e   c h a m b e r   ( 4 )  

w i t h   t he   i n l e t   c h a m b e r   ( 1 0 ) ,   and  a  s e c o n d   i n t e r m e d i -  

a t e   p o s i t i o n   in  which   the   f i r s t   and  t h i r d   g a l l e r i e s  

(5,  6)  a re   b l o c k e d   r e s p e c t i v e l y   by  the   f i r s t   and  t h e  

s e c o n d   s t a g e   (1,  2)  of  t he   p i s t o n ,   and  the   s e c o n d  

g a l l e r y   (7)  c o n n e c t s   w i t h   t he   f i r s t   o r i f i c e   ( 9 ) ,  

such   t h a t   p r e s s u r e   in  the   f i r s t   and  s e c o n d   c h a m b e r s  

(3,   4)  w i l l   b u i l d   in  e x c e s s   of  the   c h e c k   v a l v e   ( 1 8 )  

s e t t i n g   and  c a u s e   a  f u r t h e r   q u a n t i t y   of  f u e l ,   g r e a t -  

er  t h a n   the   i n i t i a l   q u a n t i t y ,   to  e x h a u s t   by  way  o f  

the   p r e s s u r e   o u t l e t   ( 8 ) ;   a n d ,  

in  t h a t   the   f i r s t   s t a g e   (1)  of  the   p i s t o n   (16)   i s  

e m b o d i e d   w i t h   a  s m a l l e r   d i a m e t e r   t h a n   t h a t   of  t h e  

s e c o n d   s t a g e   (2)  in  o r d e r   t h a t   the   i n i t i a l   q u a n t i t y  

of  f u e l   e x h a u s t e d   by  way  of  t he   p r e s s u r e   o u t l e t   ( '8) 

can  be  m e t e r e d   w i t h   g r e a t e r   p r e c i s i o n .  

P u m p i n g   e l e m e n t   as  in  c l a i m   1,  the   p i s t o n   (16)   o f  

w h i c h   c o n s i s t s   in  two  c o a x i a l   s e c t i o n s   (19 ,   20)  o f  

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

a  l o o s e   f i t ,   w h e r e i n   the   s e c t i o n   (20)   of  s m a l l e r  

d i a m e t e r   is  the   e m b o d i m e n t   of  the   f i r s t   s t a g e   (1)  o f  

the   p i s t o n ,   and  the   r e m a i n i n g   s e c t i o n   (19)   of  l a r g e r  

d i a m e t e r   is  the   e m b o d i m e n t   of  the   s e c o n d   s t a g e   ( 2 )  

of  the   s e l f - s a m e   p i s t o n .  
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P u m p i n g   e l e m e n t   as  in  c l a i m   2,  w h e r e i n   t h a t   end  o f  

the   s e c t i o n   (19)   of  the   p i s t o n   (16)   h a v i n g   the   l a r g -  

er  d i a m e t e r   wh ich   is  o f f e r e d   to  the   s e c t i o n   (20)   o f  

the   p i s t o n   (16)   h a v i n g   the   s m a l l e r   d i a m e t e r ,   is  e m -  

b o d i e d   f l a t ,   and  p r o v i d e d   w i t h   a  c a t c h   (21)   d i s p o s e d  

at   r i g h t   a n g l e s   to  the   l o n g i t u d i n a l   a x i s   of  t he   p i s -  

ton  t h a t   e n g a g e s   l o o s e l y   in  a  s l o t   (22)   o f f e r e d   b y  

the   r e l a t i v e   end  of  the   s e c t i o n   (20)   of  s m a l l e r   d i a -  

m e t e r ,   and  w h e r e i n   t he   end  of  the   s e c t i o n   of  s m a l l e r  

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

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

d e s i g n e d   to  make  c o n t a c t   w i t h   the   c o n f r o n t i n g   f l a t  

end  of  the   s e c t i o n   of  l a r g e r   d i a m e t e r .  

P u m p i n g   e l e m e n t   as  in  c l a i m   2,  w h e r e i n   t h a t   end  o f  

the   s e c t i o n   (19)   of  the   p i s t o n   (16)   h a v i n g   the   l a r g -  

er  d i a m e t e r   wh ich   is  o f f e r e d   to  the   s e c t i o n   (20)   o f  

the   p i s t o n   (16)   h a v i n g   the   s m a l l e r   d i a m e t e r ,   i n c o r -  

p o r a t e s   a  s t o p p e d   a x i a l   b o r e   ( 2 3 ) ,   w i t h   a  f l a t   b a s e ,  

t h a t   l o o s e l y   a c c o m m o d a t e s   t he   s e c t i o n   (20)   of  s m a l -  

l e r   d i a m e t e r ,   and  the   two  s e c t i o n s   (19 ,   20)  of  t h e  

p i s t o n   (16)   a re   u n i t e d   by  a  p in   (24)   p a s s i n g   l o o s e l y  

t h r o u g h   the   s e c t i o n   of  s m a l l e r   d i a m e t e r   (20)   and  l o c  

a t e d   t i g h t l y   in  the   s e c t i o n   of  l a r g e r   d i a m e t e r   ( 1 9 ) ;  

and  w h e r e i n   the   end  of  the   s e c t i o n   (20)   of  s m a l l e r  

d i a m e t e r   a c c o m m o d a t e d   by  the   a x i a l   b o r e   e x h i b i t s   a  

b a l l   end  of  g e n t l e   c u r v a t u r e .  

P u m p i n g   e l e m e n t   as  in  c l a i m   1,  w h e r e i n   t he   h e l i c a l  

g r o o v e s   (12 ,   13)  of  the   p i s t o n   (16)   a re   of  s i m i l a r  

hand  . 
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P u m p i n g   e l e m e n t   as  in  c l a i m   1,  w h e r e i n   t he   h e l i c a l  

g r o o v e s   (12 ,   13)  of  t he   p i s t o n   (16)   a re   of  d i s s i m i -  

l a r   h a n d .  

P u m p i n g   e l e m e n t   as  in  c l a i m   5  or  c l a i m   6,  w h e r e i n  

t he   h e l i c a l   g r o o v e s   ( 12 ,   13)  of  the   p i s t o n   (16)   a r e  

i d e n t i c a l   in  s h a p e .  

P u m p i n g   e l e m e n t   as  in  c l a i m   5  or  c l a i m   6,  w h e r e i n  

the   h e l i c a l   g r o o v e s   (12 ,   13)  of  the   p i s t o n   (16)  a r e  

d i s s i m i l a r   in  s h a p e .  

P u m p i n g   e l e m e n t   as  in  c l a i m   7  or  c l a i m   8,  w h e r e i n  

the   h e l i c a l   g r o o v e s   (12 ,   13)  of  the   p i s t o n   (16)   e x -  

h i b i t   i d e n t i c a l   l e a d   a n g l e .  

P u m p i n g   e l e m e n t   as  in  c l a i m   7  or  c l a i m   8,  w h e r e i n  

the   h e l i c a l   g r o o v e s   (12 ,   13)  of  the   p i s t o n   (16)   e x -  

h i b i t   d i s s i m i l a r   l e a d   a n g l e .  
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