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@  Fuel  pump-injector  unit. 

(£7)  Pump-injector  unit  including  a  first  retainer  (68)  for 
sealably  and  removably  retaining  the  pump  cylinder  (32) 
against  the  housing  (18)  and  a  second  retainer  (148)  for 
sealably  and  removably  retaining  an  injector  assembly  (28) 
against  the  first  retainer  (68). 

The  injector  assembly  (28)  may  be  removed  from  the 
first  retainer  (68)  without  altering  the  position  or  arrange- 
ment  of  the  pump  elements  (32,34)  relative  to  the  first 
retainer  (68). 
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T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  f l u i d  

p u m p i n g   and  i n j e c t i n g   a p p a r a t u s   and  more  p a r t i c u l a r l y  
to  u n i t   f u e l   p u m p - i n j e c t o r s   f o r   d e l i v e r i n g   f u e l  

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

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

d i s c l o s e d   in  U S - A - 3 , 0 6 6 , 5 6 6 ,   i t   ha s   been   c o n v e n t i o n a l  

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

i n j e c t o r   and  pump  c o m p o n e n t s .   The  n u t   i s   t h r e a d a b l y  
m a t e d   and  t i g h t e n e d   to  a  h o u s i n g   in  o r d e r   to  r e t a i n  
t he   c o m p o n e n t s   a g a i n s t   s e p a r a t i o n   and  t h e r e b y   j o i n  
t h e   r e s p e c t i v e   a b u t t i n g   h i g h   p r e s s u r e   s e a l i n g   e n d  

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

t y p i c a l   u n i t   f u e l   p u m p - i n j e c t o r   c o n f i g u r a t i o n .  

F i r s t l y ,   a  r e l a t i v e l y   l a r g e   number   of  i n t e r n a l  

c o m p o n e n t s ,   s u c h   as  a  s p r a y   t i p ,   s p r i n g   c a g e ,   s p r i n g  

r e t a i n e r ,   and  f u e l   pump  c y l i n d e r ,   a r e   s t a c k e d   a n d  

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

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

t he   q u a l i t y   of  s u r f a c e   f i n i s h   and  p a r a l l e l i s m   of  e a c h  

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

Even  i f   t he   r e q u i r e d   q u a l i t y   of  s u r f a c e   f i n i s h  

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

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

pump  c y l i n d e r   can  a r i s e   in  a t t e m p t i n g   to  r e a s s e m b l e   a  

u s e d   and  worn  p u m p - i n j e c t o r   t h a t   had  b e e n  
d i s a s s e m b l e d   fo r   c l e a n i n g   or  r e b u i l d i n g .   In  s u c h  

c a s e s ,   t he   n u t   mus t   be  l o o s e n e d   or  r e m o v e d   and  t h e  

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



t i m e s   or  e v e n   r e l a p p e d   a t   t h e i r   end  s u r f a c e s   b e f o r e  
t h e   n u t   can   be  p r o p e r l y   t i g h t e n e d .  

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

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

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

s u r f a c e s   of  t h o s e   p a r t s .   E x c e s s i v e   f u e l   l e a k a g e  
e r o d e s   and  t h e r e b y   i r r e p a r a b l y   d a m a g e s   t h e   s e a l i n g  
end  s u r f a c e s   and  a l s o   h e l p s   to  c a u s e   u n d e s i r a b l y  

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

T h i r d l y ,   t he   e n t i r e   p u m p - i n j e c t o r   m u s t   b e  

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

a s s e m b l y   t h a t   r e q u i r e s   r e p l a c e m e n t   or  c l e a n i n g   s i n c e  

o n l y   t h e   s p r a y   t i p   i s   d i r e c t l y   e x p o s e d   to  t he   s e v e r e  
e n v i r o n m e n t   of   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 .   T h e  

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

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

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

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

n u t .   C o n v e r s e l y ,   t h e   i n j e c t o r   a s s e m b l y   of  t h e  
p u m p - i n j e c t o r   m u s t   be  d i s a s s e m b l e d   even   t h o u g h   i t   m a y  
be  o n l y   t h e   pump  a s s e m b l y   t h a t   r e q u i r e s   s e r v i c i n g .  

F o u r t h l y ,   e v a l u a t i o n   and  q u a l i t y   c o n t r o l   o f  

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

r a t e ,   f u e l   i n t e r n a l   l e a k a g e   r a t e ,   and  i n j e c t o r   v a l v e  

o p e n i n g   p r e s s u r e   of  t h e   p u m p - i n j e c t o r   i s   t i m e  
c o n s u m i n g   s i n c e   t he   e n t i r e   p u m p - i n j e c t o r   m u s t   b e  

c a r e f u l l y   a s s e m b l e d ,   b e n c h   t e s t e d ,   and  t h e n  

c o m p l e t e l y   d i s a s s e m b l e d   in  o r d e r   to  s u b s t i t u t e  
i n j e c t o r   s p r i n g   s h i m s   or  o t h e r   i n t e r n a l   c o m p o n e n t s  
w h i c h   w i l l   b r i n g   t h e   p a r a m e t e r s   w i t h i n   a c c e p t a b l e  
t o l e r a n c e s .  

In  U S - A - 2 , 5 6 0 , 7 9 9 ,   t h e r e   i s   d i s c l o s e d   a  c a p s u l e  
w h i c h   c o n t a i n s   an  i n j e c t i o n   v a l v e   and  n o z z l e   a s s e m b l y  
to  p e r m i t   t h e   a s s e m b l y   to  be  b e n c h   t e s t e d   and  o b s e r v e d  



in  o p e r a t i o n   w i t h o u t   c o n n e c t i n g   i t   to  an  e n g i n e .  
H o w e v e r ,   t h e s e   t e a c h i n g s   have   n e v e r   been   a d a p t e d   o r  

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

p u m p - i n j e c t o r .  
A c c o r d i n g   to  t h e   i n v e n t i o n   a  u n i t   f l u i d  

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

f o r   d e v e l o p i n g   an  i n j e c t i o n   c h a r g e   of  p r e s s u r i z e d  
f l u i d ;   and  an  i n j e c t o r   a s s e m b l y   f o r   i n j e c t i n g   t h e  

c h a r g e   of  f l u i d   t h r o u g h   an  o u t l e t ,   i s   c h a r a c t e r i z e d  
in  t h a t   a  f i r s t   means   is   p r o v i d e d   f o r   r e m o v a b l y  

r e t a i n i n g   t he   pump  c y l i n d e r   a g a i n s t   t he   h o u s i n g ;   a n d  

t h a t   a  s e c o n d   means   is   p r o v i d e d   f o r   r e m o v a b l y  
r e t a i n i n g   t h e   i n j e c t o r   a s s e m b l y   a g a i n s t   t he   f i r s t  

means   so  t h a t   t h e   i n j e c t o r   a s s e m b l y   may  be  r e m o v e d  

f rom  or  a s s e m b l e d   to   t h e   f i r s t   r e t a i n i n g   m e a n s  
w i t h o u t   a l t e r i n g   t h e   p o s i t i o n   or  a r r a n g e m e n t   of  t h e  

pump  a s s e m b l y   r e l a t i v e   to  t h e   f i r s t   r e t a i n i n g   m e a n s .  
The  p r e s e n t   i n v e n t i o n   t h u s   p r o v i d e s   a  : m o d u l a r  

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

s e p a r a t e l y   s c a l e d   c l a m p i n g   t h e   i n t e r n a l   c o m p o n e n t s  
t h e r e b y   f a c i l i t a t i n g   e a s i e r   a s s e m b l i n g   and  s e r v i c i n g  
of  t he   p u m p - i n j e c t o r .   Wi th   f e w e r   i n t e r n a l   p a r t s  

c l a m p e d   b e w e e n   e a c h   j o i n t ,   t h e   p u m p - i n j e c t o r   is   l e s s  

p r o n e   to  h i g h   p r e s s u r e   f l u i d   l e a k a g e   and  h a v i n g   t h e  
p l u n g e r   b i n d  i n   t h e   pump  c y l i n d e r .   A l s o ,   e i t h e r   t h e  

pump  or  i n j e c t o r   a s s e m b l y   can  be  s e r v i c e d   w i t h o u t  

d i s t u r b i n g   t h e   o t h e r   one  r e l a t i v e   to  t h e   f i r s t  
r e t a i n i n g   m e a n s .  

One  e x a m p l e   of  a  u n i t   p u m p - i n j e c t o r   a c c o r d i n g   t o  

t he   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  
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 u r e   1  is  a  d i a g r a m m a t i c   c r o s s - s e c t i o n a l   v i e w  

of  t he   p r e s e n t   i n v e n t i o n   as  i n c o r p o r a t e d   in  a  
c y l i n d e r   head   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 .  

F i g u r e   2  is   a  d i a g r a m m a t i c   e n l a r g e d   p a r t i a l   v i e w  



of  F i g u r e   1  in  t h e   a r e a   of  t h e   i n j e c t o r   a s s e m b l y .  
R e f e r r i n g   to   F i g u r e s   1  a n d   2  w h e r e i n   s i m i l a r  

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

v i e w s ,   t h e   p r e f e r r e d   e m b o d i m e n t   of  a  u n i t   f l u i d  
p u m p - i n j e c t o r   10  i s   shown  a f t e r   i t   h a s   b e e n   a s s e m b l e d  
and  t h e n   s e a t e d   a g a i n s t   an  i n t e r n a l   f r u s t o - c o n i c a l  

s e a t   or  s u r f a c e   12  l o c a t e d   w i t h i n   a  s t e p p e d   b o r e   l 4  
of   a  c y l i n d e r   h e a d   1 6 .  

The  u p p e r   p o r t i o n   of  t h e   p u m p - i n j e c t o r   i s  
c o n v e n t i o n a l   and  c o m p r i s e s   a  h o u s i n g   18  and  a  p u m p  
a s s e m b l y   20.  As  i s   w e l l   known  in  t h e   a r t ,   a  
t w o - p r o n g   c l a m p   22  and  a  b o l t   24  f a s t e n   t h e   h o u s i n g  
18  to   t h e   c y l i n d e r   h e a d   1 6 .  



The  l o w e r   p o r t i o n   of  t he   p u m p - i n j e c t o r   10  i s  

u n c o n v e n t i o n a l   and  c o m p r i s e s   a  f i r s t   means   26  f o r  

r e m o v a b l y   r e t a i n i n g   a  p o r t i o n   of  t he   pump  a s s e m b l y   20 

a g a i n s t   t h e   h o u s i n g   18,   an  i n j e c t o r   a s s e m b l y   28,  and  a  

s e c o n d   m e a n s   30  f o r   r e m o v a b l y   r e t a i n i n g   t he   i n j e c t o r  

a s s e m b l y   28  a g a i n s t   t h e   f i r s t   r e t a i n i n g   m e a n s   26  s o  

t h a t   t h e   i n j e c t o r   a s s e m b l y   28  may  be  r e m o v e d   f rom  o r  

a s s e m b l e d   to   t he   f i r s t   r e t a i n i n g   means   26  w i t h o u t  

r e q u i r i n g   r e m o v a l   of  t h e   f i r s t   r e t a i n i n g   m e a n s   26  o r  

even   a l t e r i n g   the   p o s i t i o n   or  a r r a n g e m e n t   of  t h e   p u m p  

a s s e m b l y   20  r e l a t i v e   to   t h e   f i r s t   r e t a i n i n g   m e a n s   2 6 .  

C o n v e r s e l y   t he   pump  a s s e m b l y   20  may  be  r e m o v e d   f rom  o r  

a s s e m b l e d   to   t he   f i r s t   r e t a i n i n g   means   26  w i t h o u t  

r e q u i r i n g   r e m o v a l   of  t h e   s e c o n d   r e t a i n i n g   m e a n s   30  o r  

e v e n   a l t e r i n g   the   p o s i t i o n   or  a r r a n g e m e n t   of  t h e  

i n j e c t o r   a s s e m b l y   28  r e l a t i v e   to  t h e   f i r s t   r e t a i n i n g  

m e a n s   2 6 .  

The  pump  a s s e m b l y   20  i n c l u d e s   a  pump  c y l i n d e r  

or  b a r r e l  3 2   and  a  p l u n g e r   34.   The  pump  c y l i n d e r   3 2  

has   u p p e r   and  l o w e r   f l u i d   p o r t s   3 6 , 3 8   w h i c h   c o m m u n i c a t e  

w i t h   an  i n t e r n a l   p u m p i n g   c h a m b e r   40.   The  pump  c y l i n d e r  

32  a l s o   i n c l u d e s   a  r e d u c e d - d i a m e t e r   e x t e r n a l   e n d  

p o r t i o n   42  w h i c h   i s   p i l o t e d   i n t o   t h e   h o u s i n g   18  and  i s  

s e a l a b l y   s e a t e d   a g a i n s t   t h e   h o u s i n g   18  a t   a  h o u s i n g  

s h o u l d e r   4 4 .  

The  p l u n g e r   34 ,   h a v i n g   an  i n t e r n a l   t r a n s v e r s e  

c h a n n e l   46  c o m m u n i c a t i n g   w i t h   an  i n t e r n a l   l o n g i t u d i n a l  

c h a n n e l   48  and  a  h e l i c a l   f l u i d - m e t e r i n g   g r o o v e   50 ,   i s  

s l i d a b l y   p o s i t i o n e d   w i t h i n   t he   p u m p i n g   c h a m b e r   40  a n d  

is   r o t a t a b l y   c l a s p e d   by  a  b i f u r c a t e d   f o l l o w e r   52  w h i c h  

i s   r e c i p r o c a b l e   w i t h i n   t h e   h o u s i n g   18.  A  p l u n g e r  

r e t u r n   s p r i n g   54  c o o p e r a t e s   w i t h   a  p i v o t a l   r o c k e r   56,  a  

p u s h   rod   58,   and  an  e n g i n e - d r i v e n   r o t a t a b l e   c a m s h a f t   60  

in  e f f e c t i n g   r e c i p r o c a t i o n   of  f o l l o w e r   52  and  p l u n g e r  

3 4 .  



The  p l u n g e r   34  i s   a l s o   r o t a t a b l e   w i t h i n   t h e   p u m p  
c y l i n d e r   32  and  h a s   e x t e r n a l   s p l i n e s   62  w h i c h  

s l i d a b l y   e n g a g e   a  r o t a t a b l e   p i n i o n   g e a r   64  a n d  

s l i d a b l e   r a c k   66  p o s i t i o n e d   in  t h e   h o u s i n g   1 8 .  
The  f i r s t   r e t a i n i n g   m e a n s   26  i n c l u d e s   a  f i r s t  

e l o n g a t e   s l e e v e - t y p e   n u t   or  r e t a i n e r   68,  and  a  p u m p  
c y l i n d e r   r e t a i n e r   70.   The  f i r s t   n u t   68  has   s t e p p e d  
l a r g e ,   i n t e r m e d i a t e ,   and  s m a l l   d i a m e t e r   b o r e s   72,   7 4 ,  

76,   w h e r e b y   t h e   i n t e r m e d i a t e   and  s m a l l   d i a m e t e r   b o r e s  

74,   76  d e f i n e   a  s h o u l d e r   78.   The  pump  c y l i n d e r   32  i s  

p o s i t i o n e d   in  t h e   l a r g e   d i a m e t e r   b o r e   72  and  t h e   p u m p  
c y l i n d e r   r e t a i n e r   70  i s   p o s i t i o n e r d   w i t h i n   t h e  

i n t e r m e d i a t e   d i a m e t e r   b o r e   74  and  i s   s e a l a b l y   s e a t e d  
b e t w e e n   t h e   pump  c y l i n d e r   32  and  t h e   s h o u l d e r   7 8 .  

The  i n n e r   u p p e r   p o r t i o n   of   t h e   f i r s t   n u t   68  h a s   a  
f i r s t   i n t e r n a l l y - t h r e a d e d   p o r t i o n   80  w h i c h   i s  

t h r e a d a b l y   m a t e d   to   t h e   h o u s i n g   18  and  t h e   f i r s t   n u t  

68  may  be  t i g h t e n e d   a g a i n s t   i t   by_  a  w r e n c h   w h i c h  

e n g a g e s   a  h e x a g o n a l - s h a p e d   e x t e r i o r   s u r f a c e   82  =on  t h e  
f i r s t   n u t   68.   An  a n n u l a r   s e a l   84  i s   p o s i t i o n e d  

b e t w e e n   t h e   f i r s t   t h r e a d e d   p o r t i o n   80  and  h o u s i n g  

18.   Once  t h e   f i r s t   n u t   68  i s   t i g h t e n e d ,   t h e   p u m p  
c y l i n d e r   32  i s   s e a l a b l y   and  r e m o v a b l y   r e t a i n e d  

b e t w e e n   t h e   h o u s i n g   s h o u l d e r   44  and  t h e   pump  c y l i n d e r  
r e t a i n e r   7 0 .  

L o c a t e d   c o n c e n t r i c a l l y   b e t w e e n   t h e   f i r s t   n u t   68  

and  t h e   pump  c y l i n d e r   32  i s   an  a n n u l a r   f l u i d  

r e s e r v o i r   86  w h i c h   c o m m u n i c a t e s   w i t h   u p p e r   and  l o w e r  
f l u i d   p o r t s   36,   38.   The  f i r s t   n u t   68  a l s o   i n c l u d e s  

f l u i d   s u p p l y   and  r e t u r n   p o r t s   88,   90,   w h i c h  

c o m m u n i c a t e   w i t h   t h e   f l u i d   r e s e r v o i r   86  and  a l s o   w i t h  

an  a n n u l a r   s p a c e   92  in  t h e   c y l i n d e r   h e a d   b o r e   1 4  

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

s h o w n ) .   A  p l u r a l i t y   of   a n n u l a r   f l u i d   s e a l s   94  a r e  
e x t e r n a l l y   p o s i t i o n e d   on  t h e   f i r s t   n u t   68  a b o v e   a n d  

b e l o w   t h e   f l u i d   s u p p l y   p o r t s   88 ,   9 0 .  



The  pump  c y l i n d e r   r e t a i n e r   70  i n c l u d e s   a  

c e n t r a l l y - l o c a t e d   f l u i d   d e l i v e r y   o p e n i n g   96,   w h i c h  

c o n n e c t s   t h e   p u m p i n g   c h a m b e r   40  ' a n d   t h e  

i n j e c t o r   a s s e m b l y   28,   and  a  means   98  f o r   r e t u r n i n g  

f l u i d   l e a k a g e   f rom  t h e   s m a l l   d i a m e t e r   b o r e   76  of  t h e  

f i r s t   n u t   68  to  t he   a n n u l a r   f l u i d   r e s e r v o i r   8 6 .  

P r e f e r a b l y ,   t he   f l u i d   l e a k a g e   r e t u r n   m e a n s   98  is   a  

p a s s a g e   a n g u l a r l y   d r i l l e d   in  t he   pump  c y l i n d e r   r e t a i n e r  

7 0 .  

The  i n j e c t o r   a s s e m b l y   28  i s   l o c a t e d   p a r t i a l l y  

in  t h e   s m a l l   d i a m e t e r   b o r e   76  of  t he   f i r s t   nu t   68  a n d  

i n c l u d e s   a  v a l v e   body   100 ,   a  v a l v e   102  p o s i t i o n e d  

w i t h i n   t h e   v a l v e   body   100 ,   a  m e a n s   104  f o r   r e s i l i e n t l y  

b i a s i n g   t he   v a l v e   102 ,   and  a  f o r m e d   c a s e   106  s e a l a b l y  

e n c i r c l i n g   or  e n c a p s u l a t i n g   t he   v a l v e   body   100  and  t h e  

r e s i l i e n t   b i a s i n g   m e a n s   104  and  r e t a i n i n g   them  a g a i n s t  

s e p a r a t i o n .  

The  v a l v e   body   100  i n c l u d e s   a  s p r a y   t i p   1 0 8  

h a v i n g   a  v a l v e   s e a t   110  and  a t   l e a s t   one  o u t l e t   o r  

s p r a y   o r i f i c e   112 ,   a  s p a c e r   b l o c k   or  s p r i n g   c a g e   1 1 4  

s e a l a b l y   a b u t t i n g   t h e   s p r a y ' t i p   1 0 8 ,   and  a  s p r i n g  

r e t a i n e r   116  a b u t t i n g   t he   s p a c e r   b l o c k   114  and  a l s o  

s e a l a b l y   a b u t t i n g   t he   pump  c y l i n d e r   r e t a i n e r   7 0 .  

I n t e r n a l   p o r t i o n s   of  t he   s p r a y   t i p   108 ,   s p a c e r   b l o c k  

114,   and  s p r i n g   r e t a i n e r   116  d e f i n e   a t   l e a s t   one  f l u i d  

c h a r g e   d e l i v e r y   p a s s a g e   118  w h i c h   c o m m u n i c a t e s   b e t w e e n  

the  f l u i d   d e l i v e r y   o p e n i n g   96  of  t h e   pump  c y l i n d e r  

r e t a i n e r   70  and  the   o u t l e t   112  of  t h e   s p r a y   t i p   1 0 8 .  

The  m i d d l e   p o r t i o n   of  t h e   s p r a y   t i p   108  d e f i n e s   a  
c a r d i o i d a l   or  h e a r t - s h a p e d   f l u i d   p r e s s u r e   c h a m b e r   1 2 1  

in  t he   p a s s a g e   1 1 8 .  

The  s p r a y   t i p   108  and  s p a c e r   b l o c k   114  d e f i n e  

a  c e n t r a l l y - d i s p o s e d   l o n g i t u d i n a l   s t e p p e d   b o r e   120  

which   h o u s e s   the   s l i d a b l e   v a l v e   102  and  r e s i l i e n t  

b i a s i n g   means   104.   P r e f e r a b l y ,   t h e   r e s i l i e n t   b i a s i n g  



means   104  i n c l u d e s   a  h e l i c a l   c o m p r e s s i o n   s p r i n g   122  a n d  

o p t i o n a l l y   one  or  more   a n n u l a r   s p r i n g - p r e l o a d   s h i m s  

124 .   The  v a l v e   102  i n c l u d e s   a  c o n i c a l   t i p   p o r t i o n   1 2 6 ,  

a  c y l i n d r i c a l   n e e d l e   p o r t i o n   1 2 8 ,   an  a n n u l a r   c o n v e x  

s u r f a c e   p o r t i o n   130  p o s i t i o n e d   in  t h e   c a r d i o i d   c h a m b e r  

1 2 1 ,   a  r e l a t i v e l y   l a r g e r   d i a m e t e r   g u i d e   p o r t i o n   132 ,   a  

s p r i n g   s e a t   p o r t i o n   134 ,   and  a  s t o p   p o r t i o n   136 .   T h e  

v a l v e   102  i s   m o v a b l e   b e t w e e n   a  f i r s t   p o s i t i o n   a t   w h i c h  

t h e   t i p   p o r t i o n   126  i s   s e a t e d   on  v a l v e   s e a t   1 1 0 ,  

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

c h a r g e   d e l i v e r y   p a s s a g e   118  and  t h e   o u t l e t   112 ,   and  a  

s e c o n d   p o s i t i o n   a t   w h i c h   t h e   t i p   p o r t i o n   126  i s  

u p w a r d l y   s p a c e d   f r o m   the   v a l v e   s e a t   110  t h e r e b y   o p e n i n g  

f l u i d   c o m m u n i c a t i o n .  

The  s p r i n g   r e t a i n e r   116  has   a  c e n t r a l l y  

d i s p o s e d   c a v i t y   138 ,   f a c i n g   t h e   f l u i d   d e l i v e r y   o p e n i n g  

96  of  t h e   pump  c y l i n d e r   r e t a i n e r   70 ,   and  h o u s e s   a  

r e v e r s e - f l o w   c h e c k   v a l v e   140 .   The  c h e c k   v a l v e   140  i n  

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

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

v a l v e   140  i s   s p a c e d   f rom  t h e   o p e n i n g   96  and  a  s e c o n d  

p o s i t i o n   a t   w h i c h   t h e   c h e c k   v a l v e   140  s e a t s   a g a i n s t   t h e  

pump  c y l i n d e r   r e t a i n e r   70  and  b l o c k s   t h e   o p e n i n g   9 6 .  

The  c a s e   106  o f c t h e   i n j e c t o r   a s s e m b l y   28  i s  

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

c o n d u c t i n g   p r o p e r t i e s   and  i s   p r e s s e d   or  c o i n e d   to   t h e  

s h a p e   i l l u s t r a t e d   a r o u n d   t h e   s p r a y   t i p   1 0 8 ,   s p a c e r  

b l o c k   1 1 4 ,   and  s p r i n g   r e t a i n e r   1 1 6 .   The  c a s e   106  i s  

s u b s t a n t i a l l y   t u b u l a r   and  has   a  f r u s t o - c o n i c a l   e n d  

p o r t i o n   142  w h i c h   m a t e s   w i t h   a  f r u s t o - c o n i c a l   e n d  

p o r t i o n   144  of  t h e   s p r a y   t i p   108 .   The  c a s e   106  a n d  

s p a c e r   b l o c k   114  d e f i n e   a  f l u i d   b l e e d - o f f   p a s s a g e   1 4 6  

w h i c h   c o m m u n i c a t e s . w i t h   t he   v a l v e   b o d y   b o r e   120  and  t h e  

f l u i d   l e a k a g e   r e t u r n   means   98  of   t h e   pump  c y l i n d e r  

r e t a i n e r   7 0 .  



The  s e c o n d   r e t a i n i n g   means   30  i n c l u d e s   a  

s e c o n d   s l e e v e - t y p e   nu t   or  r e t a i n e r   148  h a v i n g   a  

s u b s t a n t i a l l y   t u b u l a r   p o r t i o n   150  w i t h   a  l o n g i t u d i n a l l y  

s p l i n e d   e x t e r i o r   s u r f a c e   152  and  a  f r u s t o - c o n i c a l   e n d  

p o r t i o n   154  w h i c h   i s   p o s i t i o n e d   in  c l o s e   p r o x i m i t y   t o  

the   i n t e r i o r l y   d i s p o s e d   c a r d i o i d a l   c h a m b e r   121  of  t h e  

s p r a y   t i p   108  and  w h i c h   s e a t s   a g a i n s t   t he   i n t e r n a l  

f r u s t o - c o n i c a l   s e a t   12  of  the   c y l i n d e r   head   16.   T h e  

f i r s t   n u t   68  h a s   a  s e c o n d   e x t e r n a l l y - t h r e a d e d   p o r t i o n  

156  w h i c h   t h r e a d a b l y   m a t e s   w i t h   t he   t u b u l a r   p o r t i o n   1 5 0  

of  t h e   s e c o n d   n u t  1 4 8 .   An  a n n u l a r   f l u i d   s e a l   158  i s  

p r o v i d e d   a d j a c e n t   t he   s e c o n d   t h r e a d e d   p o r t i o n   156  a n d  

s e c o n d   n u t   148 .   Once  t he   s e c o n d   n u t   148  i s   t i g h t e n e d ,  

the   i n j e c t o r   a s s e m b l y   28  is  s e a l a b l y   and  r e m o v a b l y  

r e t a i n e d   b e t w e e n   t h e   pump  c y l i n d e r   r e t a i n e r   70  and  t h e  

f r u s t o - c o n i c a l   end  p o r t i o n   154  of  t h e   s e c o n d   n u t   1 4 8 .  

The  s a n d w i c h e d   f r u s t o - c o n i c a l   end  p o r t i o n s   1 4 4 , 1 4 2 , 1 5 4  

of  t h e  s p r a y   t i p   108 ,   c a s e   106,   and  s e c o n d   n u t   1 4 8 ,  

r e s p e c t i v e l y ,   h a v e   t h e   same  i n c l u d e d   a n g l e s   S , C , N   a n d  

a r e   s e l e c t e d   f rom  t h e   r a n g e   of  a b o u t   40°  to   8 0 ° ,  

a n d ,   more   p r e f e r a b l y   a r e   a b o u t   5 0 ° .  

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

p o r t i o n s   1 4 4 , 1 4 2 , 1 5 4   in  a s s e m b l e d   c o o p e r a t i o n   w i t h   t h e  

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

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

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

p r e s e l e c t e d   c o m p r e s s i v e - s t r e s s   s t a t e   in  t he   c l o s e  

p r o x i m i t y   r e g i o n   of  t he   s p r a y   t i p   108  d e f i n i n g   t h e  

c a r d i o i d a l   c h a m b e r   121 ,   to  p r e v e n t   t e n s i l e - s t r e s s  

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

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

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

f l u i d   l e a k a g e   c l e a r a n c e   b e t w e e n   t h e   b o r e   120  and  t h e  

s l i d a b l e   v a l v e   g u i d e   p o r t i o n   132  when  t he   s e c o n d   n u t  

148  is  t i g h t e n e d .   M o r e o v e r ,   t he   a n g l e s   S , C ,   and  N  a r e  



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

s u r f a c e   of  t h e   s e c o n d   n u t   148  when  i t   is  t i g h t e n e d .  

W h i l e   t h e   o p e r a t i o n   of  t h e   p r e s e n t   i n v e n t i o n  

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

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

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

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

f u e l ,   i s   s u p p l i e d   u n d e r   r e l a t i v e l y   low  p r e s s u r e   to  t h e .  

a n n u l a r   r e s e r v o i r   86  f r o m   t h e   f u e l   m a n i f o l d   ( n o t  

s h o w n ) ,   t h r o u g h   t h e   a n n u l a r   s p a c e   92  and  f l u i d   s u p p l y  

p o r t   88.  In  t he   p o s i t i o n   s h o w n ,   t h e   v a l v e   102  i s  

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

i t s   s t r o k e   t h e r e b y   u n c o v e r i n g   t h e   l o w e r   p o r t   38  a n d  

a l l o w i n g   f u e l   to  f l o w   f r o m   t h e   a n n u l a r   r e s e r v o i r   9 2  

i n t o   t he   p u m p i n g   c h a m b e r   40  and  f l u i d   c h a r g e   d e l i v e r y  

p a s s a g e   118 .   As  t h e   p l u n g e r   34  d e s c e n d s   u n d e r   t h e  

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

c a m s h a f t   60 ,   p u s h r o d   58 ,   p i v o t a l   r o c k e r   56,   a n d  

r e c i p r o c a b l e   f o l l o w e r   52 ,   t h e   p l u n g e r   34  f i r s t   c o v e r s  

t h e   l o w e r   p o r t   38  and  t h e n   pumps   f u e l   t h r o u g h   i n t e r n a l  

c h a n n e l s   4 6 , 4 8 ,   m e t e r i n g   g r o o v e   50 ,   o u t   t h r o u g h   u p p e r  

p o r t   36 ,   and  b a c k   to   t h e   a n n u l a r   f l u i d   r e s e r v o i r   86  

u n t i l   t he   m e t e r i n g   g r o o v e   50  no  l o n g e r   c o m m u n i c a t e s  

w i t h   t h e   u p p e r   p o r t   36.   As  t he   p l u n g e r   34  c o n t i n u e s  

d e s c e n d i n g   a f t e r   u p p e r   p o r t   36  i s   b l o c k e d ,   t h e   f u e l  

p r e s s u r e   r i s e s   r a p i d l y   in  b o t h   t h e   p u m p i n g   c h a m b e r   4 0  

and  t h e   f l u i d   c h a r g e   d e l i v e r y   p a s s a g e   118  u n t i l   t h e  

h i g h   f u e l   p r e s s u r e   in   c a r d i o i d a l   c h a m b e r   121  a c t i n g   o n  

the   e x p o s e d   a n n u l a r   s u r f a c e   p o r t i o n   130  of  t he   v a l v e  

102  i s   s u f f i c i e n t   to   s l i g h t l y   l i f t   t h e   r e s i l i e n t l y  

b i a s e d   v a l v e   102  o f f   i t s   s e a t   110  t h e r e b y   a d d i t i o n a l l y  

e x p o s i n g   t h e   c o n i c a l   t i p   p o r t i o n   126  of  t h e   v a l v e   1 0 2  

to  h i g h   f u e l   p r e s s u r e   and  c a u s i n g   t h e   v a l v e   102  t o  



f u r t h e r   l i f t   u n t i l   i t s   s t o p   p o r t i o n   136  a b u t s   t h e  

s p r i n g   r e t a i n e r   116 .   When  t h e   v a l v e   102  i s   u n s e a t e d  

f r o m   t h e   v a l v e   s e a t   110 ,   h i g h ,  p r e s s u r e   f u e l   i s   i n j e c t e d  

i n t o   t h e   c o m b u s t i o n   c h a m b e r   ( n o t   shown)   t h r o u g h   t h e  

o u t l e t s   112 .   The  i n j e c t i o n   c o n t i n u e s   u n d e r   t h e  

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

m e t e r i n g   g r o o v e   50  c o m m u n i c a t e s   w i t h   t he   l o w e r   p o r t   3 8  

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

c h a m b e r   40  to   t h e   a n n u l a r   r e s e r v o i r   86  and  r e l i e v i n g  

t he   h i g h   f u e l   p r e s s u r e   w h i c h   t h e n   a l l o w s   the   s p r i n g   1 2 2  

to  s e a t   t h e   v a l v e  1 0 2   and  t e r m i n a t e   f u e l   i n j e c t i o n  

u n t i l   t he   c y c l e   is   r e p e a t e d .  

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

p u m p - i n j e c t o r ,   h a v i n g   one  t h r e a d e d   j o i n t   w h i c h  

r e m o v a b l y   and  s e a l a b l y   c l a m p s   t h e   pump  c y l i n d e r   3 2  

b e t w e e n   t h e   pump  c y l i n d e r   r e t a i n e r   70  and  t he   h o u s i n g  

18  and  a n o t h e r   t h r e a d e d   j o i n t   w h i c h   r e m o v a b l y   a n d  

s e a l a b l y   c l a m p s   t he   i n j e c t o r   a s s e m b l y   28  to   t h e   p u m p  

c y l i n d e r   r e t a i n e r   70 ,   a d v a n t a g e o u s l y   i s   l e s s   p r o n e   t o  

h i g h   p r e s s u r e   f u e l   l e a k a g e   or  t o   h a v i n g   the   p l u n g e r  

b i n d   d u r i n g   a s s e m b l y   s i n c e   f e w e r   p a r t s   a r e   s t a c k e d   a n d  

c l a m p e d   t o g e t h e r .  

The  m o d u l a r   d e s i g n   a l s o   a d v a n t a g e o u s l y   a l l o w s  

m e r e l y   t h e   s e c o n d   n u t   148  to   be  t h r e a d a b l y   u n f a s t e n e d  

f rom  t he   f i r s t   n u t   68  so  t h a t   t h e   i n j e c t o r   a s s e m b l y   28  

can   be  r e m o v e d ,   f o r   e a s i e r   s e r v i c i n g   or  r e p l a c e m e n t ,  

f rom  t h e   s m a l l   d i a m e t e r   b o r e   76  of  t h e   f i r s t   n u t   68  

w i t h o u t   r e q u i r i n g   r e m o v a l   of  t h e   f i r s t   nu t   68  o r  

a l t e r i n g   t h e   p o s i t i o n   or  a r r a n g e m e n t   of  t he   p u m p  

a s s e m b l y   20  r e l a t i v e   to  t h e   f i r s t   n u t   6 8 .  

C o n v e r s e l y ,   t he   h o u s i n g   18  may  be  t h r e a d a b l y  

r e m o v e d   f rom  t he   f i r s t   n u t   68  so  t h a t   t he   pump  a s s e m b l y  

20  can   be  r e m o v e d   f rom  the   l a r g e   d i a m e t e r   b o r e   72  o f  

, t h e   f i r s t   n u t   68  w i t h o u t   r e q u i r i n g   r e m o v a l   of  t h e  



s e c o n d   n u t   148  or  a l t e r i n g   t h e   p o s i t i o n   or  a r r a n g e m e n t  

of  t h e   i n j e c t o r   a s s e m b l y   28  r e l a t i v e   to  t he   f i r s t   n u t  

6 8 .  

The  c o n f i g u r a t i o n   of  t h e   i n j e c t o r   a s s e m b l y   28  

a d v a n t a g e o u s l y   a l l o w s   t h e   s p r a y   t i p   108 ,   s p a c e r   b l o c k  

114 ,   s p r i n g   r e t a i n e r   116,   and  r e s i l i e n t   b i a s i n g   m e a n s  

104  t o   be  c l a m p e d   t o g e t h e r   in  a  t e s t   f i x t u r e   f o r  

t e s t i n g ,   a d j u s t m e n t ,   and  c l o s e   c o n t r o l   of  d e s i r e d  

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

l i f t ,   and  v a l v e   o p e n i n g   f u e l   p r e s s u r e .   A f t e r w a r d s  

t h e s e   p a r t s   a r e   s u b s t a n t i a l l y   e n c a p s u l a t e d   and  r e t a i n e d  

a g a i n s t   s e p a r a t i o n   by  t h e   t a m p e r   p r o o f   c a s e   106 .   T h e  

i n j e c t o r   a s s e m b l y   28  may  t h e n   be  c o d e d   f o r  

i d e n t i f i c a t i o n   of  i t s   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 n d  

s e l e c t i v e l y   i n s t a l l e d   as  a  new  or  r e p l a c e m e n t   p a r t   in   a  

new  or  r e b u i l t   u n i t   f u e l   p u m p - i n j e c t o r .  

The  s a n d w i c h e d   f r u s t o - c o n i c a l   end  p o r t i o n s  

1 5 4 , 1 4 2 , 1 4 4   of   t h e   s e c o n d   n u t   1 4 8 ,  c a s e   106 ,   a n d   s p r a y  

t i p   1 0 8 ,   r e s p e c t i v e l y ,   w h i c h   s e a t   a t   s u r f a c e   12  in  t h e  

b o r e   14  of  t h e   c y l i n d e r   head   16  p r o v i d e   a  t i g h t   s e a l  

a g a i n s t   c a r b o n   f o r m a t i o n   f rom  t h e   c o m b u s t i o n   c h a m b e r  

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

i n j e c t o r   a s s e m b l y   2 8 .  M o r e o v e r ,   t h e   s a n d w i c h e d  

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

t h e   t i g h t e n e d   c l a m p   22  and  c y l i n d e r   h e a d   s e a t   12  c r e a t e  

a  p r e s e l e c t e d   c o m p r e s s i v e   s t r e s s   s t a t e   in  t h e   c l o s e  

p r o x i m i t y   r e g i o n   of  t h e   s p r a y   t i p   108  d e f i n i n g   t h e  

c a r d i o i d a l   c h a m b e r   121  to  p r e v e n t   c r a c k i n g   and  i m p r o v e  

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

of  t h a t   s p r a y   t i p   r e g i o n .  



1.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   ( 1 0 )  

c o m p r i s i n g   a  h o u s i n g   ( 1 8 ) ;   a  pump  a s s e m b l y   ( 2 0 )  

h a v i n g   a  pump  c y l i n d e r   (32)  and  a  p l u n g e r   ( 3 4 )  
t h e r e i n   f o r   d e v e l o p i n g   an  i n j e c t i o n   c h a r g e   o f  

p r e s s u r i z e d   f l u i d ;   and  an  i n j e c t o r   a s s e m b l y   (28)  f o r  

i n j e c t i n g   t h e   c h a r g e   of  f l u i d   t h r o u g h   an  o u t l e t  
( 1 1 2 ) ;   c h a r a c t e r i z e d   in  t h a t   a  f i r s t   means   (26)  i s  

p r o v i d e d   f o r   r e m o v a b l y   r e t a i n i n g   t he   pump  c y l i n d e r  

(32)  a g a i n s t   t h e   h o u s i n g   ( 1 8 ) ;   and  t h a t   a  s e c o n d  
means   (30)  i s   p r o v i d e d   f o r   r e m o v a b l y   r e t a i n i n g   t h e  

i n j e c t o r   a s s e m b l y   (28)  a g a i n s t   t he   f i r s t   means   ( 2 6 )  

so  t h a t   t h e   i n j e c t o r   a s s e m b l y   (28)  may  be  r e m o v e d  
from  or  a s s e m b l e d   to  t he   f i r s t   r e t a i n i n g   means   ( 2 6 )  
w i t h o u t   a l t e r i n g   t he   p o s i t i o n   or  a r r a n g e m e n t   of  t h e  

pump  a s s e m b l y   (20)  r e l a t i v e   to  the   f i r s t   r e t a i n i n g  
means   ( 2 6 ) .  

2.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   a c c o r d i n g   t o  
c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t he   pump  a s s e m b l y   ( 2 0 )  

may  be  r e m o v e d   f rom  or  a s s e m b l e d   to  t h e   f i r s t  

r e t a i n i n g   m e a n s   (26)  w i t h o u t   a l t e r i n g   t he   p o s i t i o n   o r  

a r r a n g e m e n t   of  t h e   i n j e c t o r   a s s e m b l y   (28)  r e l a t i v e   t o  
the   f i r s t   r e t a i n i n g   means   ( 2 6 ) .  

3.  A  u n i t , f l u i d   p u m p - i n j e c t o r   a s s e m b l y   a c c o r d i n g   t o  

c l a i m   1  or  c l a i m   2,  w h e r e i n   t he   f i r s t   r e t a i n i n g   m e a n s  
(26)  i n c l u d e s   a  s l e e v e - t y p e   n u t   ( 6 8 ) ,   h a v i n g   a  

p l u r a l i t y   of  s t e p p e d   b o r e s   (72 ,   74,   76)  d e f i n i n g   a  

s h o u l d e r   (78)  and  a  pump  c y l i n d e r   r e t a i n e r   ( 7 0 )  
p o s i t i o n e d   w i t h i n   one  of  t h e   b o r e s   (74)  and  s e a l e d l y  

s e a t i n g   t h e   s h o u l d e r   ( 7 8 ) .  

4.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   a c c o r d i n g   t o  
c l a i m   3,  w h e r e i n   t h e   pump  c y l i n d e r   (32)  i s   s e a l e d l y  
r e t a i n e d   b e t w e e n   t he   h o u s i n g   (18)  and  t h e   p u m p  

c y l i n d e r   r e t a i n e r   ( 7 0 ) .  
5.  A  u n i t   f l u i d   pump  i n j e c t o r   a s s e m b l y   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 he   pump  c y l i n d e r   r e t a i n e r   ( 7 0 )  

i n c l u d e s   a  f l u i d   d e l i v e r y   o p e n i n g   (96)  p r o v i d i n g  



f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e   pump  c y l i n d e r   ( 3 2 )  
and  t h e   i n j e c t o r   a s s e m b l y   ( 2 8 ) .  

6.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   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   pump  c y l i n d e r   r e t a i n e r   ( 7 0 )  
i n c l u d e s   a  p a s s a g e   (98)  f o r   r e t u r n i n g   f l u i d   l e a k a g e  
f rom  t h e   i n j e c t o r   a s s e m b l y   (28)  to  an  a n n u l a r   f l u i d  

r e s e r v o i r   (86)  s u r r o u n d i n g   t h e   pump  c y l i n d e r   ( 3 2 ) .  
7.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   a c c o r d i n g   t o  

any  of  c l a i m s   3  to   6,  w h e r e i n   t h e   i n j e c t o r   a s s e m b l y  

(28)  i s   s e a l e d l y   r e t a i n e d   b e t w e e n   the   s e c o n d  
r e t a i n i n g   m e a n s   (30)  and  t he   pump  c y l i n d e r   r e t a i n e r  

( 7 0 ) .  

8.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   a c c o r d i n g   t o  

any  of  c l a i m s   1  to   7,  w h e r e i n   t h e   s e c o n d   r e t a i n i n g  

means   (30)  i n c l u d e s   a  s e c o n d   s l e e v e - t y p e   n u t   ( 1 4 8 ) .  

9.  A  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   a c c o r d i n g   t o  

any  of   c l a i m s   1  to  8,  w h e r e i n   t h e   f i r s t   r e t a i n i n g  

means   (26)  i n c l u d e s   a  f i r s t   s c r e w - t h r e a d e d   p o r t i o n  

(80)  s c r e w - t h r e a d a b l y   m a t e d   to  t h e   h o u s i n g   ( 1 8 ) ,   a n d  
t h e   f i r s t   r e t a i n i n g   means   (26)  i n c l u d e s   a  s e c o n d  

s c r e w - t h r e a d e d   p o r t i o n   (156)   s c r e w - t h r e a d a b l y   m a t e d  

to  t h e   s e c o n d   r e t a i n i n g   m e a n s   ( 3 0 ) .  
10.  An  e n c a p s u l a t e d   i n j e c t o r   a s s e m b l y   (28)  a d a p t e d  
f o r   u s e   in  a  u n i t   f l u i d   p u m p - i n j e c t o r   a s s e m b l y   ( 1 0 )  

to  i n j e c t   a  c h a r g e   of  f l u i d ;   s a i d   u n i t   f l u i d  

p u m p - i n j e c t o r   a s s e m b l y   (10)  i n c l u d i n g   a  h o u s i n g   ( 1 8 ) ,  

a  pump  a s s e m b l y   (20)  h a v i n g   a  pump  c y l i n d e r   (32)  a n d  

a  p l u n g e r   (34)  t h e r e i n   f o r   d e v e l o p i n g   an  i n j e c t i o n  
c h a r g e   of  p r e s s u r i z e d   f l u i d ,   f i r s t   means   (26)  f o r  

r e m o v a b l y   r e t a i n i n g   s a i d   pump  c y l i n d e r   (32)  a g a i n s t  
s a i d   h o u s i n g   (18)  w h e r e i n   s a i d   f i r s t   r e t a i n i n g   m e a n s  
(26)  i n c l u d e s   a  s l e e v e - t y p e   n u t   (68)  h a v i n g   a  

p l u r a l i t y   of  s t e p p e d   b o r e s   (72 ,   74 ,   76)  d e f i n i n g   a  
s h o u l d e r   ( 7 8 ) ,   and  a  pump  c y l i n d e r   r e t a i n e r   ( 7 0 )  
h a v i n g   a  f l u i d   d e l i v e r y   o p e n i n g   (196)   and  p o s i t i o n e d  

w i t h i n   one  of  s a i d   b o r e s   ( 7 4 ) ,   s a i d   pump  c y l i n d e r  

r e t a i n e r   (70)  b e i n g   s e a l e d l y   r e t a i n e d   a g a i n s t   t h e  



s h o u l d e r   ( 7 8 ) ;   c h a r a c t e r i s e d   in  t h a t   t h e   i n j e c t o r  
a s s e m b l y   (28)  i n c l u d e s   a  v a l v e   body  ( 1 0 0 ) ,   a n  

i n w a r d l y - o p e n i n g   v a l v e   (102)   p o s i t i o n e d   w i t h i n   s a i d  

v a l v e   body   ( 1 0 0 ) ,   r e s i l i e n t   means   (104)   f o r  

r e s i l i e n t l y   b i a s i n g   t he   v a l v e   (102)  to  t h e   c l o s e d  

p o s i t i o n ,   and  a  c a s e   (106)   e n c a p s u l a t i n g   s a i d   v a l v e  

body  (100)   and  s a i d   r e s i l i e n t   b i a s i n g   means   (104)   a n d  

r e t a i n i n g   them  a g a i n s t   s e p a r a t i o n ,   s a i d   i n j e c t o r  

a s s e m b l y   (28)  a d a p t e d   to  be  r e m o v a b l y   r e t a i n e d  

a g a i n s t   s a i d   pump  c y l i n d e r   r e t a i n e r   (70)  by  a  s e c o n d  

s l e e v e - t y p e   n u t   (148)  so  t h a t   t h e   i n j e c t o r   a s s e m b l y  

(28)  may  be  r e m o v e d   f rom  or  a s s e m b l e d   s o l e l y   as  a  
u n i t   to  t he   f i r s t   r e t a i n i n g   means   (26)  w i t h o u t  
a l t e r i n g   t he   p o s i t i o n   or  a r r a n g e m e n t   of  t h e   p u m p  
a s s s e m b l y   (20)  r e l a t i v e   to   s a i d   f i r s t   r e t a i n i n g   m e a n s  

( 2 6 ) .  








	bibliography
	description
	claims
	drawings
	search report

