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(54)  Safety  check  valve  for  unit  fuel  pump  injector. 

In  a  fuel  injector  including  an  injector  housing  (10) 
having  spray  orifices  (70),  a  valve  seat  (68)  within  the  body 
(10)  and  closely  adjacent  the  spray  orifices  (70),  a  valve  (66) 
movable  within  the  body  (10)  between  positions  seated 
against  the  seat  (68)  and  spaced  from  the  seat  (68),  means 
(80)  within  the  body  (10)  biasing  the  valve  (66)  towards  the 
position  against  the  seat  (68),  means  (22)  for  receiving  fuel  at 
a first pressure,  means  (12)  for  increasing  the  pressure  of the 
fuel  to  a  second  pressure  higher  than  the  first  pressure, 
means  (46,  60,  58,  62)  for  delivering  the fuel  at  the  second 
pressure  to  the  valve  (66),  means  (74)  responsive  to  the 
receipt  of  fuel  at  the  second  pressure  for  moving  the  valve 
(66)  from  the  position  against  the  seat  (68)  to  the  position 
spaced  from  the  seat  (68),  the  improvement  including  means 
(50,  54)  for  limiting  the  delivery  of  fuel  at  the  first  pressure 
from  the  receiving  means  (22)  to  the  valve  (66)  and  for 
limiting  the  flow  of  fuel  from  the  valve  (66)  to  the  receiving 
means  (22), 



T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  a  f u e l   i n j e c t i o n  

a p p a r a t u s   and  p a r t i c u l a r l y   to  u n i t   t y p e   f u e l   p u m p -  

i n j e c t o r s   f o r   d i e s e l   and  o t h e r   e n g i n e s .  

B a c k g r o u n d   A r t  

Many  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 ,   p a r t i c u -  

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

an  a p p a r a t u s   to   i n j e c t   a  p r e d e t e r m i n e d   a m o u n t   of  f u e l  

i n t o   t h e   e n g i n e   c o m b u s t i o n   c h a m b e r   a t   t he   p r o p e r  
t i m e   in  t h e   o p e r a t i n g   c y c l e .  

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

i s   a  u n i t   f u e l ' p u m p - i n j e c t o r   w h i c h   p e r f o r m s   t h e   d u a l  

f u n c t i o n s   of  i n j e c t i n g   f u e l   i n t o   t h e   e n g i n e   c o m b u s -  

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

i n j e c t e d .  

v  T y p i c a l l y ,   t he   f u e l   i n j e c t o r   h o u s i n g   c o n t a i n s  

a  c y l i n d r i c a l   b o r e   in  w h i c h   a  p l u n g e r   is  r e c i p r o c a b l e .  

C l a m p e d   to  t h e   l o w e r   end  of  t h e   h o u s i n g   i s   a  s p a c e r  
b l o c k   w h i c h   d e f i n e s   a  pump  c y l i n d e r   f o r   t h e   p l u n g e r .  

T h i s   s p a c e r   b l o c k   c o n t a i n s   an  a n n u l a r   g r o o v e   c o n n e c t e d  

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

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

of  t h e   f u e l   i n j e c t o r .  

In  t h e   u s u a l   c a s e ,   low  p r e s s u r e   f u e l   i s  

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

or  i n j e c t i o n   s t r o k e   of  t he   p l u n g e r ,   t h i s   f u e l   i s   f o r c e d  

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

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

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

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

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



t h e   p l u n g e r   c y l i n d e r   to   t h e   e n g i n e   c o m b u s t i o n   s p a c e .  
When  p r e s s u r e   on  t h e   f u e l   in   t h e   i n j e c t o r   t i p   f u e l  
c h a m b e r   i s   r e l i e v e d ,   t h e   n e e d l e   v a l v e   i s   r e t u r n e d   t o  

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

The  u p p e r   s u r f a c e   of  t h e   s p a c e r   b l o c k   d e f i n i n g  

t he   p l u n g e r   c y l i n d e r ( c h a m b e r ) u s u a l l y   i n c l u d e s   a  c h e c k   v a l v e  

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

t h e   n e e d l e   v a l v e   f a i l s   to   c l o s e   o r - c l o s e s   t o o   s l o w l y .  
T h i s   c h e c k   v a l v e   i s   n e c e s s a r y   s i n c e   p r o p e r  

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

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

c y c l e .   C o m b u s t i o n   gas   in  t h e   pump  c y l i n d e r   w i l l   d e -  

l ay   and  r e d u c e   t h e   a m o u n t ,   or   c o m p l e t e l y   p r e v e n t   t h e  

i n j e c t i o n   of   f u e l   d u r i n g   t h e   s u c c e e d i n g   i n j e c t i o n  

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

b u s t i o n   s p a c e   b e f o r e   f u e l   may  be  i n j e c t e d .  

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

t a b l e   p o w e r   l o s s   a n d / o r   e n g i n e   f a i l u r e   may  r e s u l t .  

D u r i n g   e n g i n e   o p e r a t i o n ,   i t   s o m e t i m e s   h a p -  

pens   t h a t   t h e   n e e d l e   v a l v e   b e c o m e s   s t u c k   in   t h e   o p e n  

p o s i t i o n   or   t h e   i n j e c t o r   t i p   b e c o m e s   d a m a g e d   o r  

b r o k e n   o f f   e n t i r e l y .  

In  t h e   t y p i c a l   s y s t e m ,   t h e r e   i s   no  way  t o  

p r e v e n t   low  p r e s s u r e   f u e l   f rom  l e a k i n g   f rom  t h e  

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

o c c u r s .   C o n s e q u e n t l y ,   low  p r e s s u r e   f u e l   w i l l   be  a l -  

lowed   to   f l o w   f rom  t h e   p l u n g e r   c y l i n d e r   i n t o   t h e   c o m -  

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

the   p l u n g e r   c y c l e .  

T h i s   c o n s t a n t   f u e l   f l o w   w i l l   have   s e r i o u s l y  

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

f o r m a n c e   s i n c e   i t   w i l l   r e s u l t   in  f u e l   w a s t e ,   e x c e s -  

s i v e   l o c a l i z e d   e n g i n e   h e a t i n g ,   and  e x c e s s i v e   h y d r o -  

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



D i s c l o s u r e   of   I n v e n t i o n  

In   one  a s p e c t   of  t he   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   means   to   r e s i l i e n t l y  u r g e   t h e   c h e c k   v a l v e  

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

s u f f i c i e n t   f o r c e   to   l i m i t  t h e   f l o w   of  low  p r e s s u r e  
f u e l   f r o m   t h e   p l u n g e r   c y l i n d e r   to  t h e   i n j e c t o r   t i p .  

The  c h e c k   v a l v e   w i l l   t h u s   p r o v i d e   the   d u a l  

f u n c t i o n s   o f   l i m i t i n g   b o t h   c o m b u s t i o n   gas   f rom  e n t e r -  

i ng   t h e   p l u n g e r   c h a m b e r   and  low  p r e s s u r e   f u e l   f r o m  

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

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

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

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g  

F i g .   1  i s   an  e n l a r g e d   p a r t i a l   s e c t i o n   of  a  

u n i t   f u e l  p u m p - i n j e c t o r   made  a c c o r d i n g   to   one  e m b o d i -  

ment   o f   t h e   i n v e n t i o n .  

B e s t   Mode  f o r   C a r r y i n g   o u t   t he   I n v e n t i o n  

An  e x e m p l a r y   e m b o d i m e n t   of  a  u n i t   f u e l   p u m p -  

i n j e c t o r   is   i l l u s t r a t e d   in  F i g .   1  and  c o m p r i s e s   a  h o u s -  

ing  10  in  w h i c h   a  p l u n g e r   12  i s  r e c i p r o c a b l e .   T h e  

l o w e r   end  of  t h e   h o u s i n g   10  s u p p o r t s   a  b u s h i n g   14 

w h i c h   f o r m s   a  c y l i n d e r   22  f o r   t h e   p l u n g e r   12.  An 

a n n u l a r   s p a c e   16  s u r r o u n d i n g   t he   b u s h i n g   14  i s   s u p -  

p l i e d   w i t h   low  p r e s s u r e  f u e l   by  a  f u e l   pump  18  ( s h o w n  

s c h e m a t i c a l l y )   v i a   a  f u e l   i n l e t   p o r t   20.  T h i s   l o w  

p r e s s u r e   f u e l   i s   s u b s e q u e n t l y   d e l i v e r e d   to   t he   p l u n g e r  

c y l i n d e r   22  by  two  b u s h i n g   p o r t s   24,  26.  Any  e x c e s s  

f u e l   d e l i v e r e d   to   t h e   i n j e c t o r   by  t h e   f u e l   pump  18  i s  

r e t u r n e d   to   a  f u e l   s y s t e m   t a n k   28  ( shown  s c h e m a t i c a l l y )  

by  an  e x i t   p o r t   3 0 .  

The  p l u n g e r   12  has  t he   u s u a l   b y - p a s s   m e a n s  

i n c l u d i n g   an  e x t e r n a l  g r o o v e   32  or  s o - c a l l e d   " s c r o l l " ,  

by  w h i c h   o p e n i n g   and  c l o s i n g   of  t he   p o r t s   24,  26  i n  



t h e   b u s h i n g   14  i s   c o n t r o l l e d ,   a n d   c o n n e c t i n g   a x i a l  

and  t r a n s v e r s e   p a s s a g e s   34,  36  f o r   b y - p a s s i n g   f u e l  

f r o m   t h e  p l u n g e r  c y l i n d e r   22  t o   t h e   a n n u l a r  f u e l   s p a c e  
16  when  t h e   g r o o v e  3 2   i s   i n   r e g i s t r y   w i t h   one  o r  t h e  

o t h e r   of  t h e   p o r t s   2 4 , 2 6 .  

T h u s ,   d u r i n g   e a c h   d o w n w a r d   o r  i n j e c t i o n  

s t r o k e   of   t h e   p l u n g e r   12  f r o m   i t s   p o s i t i o n   s h o w n ,  f u e l  
i s   i n i t i a l l y   b y - p a s s e d   to   t h e   a n n u l a r  s p a c e  1 6   f r o m  

t h e   p l u n g e r   c y l i n d e r   2 2  t h r o u g h  t h e   p l u n g e r   12,  b u t  

a f t e r   t h e   g r o o v e   32  h a s  m o v e d   o u t   o f  r e g i s t r y   w i t h   t h e  

u p p e r   p o r t   24  and   t h e  l o w e r   p o r t   26  i s   c l o s e d   by  t h e  

p l u n g e r   12,   f u e l   i s   d i s p l a c e d   u n d e r   h i g h   p r e s s u r e  

t h r o u g h   an  o p e n i n g   38  in  t h e   l o w e r   e n d  o f   t h e   b u s h i n g  
14  u n t i l   t h e   g r o o v e   32  moves   i n t o  r e g i s t r y   w i t h  t h e  

l o w e r   p o r t   26  t o  a g a i n   b y - p a s s   f u e l   and  e n d  i n j e c t i o n .  

O t h e r   d e t a i l s   of   t h e   u p p e r   or   pump  p a r t   o f  

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

a r e   common  to   t h e   c o n s t r u c t i o n s   shown  and  d e s c r i b e d  

in  s u c h   U n i t e d   S t a t e s   p a t e n t s   as   E n g e l ,   J r .  

2 , 9 5 1 , 6 4 3 ,   i s s u e d   S e p t e m b e r   6,  1960  and  P e i c h e r t  

2 , 8 9 8 , 0 5 1 ,   i s s u e d   A u g u s t   4,  1 9 5 9 ,   h e n c e   w i l l   n o t   r e -  

q u i r e   f u r t h e r   d e s c r i p t i o n  h e r e .  

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

10  b y  t h e  b u s h i n g   14,  a r e   t h e   r e m a i n d e r   of  t h e   e l e -  

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

s p r a y   t i p   40,   a  s p r i n g   c h a m b e r   4 2 ' a n d  a   s p a c e r   b l o c k  

44.   The  s p a c e r   b l o c k   44  has   an  a n n u l a r  c a v i t y   46  

f a c i n g   t h e   l o w e r  o p e n i n g   3 8 . o f   b u s h i n g   1 4 ,  a n d  p r o -  

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

i t y   46  i s   a  p r o t u b e r a n c e   48  w h i c h  f o r m s   a  s t o p   f o r   a  

c i r c u l a r   f l a t   d i s c   c h e c k   v a l v e  5 0 .   The  p r o t u b e r a n c e  

48  i n c l u d e s   a  c i r c u l a r   r e c e s s   52  c o n t a i n i n g   a  s p r i n g  

54  f o r   r e s i l i e n t l y   u r g i n g   t h e   c h e c k   v a l v e   50  t o w a r d  

t h e   o p e n i n g   38  in   t h e  b u s h i n g   14.   The  c h e c k   v a l v e  5 0  

has   a  g r e a t e r   d i a m e t e r  t h a n   t h e   c y l i n d e r  2 2   so  a s  t o  



s e a l   a b o u t   t he   o p e n i n g   38  when  u r g e d   t h e r e a g a i n s t   b y  
t h e   s p r i n g   5 4 .  

The  c a v i t y   46  i s   c o n n e c t e d   to  an  a n n u l a r  

g r o o v e   56  l o c a t e d   in  t h e   l o w e r   f a c e   of  t h e   s p r i n g   r e -  
t a i n e r   42  by  a  p l u r a l i t y   of   p a s s a g e w a y s   5 8 , 6 0 .   A  p l u -  

r a l i t y   of   i n c l i n e d   p a s s a g e s   62  c o n n e c t   t h e   a n n u l a r  

g r o o v e   56  and  a  f u e l   c h a m b e r   64  w h i c h   s u r r o u n d s   a  
n e e d l e   v a l v e   66  l o c a t e d   in   t h e   s p r a y   t i p   40.  At  t h e  

l o w e r   end  of  t he   f u e l   c h a m b e r   64  i s   an  o u t l e t   f o r   f u e l  

d e l i v e r y   in  t he   form  of  a  t a p e r e d   s e a t   68  f o r   t h e  

n e e d l e   v a l v e   66,  b e l o w   w h i c h   s e a t   68  a r e   l o c a t e d   a  

p l u r a l i t y   of  s p r a y   o r i f i c e s   7 0 .  

The  u p p e r   end  of   t h e   s p r a y   t i p   40  i s   p r o -  
v i d e d   w i t h   a  b o r e   72  f o r   g u i d i n g   o p e n i n g   and  c l o s i n g  

m o v e m e n t s   of  t he   n e e d l e   v a l v e   6 6 .  A   p i s t o n   p o r t i o n  

74  of   t h e   n e e d l e   v a l v e   66  s l i d a b l y   f i t s   t h i s   b o r e   7 2 ,  

and  h a s   i t s   l o w e r   end  e x p o s e d   to   f u e l   p r e s s u r e   in   t h e  

f u e l   c h a m b e r   64.  A  r e d u c e d   p o r t i o n   75  of  t h e   n e e d l e  

v a l v e   66  u p p e r   end  e x t e n d s   t h r o u g h   an  o p e n i n g   76  a n d  

t h e   l o w e r   p o r t i o n   of  t h e   s p r i n g   c h a m b e r   4 2 ' a n d   a b u t s  

a  s p r i n g   s e a t   78.  C o m p r e s s e d   b e t w e e n   t h i s   s p r i n g   s e a t  

78  and   l o w e r   s u r f a c e   of  t h e   s p a c e r   b l o c k   44  i s   a  c o i l  

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

66  to   i t s   c l o s e d   p o s i t i o n   as  s h o w n .  

I n p u s t r i a l   A p p l i c a b i l i t y  

In  o p e r a t i o n ,   low  p r e s s u r e   f u e l   i s   s u p p l i e d  

by  t h e   f u e l   pump  18  to   t h e   i n t a k e   p o r t   20,  t h e   a n n u -  

l a r   s p a c e   16,  t he   b u s h i n g   p o r t s   2 4 , 2 6   and  t h e   p l u n g -  

er   c h a m b e r ( c y l i n d e r )   22.  T h i s   f u e l   i s   a t   a  r e l a t i v e l y   l o w  

p r e s s u r e   ( a p p r o x i m a t e l y   80  p s i )   and  i s   r e t a i n e d   in  t h e  

p l u n g e r   c h a m b e r   by  t h e   c h e c k   v a l v e   50  and  t h e   c h e c k  

v a l v e   s p r i n g   54  w h i c h   i s   s u i t a b l y   s e l e c t e d   to  i n s u r e  

s u c h   r e t e n t i o n .  

When  i t   i s   d e s i r e d   to   i n j e c t   f u e l   i n t o   t h e  

c o m b u s t i o n   s p a c e ,   t h e   p l u n g e r   12  b e g i n s   a  d o w n w a r d  



or   i n j e c t i o n   s t r o k e   w h i c h   d i r e c t s   f u e l   a t   a  much  h i g h -  

e r   p r e s s u r e   a g a i n s t   t h e   c h e c k   v a l v e   50  w h i c h   o p e n s  
a g a i n s t   t h e   b i a s   of   t h e   s p r i n g   54.  F u e l   f l o w s   p a s t  
t h e   c h e c k   v a l v e   50 ,   t h r o u g h   t h e   p a s s a g e s   60,   58 ,   6 2  

and  to   t h e   f u e l   c h a m b e r   64.  T h i s   f u e l   t h e n   a c t s   u p o n  
t h e   p i s t o n   p o r t i o n   74  of  t he   n e e d l e   v a l v e   66  a n d  

r a i s e s   t h e   n e e d l e   v a l v e   66  away  f r o m   t h e   v a l v e   s e a t  

68.  T.le  s p r a y   t i p   o r i f i c e s   70  a r e   t h e n   p l a c e d   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   t h e   f u e l   c h a m b e r   64  and   f u e l  

i s   i n j e c t e d   i n t o   t h e   e n g i n e   c o m b u s t i o n   s p a c e   ( n o t  

s h o w n ) .  

When  t h e   g r o o v e   32  r e g i s t e r s   w i t h   t h e   b u s h -   : 

i ng   p o r t   26,   p r e s s u r e   on  t h e   f u e l   in   t h e   t i p   40  i s  

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

f o r c e   p r o v i d e d   by  t h e   f u e l   in  t h e   f u e l   c h a m b e r   64  t o  

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

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

S i m u l t a n e o u s l y ,   p r e s s u r e   on  t h e   f u e l   l o -  

c a t e d   in  t h e   p l u n g e r   c h a m b e r   22  i s   r e l i e v e d   t h u s  

a l l o w i n g   t h e   c h e c k   v a l v e   s p r i n g   54  to   f o r c e   t h e   c h e c k  

v a l v e   50  a g a i n s t   t h e   l o w e r   s u r f a c e   of   t h e   b u s h i n g   14  

to  s e a l   t h e r e a g a i n s t   and  h a l t   f u e l   f l o w   f rom  t h e  

c h a m b e r   2 2 .  

In  t h e   e v e n t   t h a t   t h e   n e e d l e   v a l v e   66  b e -  

comes   s t u c k   in   t h e   open   p o s i t i o n   or   t h e   i n j e c t o r ( s p r a y )   t i p  

40  b e c o m e s   d a m a g e d ,   f u e l   w i l l   n o t   be  a l l o w e d   to   e s -  

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

a  d o w n w a r d   or  i n j e c t i o n   s t r o k e   of   t h e   p l u n g e r   1 2 ,  

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

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

f u n c t i o n   of  p r e v e n t i n g   c o m b u s t i o n   gas   f rom  e n t e r i n g  

t h e   f u e l   s u p p l y ,   t h e   u n i q u e   c o n s t r u c t i o n   of  t h e   c h e c k  

v a l v e / c h e c k   v a l v e   s p r i n g   u n i t   50,   54  l i m i t s   any  u n -  

d e s i r e d   f l o w   of  f u e l   to   t he   i n j e c t o r   t i p .  

O t h e r   a s p e c t s ,   o b j e c t s   and  a d v a n t a g e s   o f  

t h i s   i n v e n t i o n   may  be  o b t a i n e d   f rom  a  s t u d y   of  t h e  



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



1.  A  f u e l   i n j e c t o r   c o m p r i s i n g :  

an  i n j e c t o r   h o u s i n g   (body)   (10)  i n c l u d i n g  s p r a y  

o r i f i c e s   ( 7 0 ) ;  

a  v a l v e   s e a t   ( 6 8 )  w i t h i n  s a i d  b o d y   (10)  c l o s e -  

l y  a d j a c e n t  s a i d  s p r a y   o r i f i c e s   ( 7 0 ) ;  

a  v a l v e   ( 6 6 )  m o v a b l e   w i t h i n   s a i d   body   ( 1 0 )  

b e t w e e n   p o s i t i o n s   s e a t e d  a g a i n s t   s a i d   s e a t   ( 6 8 )  a n d  

s p a c e d   f r o m   s a i d   s e a t   ( 6 8 ) ;  

m e a n s   ( 8 0 )  w i t h i n   s a i d  b o d y  ( 1 0 )  f o r  b i a s i n g  
s a i d   v a l v e   (66)  t o w a r d s  s a i d   p o s i t i o n   a g a i n s t  s a i d  s e a t  

( 6 8 ) ;  

m e a n s   (22)  w i t h i n   s a i d   b o d y   (10)  f o r  r e c e i v -  

i n g   f u e l   a t   a  f i r s t  p r e s s u r e ;  

m e a n s   (12)  f o r  i n c r e a s i n g   t h e  p r e s s u r e   o f  

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

p r e s s u r e ;  

m e a n s   ( 4 6 , 6 0 , 5 8 , 6 2 )   f o r   d e l i v e r i n g  s a i d  

f u e l   a t   s a i d   s e c o n d  p r e s s u r e   t o  s a i d  v a l v e   ( 6 6 ) ;  

m e a n s   (74)   r e s p o n s i v e   t o  t h e   r e c e i p t  o f   f u e l  

a t   s a i d   s e c o n d  g r e s s u r e  f o r  m o v i n g   s a i d   v a l v e   ( 6 6 )  

f r o m   s a i d   p o s i t i o n  a g a i n s t   s a i d   s e a t  ( 6 8 )  t o   s a i d  p o -  

s i t i o n   s p a c e d   f r o m   s a i d   s e a t   ( 6 8 ) ;  a n d  

m e a n s   ( 5 0 , 5 4 )   f o r   l i m i t i n g  t h e   d e l i v e r y  o f  

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

(22)  t o   s a i d   v a l v e   ( 6 6 ) ,   f o r  l i m i t i n g   f l o w   f rom  s a i d  

v a l v e   (66)  to   s a i d   r e c e i v i n g   m e a n s   ( 2 2 ) ,   and  f o r   p e r -  

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

s a i d   v a l v e   ( 6 6 ) .  

2.  A  f u e l   i n j e c t o r   c o m p r i s i n g :  

a n  i n j e c t o r  h o u s i n g   (10)  i n c l u d i n g   s p r a y  

o r i f i c e s   ( 7 0 ) ;  

a  v a l v e   s e a t   (68)  w i t h i n   s a i d   b o d y   ( 1 0 )  

c l o s e l y   a d j a c e n t   s a i d   s p r a y   o r i f i c e s   ( 7 0 ) ;  



a  v a l v e   (66)  m o v a b l e   w i t h i n   s a i d   body  ( 1 0 )  

b e t w e e n   p o s i t i o n   s e a t e d   a g a i n s t   s a i d   s e a t   ( 6 8 )  a n d  

s p a c e d   f rom  s a i d   s e a t   ( 6 8 ) ;  

means   (80)  w i t h i n   s a i d   body   (10)  f o r   b i a s i n g  

s a i d   v a l v e   (66)  t o w a r d s   s a i d   p o s i t i o n   a g a i n s t   s a i d  

s e a t   ( 6 8 ) ;  

means   (22)  w i t h i n   s a i d   body   (10)  f o r   r e c e i -  

v i n g   f u e l   a t   a  f i r s t   p r e s s u r e ;  

means   (12)  f o r   i n c r e a s i n g   t h e   p r e s s u r e   o f  

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

p r e s s u r e ;  

means   ( 4 6 , 6 0 , 5 8 , 6 2 )   f o r   d e l i v e r i n g   s a i d  

f u e l   a t   s a i d   s e c o n d   p r e s s u r e   to   s a i d   v a l v e   ( 6 6 ) ;  

means   (74)  r e s p o n s i v e   to  t h e   r e c e i p t   of  f u e l  

a t   s a i d   s e c o n d   p r e s s u r e   f o r   m o v i n g   s a i d   v a l v e   ( 6 6 )  

f rom  s a i d   p o s i t i o n   a g a i n s t   s a i d   s e a t   (68)  to  s a i d   p o -  
s i t i o n   s p a c e d   ' f rom  s a i d   s e a t   ( 6 8 ) ;  

a  c h e c k   v a l v e   (50)  l o c a t e d   w i t h i n   s a i d   d e -  

l i v e r y   means   (46 ,   60,  58,  6 2 ) ;   a n d  

means   (54)  b i a s i n g   s a i d   c h e c k   v a l v e   ( 5 0 )  

a g a i n s t   s a i d   r e c e i v i n g   means   (22)  a t   a  f o r c e   s u f -  

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

p r e s s u r e   f rom  s a i d   r e c e i v i n g   means   (22)  to  s a i d   v a l v e  

(66)  w h i l e   p e r m i t t i n g   f u e l   at   s a i d   s e c o n d   p r e s s u r e   t o  

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

3.  The  f u e l   i n j e c t o r   of  c l a i m   2  w h e r e i n  

s a i d  c h e c k   v a l v e   (50)  i s   a  f l a t ,   r e l a t i v e l y   t h i n ,   d i s c  

a b u t t i n g   s a i d   r e c e i v i n g   means   ( 2 2 ) .  

4.  The  f u e l .  i n j e c t o r   of  c l a i m   2  w h e r e i n  

s a i d   b i a s i n g   means   (54)  i s   a  s p r i n g .  

5.  A  f u e l   i n j e c t o r   c o m p r i s i n g :  

an  i n j e c t o r   h o u s i n g   (10)  i n c l u d i n g   s p r a y  

o r i f i c e s   ( 7 0 )  ;  



a  v a l v e   s e a t  ( 6 8 )   w i t h i n  s a i d  b o d y  ( 1 0 )  

c l o s e l y   a d j a c e n t  s a i d   s p r a y   o r i f i c e s  ( 7 0 ) ;  

a  v a l v e  ( 6 6 )   m o v a b l e   w i t h i n   s a i d   body   ( 1 0 )  

b e t w e e n   p o s i t i o n   s e a t e d   a g a i n s t   s a i d  s e a t  ( 6 8 )   a n d  

s p a c e d   f r o m  s a i d   s e a t   ( 6 8 ) ;  

means   ( 8 0 )  w i t h i n  s a i d   b o d y   (10)  f o r   b i a s i n g  

s a i d   v a l v e   (66)  t o w a r d s   s a i d   p o s i t i o n   a g a i n s t   s a i d  

s e a t   ( 6 8 )   ;  

means   ( 2 2 )  w i t h i n   s a i d   b o d y  ( 1 0 )  f o r  r e -  

c e i v i n g   f u e l  a t   a  f i r s t  p r e s s u r e ;  

m e a n s  ( 1 2 )   f o r   i n c r e a s i n g   t h e  p r e s s u r e   o f  

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

p r e s s u r e ;  

means   ( 4 6 ,   6 0 ,  5 8 ,   62)  f o r   d e l i v e r i n g   s a i d  

f u e l  a t  s a i d  s e c o n d   p r e s s u r e  t o   s a i d  v a l v e   ( 6 6 ) ;  

m e a n s  ( 7 4 )  r e s p o n s i v e  t o  t h e   r e c e i p t   o f  f u e l  

a t   s a i d   s e c o n d   p r e s s u r e   f o r   m o v i n g   s a i d   v a l v e  ( 6 6 )  
f r o m   s a i d  p o s i t i o n   a g a i n s t  s a i d  s e a t  ( 6 8 )  t o  s a i d  p o -  

s i t i o n   s p a c e d   f r o m   s a i d  s e a t   ( 6 8 ) ;  

a  f l a t ,  r e l a t i v e l y  t h i n ,   d i s c - s h a p e d   c h e c k  

v a l v e   ( 5 0 ) ;   a n d  

m e a n s   (54)  f o r  b i a s i n g  s a i d  c h e c k  v a l v e   ( 5 0 )  

a g a i n s t   s a i d   r e c e i v i n g   m e a n s  ( 2 2 )  w i t h   s u f f i c i e n t  

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

f r o m   s a i d   r e c e i v i n g   means   ( 2 2 )  t o  s a i d  v a l v e  ( 6 6 )  

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

t h e r e t o .  
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