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©  Method  and  apparatus  for  precisely  controlled  fuel  injection  in  a  diesel  engine. 
©  An  electronically  controlled  fuel  supply  for  a  diesel 
engine.  The  timing  of  the  commencement  of  fuel  injection 
into  each  combustion  chamber  is  not  fixed  relative  to  the 
rotationsl  position  of  the  camshaft  or  other  engine  compo- 
nents. 

A  unit  injector  assembly  associated  with  each  combus- 
tion  chamber  includes  a  control  module  and  an  accumulator 
type  injector  module.  The  control  module  contains  a  sole- 
noid  valve  and  a  hydraulic  pressure  intensifier.  The  accumu- 
lator  type  injector  module  contains  an  injector  nozzle,  a 
hydraulic  accumulator,  and  a  non-return  valve  for  admitting 

^|  liquid  fuel  under  pressure  into  the  accumulator. 
^   In  operation,  an  electrical  control  system  supplies  an 

electrical  signal  to  the  control  module  an  appreciable  portion 
of  the  engine  cycle  in  advance  of  the  time  when  fuel  injection 

(J)  is  to  be  initiated  in  the  particular  combustion  chamber.  In 
09  response  to  that  electrical  signal,  the  solenoid  valve  admits 

liquid  fuel  under  pressure  into  the  hydraulic  pressure 
fS  intensifier.  The  output  of  the  intensifier  provides  a  metering 
O  and  intensifying  chamber  in  which  the  pressure  of  the  fuel 

continues  to  increase  until  near  the  time  when  fuel  injection 
is  to  commence.  As  pressure  builds  up,  fuel  flows  through "   the  non-return  valve  into  the  accumulator.  Under  control  of 
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the  electrical  signal  the  solenoid  valve  then  shuts  off  the  flow 
of  liquid  fuel  into  the  intensifier.  The  transfer  of  fuel  under 
high  pressure  from  the  intensifier  chamber  to  the  accumula- 
tor  is  discontinued  due  to  the  non-return  valve,  and  the 
injector  nozzle  then  fires. 
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1.  BACKGROUND  OF  THE  INVENTION  AND  PRIOR  ART 

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   of  t he   d i e s e l   t y p e  

a r e   c h a r a c t e r i z e d   by  t h e i r   i n j e c t i o n   of  a  c a r e f u l l y  

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

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

by  the   r a p i d ,   i n w a r d   m o v e m e n t   of  a  p i s t o n   in   i t s  

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

i n j e c t i o n .  

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

t he   t i m e   of  i n j e c t i o n   w h i c h   o c c u r s   when  t h e   p i s t o n   i s  

n e a r   t o p - d e a d - c e n t e r   of   i t s   c o m p r e s s i o n   s t r o k e ,   h a s  

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

,  i n v e n t i o n   of  t h e   e n g i n e   by  R u d o l f   D i e s e l   in   t h e   1 8 9 0 ' s .  

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

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

i n j e c t e d ,   the   s h a p e   and   d i r e c t i o n   of  t he   i n j e c t i o n  

s p r a y ,   and  the   f o r m a t i o n   and   c o n t r o l   of  t he   h y d r a u l i c  

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

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

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

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

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

and  maximum  s p e e d s ,   and   have   f a i l - s a f e   f e a t u r e s   t o  

p r e v e n t   e n g i n e   " r u n a w a y "   f rom  o c c u r r i n g .  

A  s t u d y   of  p r i o r   p a t e n t   a r t   and  p u b l i s h e d  

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

p r o g r e s s   in   d i e s e l   f u e l   i n j e c t i o n   s y s t e m s .   One  r e f e r e n c e  

in   t h i s   a r e a   i s   B u r m a n   and   DeLuca ,   F u e l   I n j e c t i o n   a n d  

C o n t r o l s   f o r   I n t e r n a l   C o m b u s t i o n   E n g i n e s ;   1 9 6 2 ,   w h i c h  

c o n t a i n s   an  h i s t o r i c a l   s e c t i o n   l i s t i n g   f u e l   i n j e c t i o n  

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

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

1.  K.  Komiyama ,   E l e c t r o n i c a l l y   C o n t r o l l e d  

H i g h   P r e s s u r e   I n j e c t i o n   S y s t e m   f o r   H e a v y   Duty  D i e s e l  

E n g i n e  -   KCMPICS,  Soc .   of  A u t o   E n g r s .   P a p e r  N o .   8 1 0 9 9 7 ,  

1 9 8 1 .  

2.  J.  A k a g i ,   A  New  A c c u m u l a t o r   F u e l   I n j e c t i o n  

S y s t e m   f o r   D i r e c t   I n j e c t i o n   D i e s e l   E n g i n e s ,   Soc .   of  A u t o  

E n g r s .   P a p e r   No.  8 2 1 1 1 4 ,   1 9 8 2 .  

3.  R a l p h   J.  H o o k e r ,   " O r i o n  -   A  Gas  G e n e r a t o r  

T u r b o c o m p o u n d   E n g i n e " ,   T r a n s a c t i o n s ,   Soc .   of  Au to   E n g r s . ,  

V o l .   65 ,   1 9 5 7 ,   pps   1 5 - 1 7 .  

The  a b o v e   r e f e r e n c e s   o f f e r   b a c k g r o u n d   f a l l i n g  

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

t y p e   i n j e c t o r s   w i t h   p r e s s u r e   m u l t i p l i e r s .   A  w o r t h w h i l e  

s u m m a r y   of   c o m m e r c i a l l y   a v a i l a b l e   d i e s e l   f u e l   s y s t e m s  

may  be  f o u n d   i n   R o b e r t   B r a d y ,   D i e s e l   F u e l   S y s t e m s , .  

R e s t o n ,   1 9 8 1 .  

From  t h e   e a r l i e s t   d a y s   of  d i e s e l   e n g i n e s  

t r o u b l e s   w e r e   e n c o u n t e r e d   w i t h   t h e   f u e l   l i n e s   b e t w e e n  

t h e   i n j e c t i o n   pump  and  n o z z l e s .   The  u n i t   i n j e c t o r  

c o m b i n e s   t h e   pump  and  n o z z l e ,   e l i m i n a t e s   t he   h i g h  

p r e s s u r e   l i n e s ,   and  t h u s   o f f e r s   a  s o l u t i o n   to   t h e   p r o b l e m .  

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

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

r e l a t i v e l y   s i m p l e .   N e v e r t h e l e s s ,   i n   a d d i t i o n   to   t h e  

i n j e c t o r   a s s o c i a t e d   w i t h   t h e   one  c y l i n d e r ,   t he   e n t i r e  

f u e l   s u p p l y   s y s t e m   i n c l u d e s   n u m e r o u s   a d d i t i o n a l   c o m p o n -  
e n t s .   F o r   m u l t i - c y l i n d e r   d i e s e l   e n g i n e s   the   c o m p l e t e  

f u e l   s u p p l y   s y s t e m   b e c o m e s   r e l a t i v e l y   c o m p l e x .  

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

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

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

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

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

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

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

be  m a n u f a c t u r e d   w i t h   e x t r e m e l y   p r e c i s e   t o l e r a n c e s .  

In   t h e   d i e s e l   f u e l   i n j e c t i o n   s y s t e m s   c u r r e n t l y  

in  c o m m e r c i a l   u se   t he   c o n t r o l s   f o r   t h e   s y s t e m   a r e  

e s s e n t i a l l y   m e c h a n i c a l   in   n a t u r e .   Many  d i f f e r e n t  

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

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

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

P e r t i n e n t   p r i o r   a r t   U n i t e d   S t a t e s   p a t e n t s  

i n c l u d e   t h e   f o l l o w i n g :  

2.  SUMMARY  OF  THE  INVENTION 

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

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

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

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

s u p p l i e d   f r o m   a  r e l a t i v e l y   l o w - p r e s s u r e   f u e l   s u p p l y  

s o u r c e .   The  u n i t   i n j e c t o r   of  t he   p r e s e n t   i n v e n t i o n  

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

of  the   a c c u m u l a t o r   t y p e ,   and  a  n o n - r e t u r n   v a l v e   c o u p l i n g  

the   o u t p u t   of  t h e   p r e s s u r e   i n t e n s i f i e r   w i t h   t he   a c c u m u -  

l a t o r   i n j e c t o r .  

F u r t h e r ,   a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n   t h e  

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

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

to  the   i n t e n s i f i e r .   T h u s ,   the   s o l e n o i d   v a l v e ,   p r e s s u r e  
i n t e n s i f i e r ,   n o n - r e t u r n   v a l v e ,   and  a c c u m u l a t o r   t y p e  

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

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

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

t h a t   m e t e r i n g   6f  t h e   f u e l   c h a r g e   i s   c o n t r o l l e d ,   a n d  

a d j u s t e d   as   d e s i r e d ,   w i t h o u t   m a k i n g   any   m e c h a n i c a l  

a d j u s t m e n t s   w i t h i n   t h e   m e c h a n i s m   of  t h e   u n i t   i n j e c t o r  

a s s e m b l y .   I n s t e a d ,   d e s i r e d   a d j u s t m e n t s   in   t h e   f u e l  

c h a r g e   t o   be  m e t e r e d   a r e   a c c o m p l i s h e d   e i t h e r   h y d r a u l i c -  

a l l y   o r   e l e c t r i c a l l y ,   or   by  a  c o m b i n a t i o n   of  h y d r a u l i c  

and   e l e c t r i c a l   m e a n s .  

The  h y d r a u l i c   c o n t r o l   of  t h e   m e t e r i n g   of  t h e  

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

p r e s s u r e   of  a  pump  t h a t   i s   u s e d   as   a  common  s u p p l y   s o u r c e  

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

of  t h e   e n g i n e .   W h i l e   an  a d j u s t m e n t   i s   made  a t   t h e  

l o c a t i o n   of  t he   pump,   t h e r e   i s   o n l y   one  s u c h   a d j u s t m e n t  

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

any   of   t h e   u n i t   i n j e c t o r   a s s e m b l i e s .  

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

to   t i m e ,   i t   i s   n o t   r e f e r r e d   t o   as   a  "common  r a i l "   s o u r c e .  

When  t h e   c o n t r o l   of  t h e   m e t e r i n g   of  t h e   f u e l  

c h a r g e   i s   a c c o m p l i s h e d   e l e c t r i c a l l y ,   i t   i s   done  s i m p l y  

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

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

of  e n g i n e   o p e r a t i o n .   S p e c i f i c a l l y ,   by  k e e p i n g   t h e  

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

up  i n   t h e   i n t e n s i f i e r   i s   g r e a t e r ,   and   t he   q u a n t i t y   o f  

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

C o n v e r s e l y ,   by  r e d u c i n g   t h e   t i m e   i n t e r v a l   t h r o u g h o u t  

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

be  d e c r e a s e d .  

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

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

p a r t l y   by  h y d r a u l i c   m e a n s   and   p a r t l y   by  e l e c t r i c a l   m e a n s .  

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

m u l t i - c y l i n d e r   e n g i n e ,   t h e   m a i n   a d j u s t m e n t   in   t h e  

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

p r e s s u r e   of  t h e   common  f u e l   s u p p l y   s o u r c e ,   w h i l e  

c h a n g e s   i n   t h e   t i m i n g   of   t h e   e l e c t r i c a l   c o n t r o l   s i g n a l s  
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may  be  made  d i f f e r e n t l y   f o r   t h e   d i f f e r e n t   c y l i n d e r s   i n  

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

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

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

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

i s   to  o c c u r .  

As  a  f u r t h e r   f e a t u r e   of  t h e   i n v e n t i o n ,   a n  

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

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

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

f e a t u r e s   of  s t r u c t u r e   and  o p e r a t i o n .  

S t i l l   a n o t h e r   f e a t u r e   of  t he   p r e s e n t   i n v e n t i o n  

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

i n j e c t o r   t h a t   i s   e q u i p p e d   w i t h   a  n o n - r e t u r n   v a l v e   a t   i t s  

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

in  i t s   s t r u c t u r e   and   mode  of  o p e r a t i o n .  

V a r i a t i o n s   in   l i n e   p r e s s u r e  b e c a u s e   o f  

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

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

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

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

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

the   c o r r e c t   p r e s s u r e   a n d ,   c o n s e q u e n t l y ,   t he   c o r r e c t   f u e l  

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

3.  ADVANTAGES  OF  THE  INVENTION 

The  i n v e n t i o n   p r o v i d e s   a  c o s t - e f f e c t i v e ,  

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

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

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

and  r e d u c e d   s t r e s s   on  i n j e c t i o n - s y s t e m   c o m p o n e n t s .  

F u r t h e r m o r e   t h e   s y s t e m   i s   v e r y s i m p l e ,   and  p e r m i t s   t a k i n g  

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

u n i t   i n j e c t o r   r e s u l t s   in   t h e   i n i t i a t i o n   of   i n j e c t i o n .  

S u b s e q u e n t l y   i n j e c t i o n   t e r m i n a t e s   w i t h o u t   any   a d d i t i o n a l  

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

i s   i n h e r e n t   in   t h e   s y s t e m .  

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

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

i n d e p e n d e n t   of  t h e   e n g i n e   s p e e d .  

4.  DRAWING  SUMMARY 

F i g u r e   1  i s   a  s c h e m a t i c   d r a w i n g   of   a  f u e l  

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

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

F i g u r e   2  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g  

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

t o r   a s s e m b l i e s ;  

F i g u r e   3  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  a  u n i t  

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

F i g u r e  4   i s   a  t o p   p l a n   v i e w   of  t h e   u n i t   i n j e c -  

t o r   a s s e m b l y   of  F i g u r e   3 ;  

F i g u r e s  5   and   6  a r e   c r o s s - s e c t i o n a l   e l e v a t i o n a l  

v i e w s   of   t h e   u n i t   i n j e c t o r   a s s e m b l y   t a k e n   on  t h e   r e s p e c -  

t i v e   c r o s s - s e c t i o n   l i n e s   i n d i c a t e d   i n   F i g u r e   4 ;  

F i g u r e  7   i s   an  e n l a r g e d   f r a g m e n t a r y   c r o s s -  

s e c t i o n a l   v i e w   s h o w i n g   t h e   T - v a l v e   i n   i t s   c l o s e d   p o s i t i o n ;  

F i g u r e   8  i s   an  e n l a r g e d   f r a g m e n t a r y   c r o s s -  

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

F i g u r e   9  i s   an  e n l a r g e d   f r a g m e n t a r y   p o r t i o n  

of  F i g u r e   5a ,   b u t   s h o w i n g   t h e   i n t e n s i f i e r   p i s t o n s   d u r i n g  

t h e i r   f o r w a r d   s t r o k e   and   t h e   T - v a l v e   i n   i t s   o p e n  

p o s i t i o n ;  

F i g u r e   10  i s   a  p a r t i a l   v i e w   l i k e   F i g u r e   9 ,  

b u t   s h o w i n g   t he   a l t e r n a t e   p o s i t i o n   of  t h e   s o l e n o i d   v a l v e ;  
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F i g u r e   11  s h o w s   t h e   e l e c t r i c a l   p u l s e   a p p l i e d  

to   the   s o l e n o i d   v a l v e ;  

F i g u r e   12  i s   a  wave  fo rm  d i a g r a m   i l l u s t r a t i n g  

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

F i g u r e s   2  t h r o u g h   10;  a n d  

F i g u r e   13  i s   an  e n l a r g e d   v i e w   of  one  p o r t i o n  

of  t he   wave  f o rm  d i a g r a m   of  F i g u r e   1 2 .  

5.  SYSTEM  ARRANGEMENT 

( F i g u r e s   1  and  2 )  

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

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

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

From  a  f u e l   s u p p l y   t a n k   10,   l i q u i d   f u e l   i s  

d rawn   t h r o u g h   a  f i l t e r  1 1   by  m e a n s   of  a  pump  12  d r i v e n  

m e c h a n i c a l l y   f r o m   t h e   e n g i n e   cam  s h a f t   13  ' ( n o t   s h o w n ) .  

Pump  12  i s   of  t h e   c o n t i n u o u s   f l o w   t y p e ,   g e n e r a t i n g   a  

r e l a t i v e l y   c o n t i n u o u s   b u t   a d j u s t a b l e   p r e s s u r e .   F r o m  

pump  12  the   f u e l   i s   f o r c e d   t h r o u g h   a  r e l i e f   v a l v e   14  t o  

a  p r e s s u r e   r e g u l a t o r   15.   From  r e g u l a t o r   15  t he   l i q u i d  

f u e l   i s   s u p p l i e d   a t   a  s t e a d y   p r e s s u r e   to   a  f u e l   s u p p l y  

l i n e   16,   w h i c h   i s   c o n n e c t e d   t o   a l l   of  t h e   u n i t   i n j e c t o r  

a s s e m b l i e s .  

F o u r   s u b s t a n t i a l l y   i d e n t i c a l   u n i t   i n j e c t o r s  

a s s e m b l i e s   100  a r e   shown  i n   a c c o r d a n c e   w i t h   t h e i r   a c t u a l  

p h y s i c a l   a p p e a r a n c e .   I t   w i l l   be  u n d e r s t o o d   t h a t   e a c h  

u n i t   i n j e c t o r   a s s e m b l y   i s   m o u n t e d   on  the   e n g i n e   c y l i n d e r  

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

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

c y l i n d e r   of  the   e n g i n e .  

A l so   shown  in   F i g u r e   1  i s   a  f u e l   r e t u r n   l i n e  

20.  I t   s e r v e s   as  a  d r a i n   f rom  e a c h   of  t he   u n i t   i n j e c t o r  

a s s e m b l i e s   1 0 0 .  

R e f e r e n c e   i s   now  made  to   F i g u r e   2  w h i c h  

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

of  an  i n d i v i d u a l   u n i t   i n j e c t o r   a s s e m b l y   100 .   I t   s h o u l d  
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be  n o t e d   t h a t   r e f e r e n c e   n u m e r a l s   s m a l l e r   t h a n   100  a r e  

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

f u e l   i n j e c t i o n   s y s t e m   as  shown  in   F i g u r e   1.  T h e y   a r e  

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

p a r t s   of   t h e   u n i t   i n j e c t o r   a s s e m b l y   as  shown  i n   F i g u r e  

2.  In   t h e   l a t e r   d r a w i n g   f i g u r e s ,   w h e r e   t h e   a c t u a l  

m e c h a n i c a l   c o n s t r u c t i o n   of   a  u n i t   i n j e c t o r   a s s e m b l y   1 0 0  

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

n u m b e r s   g r e a t e r   t h a n   1 0 0 .  

As  s c h e m a t i c a l l y   shown  in   F i g u r e   2,  t h e   u n i t  

i n j e c t o r   a s s e m b l y   100  r e c e i v e s   i t s   f u e l   s u p p l y   a t   a  

p r e s s u r e   f r o m   t h e   common  s u p p l y   l i n e   16.   F u e l   d r a i n  

l i n e   20  l e a d s   f r o m   i n j e c t o r   a s s e m b l y   1 0 0 .   The  o p e r a t i o n  

of  t h e   u n i t   i n j e c t o r   a s s e m b l y   i s   c o n t r o l l e d   by  a  t h r e e -  

way  s o l e n o i d   v a l v e   30 .   The  o p e r a t i o n   of  t h e   v a l v e ,   i n  

t u r n ,   i s   c o n t r o l l e d   by  a  v o l t a g e   p u l s e   36  r e c e i v e d   o n  

t h e   e l e c t r i c a l   c o n t r o l   s i g n a l   l i n e   37.  T h e  u n i t   i n j e c -  

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

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

i s   to   i n j e c t   f u e l   i n t o   a  c o m b u s t i o n   c h a m b e r   80 ,   s h o w n  

in   d o t t e d   l i n e s ,   of   an   a s s o c i a t e d   e n g i n e   c y l i n d e r .  

More   s p e c i f i c a l l y ,   t h e   common  f u e l   s u p p l y   h a s  

a  s t e a d y   p r e s s u r e   l e v e l   as   shown  by  t he   s m a l l   d i a g r a m  

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

c o n s i s t s   of   a  s e r i e s   of   s u b s t a n t i a l l y   s q u a r e - w a v e   v o l t a g e  

p u l s e s   as   s h o w n   i n   t h e   d i a g r a m   36.  One  v o l t a g e   p u l s e  

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

as  w i l l   l a t e r   be  e x p l a i n e d   i n  m o r e   d e t a i l .  

The  s o l e n o i d   v a l v e   30  has   an  i n l e t   p o r t   31  

w h i c h   r e c e i v e s   f u e l   f r o m   t h e   common  r a i l   s u p p l y   l i n e   1 6 .  

I t   a l s o   h a s   a  common  o u t l e t   p o r t   3 3 .  I t   a l s o   h a s   a n  

o u t l e t   p o r t   32  t o   w h i c h   t h e   f u e l   r e t u r n   l i n e   20  i s  

c o u p l e d .   A p p l i c a t i o n   of  t h e   l e a d i n g   edge   of   v o l t a g e   p u l s e  

36  a c t s   to   move  t h e   v a l v e   to   t he   "on"  c o n d i t i o n   so  t h a t  

t h e r e   i s   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   i n l e t   p o r t   31  a n d  

t h e   common  o u t l e t   p o r t   33.   At  t he   same  t i m e ,   t h e r e   i s  

no  f l u i d   c o m m u n i c a t i o n - w i t h   o u t l e t   p o r t   32.   T h e n   w h e n  
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t h e   v o l t a g e   p u l s e   e n d s ,   the   v a l v e   i s   r e t u r n e d   to  i t s  

" o f f "   p o s i t i o n ,   in   w h i c h   f l u i d   c o m m u n i c a t i o n   i s   b e t w e e n  

t h e   common  o u t l e t   p o r t   33  and  t he   f u e l   r e t u r n   p o r t   3 2  

and   n o t   w i t h   t h e   f u e l   i n l e t   p o r t   31.  I t   w i l l   be  u n d e r -  

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

in   t h i s   g e n e r a l   f a s h i o n   a re   p r e v i o u s l y   known  in   t he   a r t .  

H y d r a u l i c   i n t e n s i f i e r   40  i n c l u d e s   a  low  p r e s -  

s u r e   c h a m b e r   45  and   a  h i g h   p r e s s u r e   c h a m b e r   50.  T h e  

h i g h   p r e s s u r e   c h a m b e r   50  i s   a l s o   known  as  the   m e t e r i n g  

and  i n t e n s i f y i n g   c h a m b e r .   A  m e t e r i n g   d u c t   18  c o n n e c t s  

d i r e c t l y   f rom  t h e   f u e l   s u p p l y   l i n e   16  t h r o u g h   a  c h e c k  

v a l v e   19  to  t he   m e t e r i n g   c h a m b e r   50,  so  t h a t   a  s u p p l y   o f  

f u e l   i s   a l w a y s   a v a i l a b l e   to   t he   m e t e r i n g   c h a m b e r .  

In  t he   s c h e m a t i c   d i a g r a m   of  F i g u r e   2  a  l i n e   3 5  

c o n n e c t e d   b e t w e e n   common  o u t l e t   p o r t   33  of  the   s o l e n o i d  

v a l v e   and  low  p r e s s u r e   c h a m b e r   45  h a s   a r r o w s   p o i n t i n g   i n  

b o t h   d i r e c t i o n s .   ' T h i s   l i n e   and  i t s   a r r o w s   s c h e m a t i c a l l y  

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

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

d u r i n g   one  p o r t i o n   of  e a c h   e n g i n e   c y c l e ,   and  t h e n  

s u b s e q u e n t l y   f l o w s   f rom  t h a t   c h a m b e r   b a c k   i n t o   the   v a l v e .  

More  s p e c i f i c a l l y ,   when  the   v a l v e   h a s   b e e n   t u r n e d   o n  

by  the   v o l t a g e   p u l s e   36  f u e l   f l o w s   f r o m   s u p p l y   l i n e   1 6  

t h r o u g h   i n l e t   p o r t   31  and  h e n c e   t h r o u g h   t h e   i n t e r i o r   o f  

v a l v e   30,  i t s   common  o u t l e t   p o r t   33,   and  i n t o   the   l o w  

p r e s s u r e   c h a m b e r   45  o f  t h e   i n t e n s i f i e r .   When  the   v o l t a g e  

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

in   t he   low  p r e s s u r e   c h a m b e r  4 5   t h e n   f l o w s   in   the   r e v e r s e  

d i r e c t i o n   to  t he   common  o u t l e t   p o r t   33  of  the   v a l v e ,  

h e n c e   t h r o u g h   t he   i n t e r i o r   of  t he   v a l v e   to   o u t l e t   p o r t  

32,   and  t h e n c e   to   t he   f u e l   d r a i n   or   r e t u r n   l i n e   2 0 .  

The  low  p r e s s u r e   c h a m b e r   45  of  h y d r a u l i c  

i n t e n s i f i e r   40  d o e s   n o t   c o n t a i n   t h e   f u e l   c h a r g e   t h a t   i s  

u l t i m a t e l y   i n j e c t e d   i n t o   t he   c o m b u s t i o n   c h a m b e r   8 0 .  

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

f u e l   w i t h i n   t he   m e t e r i n g   and  i n t e n s i f y i n g   c h a m b e r   5 0 .  

The  t e r m   m u l t i p l y   u s e d   in  t he   s e n s e   of  t h i s   i n v e n t i o n  
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i s   t h e   r a t i o   of  t h e   a r e a s   of  t h e   low  and  h i g h   p r e s s u r e  

i n t e n s i f i e r   p i s t o n s .   T h u s ,   once   d u r i n g   e a c h   e n g i n e   c y c l e  

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

t h e   low  p r e s s u r e   c h a m b e r   45 ,   and   t h e   p o t e n t i a l   ( s t o r e d )  

e n e r g y   c o n t a i n e d   in   t h a t   q u a n t i t y   of  f u e l   i s   t h e n   u t i l i z e d  

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

p r e s s u r e   c h a m b e r   50.   When  i t s   p o t e n t i a l   e n e r g y   h a s   b e e n  

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

e n t e r i n g   s a i d   c h a m b e r   45  i s   c a u s e d   to   d r a i n   o f f   t o   t h e  

f u e l   r e t u r n   l i n e   20.   T h i s   o p e r a t i o n   i s   r e p e a t e d   d u r i n g  

e a c h   c y c l e   of  t h e   e n g i n e   o p e r a t i o n .   The  use   o f   a  h y d r a u -  

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

shown  i n   t h e   L u s c o m b   p a t e n t   n u m b e r   4 , 2 1 9 , 1 5 4 .  

A c c u m u l a t o r   i n j e c t i o n   n o z z l e   70  i s   s h o w n   a s  

h a v i n g   two  s e p a r a t e   f u e l   i n p u t s   d e s i g n a t e d   as   72  and   7 3 .  

The  f u e l   a d m i t t e d   i n t o   i n p u t   73  c o m e s   f r o m   m e t e r i n g  

c h a m b e r   50  v i a   o u t l e t   p o r t   51  and   c h e c k   v a l v e   60  w i t h   i t s  

i n l e t   p o r t   52.   I n l e t   72  r e c e i v e s   i t s   f u e l   s u p p l y   t h r o u g h  

c i r c u i t   53  w h i c h   b y p a s s e s   c h e c k   v a l v e   60.   T h e   q u a n t i t y  

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

On  t h e   s c h e m a t i c   F i g .   2,  t h e   o p p o s i n g   a r r o w s   54  and   5 5  

on  c i r c u i t   53  show  t h a t   w h i l e   t w o - d i r e c t i o n a l   f l o w   i s  

p o s s i b l e ,   t h e   i n t e n t i o n   of  t h i s   c i r c u i t   53  i s   more   o n e  

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

D u r i n g   e a c h   c y c l e   as   t h e   p r e s s u r e   i n   t h e   m e t e r i n g  

c h a m b e r   50  i s   b u i l d i n g   up ,   t h e   c h e c k   v a l v e   60  b e c o m e s  

b i a s e d   i n   a  f o r w a r d   d i r e c t i o n   and   p e r m i t s   f u e l   t o   p a s s  
f r o m   t h e   h i g h   p r e s s u r e   c h a m b e r   50  i n t o   t h e   a c c u m u l a t o r  

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

to   t h e   a c c u m u l a t o r   i n j e c t o r   d u r i n g   e a c h   s a i d   c y c l e .   W h e n  

e l e c t r i c a l   p u l s e   36  e n d s ,   s o l e n o i d   v a l v e   30  c l o s e s ,   t h e  

p r e s s u r e   i n   low  p r e s s u r e   c h a m b e r   45  d r o p s ,   and  t h e  

p r e s s u r e   i n   t h e   m e t e r i n g   c h a m b e r   50  a l s o   d e c r e a s e s   r a p i d -  

l y .   T h i s   c a u s e s   c h e c k   v a l v e   60  to   c l o s e ,   s t o p p i n g   t h e  

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

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

l i m i t e d   e f f e c t   s t i l l   e x i s t s   b e t w e e n   t h e   m e t e r i n g   c h a m b e r  
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50  and  t he   a c c u m u l a t o r   i n j e c t o r   n o z z l e   70  by  way  of  t h e  

p a t h w a y   s c h e m a t i c a l l y   i l l u s t r a t e d   by  t h e   l i n e   5 3 .  

D i s c o n t i n u a n c e   of  t h e   i n f l o w   of  t he   f u e l  

c h a r g e   i n t o   a c c u m u l a t o r   i n j e c t o r   70  and   t he   d e c r e a s e   i n  

p r e s s u r e   in   l i n e   52  i n i t i a t e   i n j e c t i o n   of  t h e   f u e l   c h a r g e  

i n t o   t h e   c o m b u s t i o n   c h a m b e r .   The  f u e l   e n t e r s   c h a m b e r   8 0  

as  s p r a y s   76  whose   d i r e c t i o n s   a r e   d e t e r m i n e d   by  t h e  

o r i f i c e s   of  s p r a y   t i p   7 5 .  

The  s t r u c t u r e   of  t h e   a c c u m u l a t o r   i n j e c t o r   7 0 ,  

and  i t s   mode  of  o p e r a t i o n ,   i n c l u d i n g   c h e c k   v a l v e   60  a n d  

t he   p a r a l l e l   p r e s s u r e   p a t h   53,  a r e   g e n e r a l l y   s i m i l a r   t o  

t h a t   shown   in  t h e   F a l b e r g   p a t e n t   n u m b e r   2 , 9 8 5 , 3 7 8 .  

However . ,   as  w i l l   be  s e e n   i n   c o n n e c t i o n   w i t h   t h e   d e s c r i p -  

t i o n   of   t he   p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n -  

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

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

o p e r a t i o n .  

I t   w i l l   be  u n d e r s t o o d   t h a t   a  h y d r a u l i c  

m e c h a n i s m   s u c h   as   s c h e m a t i c a l l y   i l l u s t r a t e d   in   F i g u r e   2 

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

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

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

or   s t a r t - u p   c o n d i t i o n   has   a l r e a d y   o c c u r r e d ,   and  t h a t   t h e  

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

By  way  of  e x a m p l e ,   a  t y p i c a l   p r e s s u r e   in   t h e  

s u p p l y   l i n e   16  may  be  on  t h e   o r d e r   of  1 0 3 . 4   b a r s .   T h e  

m u l t i p l y i n g   e f f e c t   of  i n t e n s i f i e r   40  may  be  f i f t e e n   o r  

m o r e ,   o r   as  low  as  t h r e e .   T h e r e f o r e ,   t h e   p r e s s u r e   i n  

m e t e r i n g   c h a m b e r   50  may  be  r a i s e d   to   a b o u t   1 , 5 5 0 . 9   b a r s  

( 1 0 3 . 4   x  15  =  1 , 5 5 0 . 9 ) ,   and   t h i s   f u l l   p r e s s u r e   i s  

t r a n s f e r r e d   i n t o   t h e   a c c u m u l a t o r   i n j e c t i o n   n o z z l e   7 0 .  

R e f e r e n c e   i s   a g a i n   made  to   F i g u r e   1  s h o w i n g  

the   c o m p l e t e   f u e l   s u p p l y   s y s t e m .   An  e l e c t r i c a l   c o n t r o l  

s y s t e m   s u c h   as  a  m i c r o p r o c e s s o r   78  i s   u s e d   to   c o n t r o l  

t he   o p e r a t i o n   of  t h e   f u e l   s u p p l y   s y s t e m .   T h e  m i c r o -  

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

v a r i o u s   o u t p u t   s i g n a l s ,   as  w i l l   now  be  d e s c r i b e d .  
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An  i n p u t   s i g n a l   r e p r e s e n t i n g   i n t a k e   m a n i f o l d  

a i r   p r e s s u r e   of   t h e   e n g i n e   i s   r e c e i v e d   on  an  i n p u t   l i n e  

81.  A n o t h e r   i n p u t   s i g n a l   r e p r e s e n t i n g   c y l i n d e r   b l o c k  

w a t e r   t e m p e r a t u r e   i s   r e c e i v e d   on  an  i n p u t   l i n e   8 2 .  

A n o t h e r   i n p u t   l i n e   83  s u p p l i e s   an  e l e c t r i c a l   s i g n a l   w h o s e  

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

s u p p l y   l i n e   16 .   S t i l l   a n o t h e r   s i g n a l   a p p l i e d   on  i n p u t  

l i n e   84  r e p r e s e n t s   t h e   p o s i t i o n   of  t h e   t h r o t t l e ,   a s  

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

i m p o s e d   on  t h e   e n g i n e .   S i n c e   t h e   m i c r o p r o c e s s o r   78  m u s t  

be  s y n c h r o n i z e d   w i t h   t h e   e n g i n e ,   an  e l e c t r i c a l   s i g n a l  

i s   a c q u i r e d   f o r   e x a m p l e   f r o m   cam  s h a f t   13  f o r   t h e   p u r p o s e  
of  t i m i n g   o r   s y n c h r o n i z i n g   a  p u l s e   g e n e r a t o r   85  w i t h   t h e  

e n g i n e .   S i g n a l s   f r o m   t h e   p u l s e   g e n e r a t o r   85  a r e   s u p p l i e d  

on  an  i n p u t   l i n e   86  to   t h e   m i c r o p r o c e s s o r .  

A c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   t h e   m i c r o -  

p r o c e s s o r   78  c a r r i e s   o u t   a  t i m i n g   c y c l e   w i t h i n   w h i c h   a  

s e r i e s   of  e v e n t s   a r e   t i m e d   and  c o n t r o l l e d ,   and  t h e  

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

r e v o l u t i o n   of   t h e   e n g i n e   c r a n k s h a f t ,   or   to   two  or   m o r e  

c r a n k s h a f t   r e v o l u t i o n s .   I n   t h e   c a s e   of  a  t w o - s t r o k e  

c y c l e   e n g i n e   t h e   t i m i n g   c y c l e   w i l l   o r d i n a r i l y   be  c a r r i e d  

o u t   d u r i n g   one  c o m p l e t e   r e v o l u t i o n   of   t h e   e n g i n e   c r a n k -  

s h a f t .   F o r   a  f o u r - s t r o k e   c y c l e   e n g i n e ,   t h e   t i m i n g  

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

of  t h e   e n g i n e   c r a n k s h a f t .  

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

h o w e v e r ,   t h e   f u e l   c o n s u m p t i o n   may  be  r e d u c e d   c o n s i d e r a b l y  

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

t he   t i m i n g .   F o r   e x a m p l e ,   a  t w o - s t r o k e   c y c l e   e n g i n e   t h a t  

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

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

i n j e c t i o n   of  f u e l   n o t   a t   e v e r y   r e v o l u t i o n ,   b u t   a t   e v e r y  

two ,   t h r e e   or   f o u r   e n g i n e   r e v o l u t i o n s .   In   s i m i l a r  

f a s h i o n ,   f o r   a  f o u r - s t r o k e   c y c l e   e n g i n e ,   the   t i m i n g  

c y c l e   of  t h e   m i c r o p r o c e s s o r   may  be  m o d i f i e d   to   c o r r e s p o n d  
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to  an  i n t e g r a l   m u l t i p l e   of   two  e n g i n e   r e v o l u t i o n s .   T h e  

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

t i m i n g   c y c l e   s e t   by  the   m i c r o p r o c e s s o r .  

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

may  be  c a r r i e d   ou t   e n t i r e l y   w i t h i n   t h a t   u n i t   of   t h e  

s y s t e m .   A l t e r n a t i v e l y ,   t h e   p u l s e   g e n e r a t o r   85  may,   i f  

d e s i r e d ,   be  p r o g r a m m e d   to   a c t   as  a  f r e q u e n c y   m u l t i p l i e r ,  

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

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

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

s p a c e d   p u l s e s .  

An  o u t p u t   l i n e   90  g e n e r a t e s   an  e l e c t r i c a l  

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

of  p r e s s u r e   r e g u l a t o r   15.   A d j u s t i n g   t he   p r e s s u r e   s e t t i n g  

of  r e g u l a t o r   15  in   t u r n   c a u s e s   t h e   p r e s s u r e   on  s u p p l y  

l i n e   16  to   e i t h e r   i n c r e a s e   or   d e c r e a s e ,   and  r e s u l t s   i n  

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

c h a r g e   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   of  e a c h  

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

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

a re   d e s c r i b e d   l a t e r   in   g r e a t e r   d e t a i l .  

The  m i c r o p r o c e s s o r   78  a l s o   has   s i g n a l   o u t p u t  

l i n e s   9 1 a ,   91b,   91c ,   and  91d .   The  o u t p u t   s i g n a l  

s u p p l i e d   f r o m   o u t p u t   l i n e   91a   c o n t r o l s   t he   o p e r a t i o n   o f  

u n i t  i n j e c t o r   a s s e m b l y   1 0 0 a ,   w h i l e   o u t p u t   l i n e s  9 1 b ,   c  

and  d  c o n t r o l   t h e  i n j e c t o r   a s s e m b l i e s   1 0 0 b ,   c  and  d ,  

r e s p e c t i v e l y .   E a c h   o u t p u t   s i g n a l   on  one  of   t h e   l i n e s  

91  c o n s i s t s   of  a  s q u a r e   v o l t a g e   wave  (wave  36  of   F ig   2 )  

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

m i c r o p r o c e s s o r   78.  When  t h e   s q u a r e   wave  c o m m e n c e s ,   t h e  

c o i l   of   s o l e n o i d   v a l v e   30  ( F i g u r e   2)  of  t h e   a s s o c i a t e d  

i n j e c t o r   a s s e m b l y   i s   e n e r g i z e d .   When  the   s q u a r e   w a v e  

of  v o l t a g e   (36)  e n d s ,   t he   s o l e n o i d   c o i l   i s   d e - e n e r g i z e d .  

The  s i g n a l s   s u p p l i e d   to  the   o u t p u t   l i n e s   91 

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

the   o p e r a t i o n   of  t he   u n i t   i n j e c t o r   a s s e m b l i e s   100 ,   a n d  

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

i d e n t i f i e d .  

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

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

c y c l e   of  t h e   m i c r o p r o c e s s o r ,   and  h e n c e   t h e   e n g i n e   c y c l e ,  

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

f i r i n g   c y c l e .  

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

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

of  t i m e   a t   w h i c h   f u e l   i n j e c t i o n   i n t o   t h e   c o m b u s t i o n  

c h a m b e r   w i l l   c o m m e n c e   r e l a t i v e   to   t h e  t o p   dead   c e n t e r  

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

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

t h e   s q u a r e   wave  of   v o l t a g e   e n d s ,   t h u s   d e - e n e r g i z i n g   t h e  

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

in   more   d e t a i l   l a t e r .  

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

i s   to  d e t e r m i n e   t h e   d u r a t i o n   of  t h e   t i m e   i n t e r v a l  

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

d u r a t i o n   of  t h a t   t i m e   i n t e r v a l   may  be  i n c r e a s e d   b y  

t u r n i n g   on  t h e   v a l v e   e a r l i e r ,   or   may  be  d e c r e a s e d   b y  

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

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

a t t a i n e d   by  p r e s s u r e   i n t e n s i f i e r   40  ( F i g u r e   2 ) ,   a n d  

h e n c e   t h e   q u a n t i t y   of  e a c h   i n j e c t e d   f u e l   c h a r g e ,   as  w i l l  

be  d e s c r i b e d   i n   g r e a t e r   d e t a i l   l a t e r .  

T h e r e   i s   a  f o u r t h   t i m i n g   f u n c t i o n   w h i c h   t h e  

m i c r o p r o c e s s o r   78  may  be  c a l l e d   u p o n   to   p e r f o r m .   T h i s  

t i m i n g   f u n c t i o n   i s   to   make  i n d i v i d u a l   a d j u s t m e n t s   f o r  

e a c h   c y l i n d e r   of   t h e   e n g i n e   in   r e s p e c t   to   t h e   t i m e   w h e n  

i n j e c t i o n   i s   to   be  c o m m e n c e d ,   and  a l s o   i n   r e s p e c t   t o  

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

s o l e n o i d   v a l v e   i s   t u r n e d   on.   T h i s   i s   a  " f i n e   t u n i n g "  

f u n c t i o n   w h i c h   i s   d i s c u s s e d   in   more  d e t a i l   in   one  o f  

t h e .  l a s t   p a r a g r a p h s   of   t h i s   d e s c r i p t i o n .  
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6.  DETAILED  DESCRIPTION  OF  THE  MECHANICAL 

PARTS  OF  THE  UNIT  INJECTOR  ASSEMBLY 

T h i s   d e s c r i p t i o n   i s   made  w i t h   r e f e r e n c e   t o  

d r a w i n g   F i g u r e s   3  t h r o u g h   10  i n c i s i v e ,   and  i n c l u d e s  

n u m b e r e d   p a r a g r a p h s .  

P a r a g r a p h   1.  The  s o l e n o i d   u n i t   30,  F i g .   3 ,  

i s   s e p a r a t e l y   p a c k a g e d .   I t   i s   d e s c r i b e d   i n  

S t a t e s   P a t e n t   No.  4 , 3 9 1 , 2 9 2   i s s u e d   a t   t h e   U.S .   P a t e n t   O f f i c e  

o n  J u l y   5,  1983,  w h i c h   i s   u n d e r   t h e   same  o w n e r s h i p   a s   t h e  

p r e s e n t   a p p l i c a t i o n .   The  s o l e n o i d   u n i t   is   c o n c e n t r i c  

a b o u t   a  c e n t r a l   l o n g i t u d i n a l   a x i s ,   w i t h   c e r t a i n   e x c e p -  
t i o n s .   One  e x c e p t i o n   i s   t h e   l e a d   w i r e s   37  w h i c h   c o n n e c t  

a t   one  p a r t   of   t h e   c i r c u m f e r e n c e   of  the   e n e r g i z i n g   c o i l .  

A n o t h e r   e x c e p t i o n   i s   two  t r a n s v e r s e   p a s s a g e w a y s   38,   3 9  

( f i g s .   5a  and   9)  a s s o c i a t e d   w i t h - r e s p e c t i v e   b a l l   v a l v e s  

31a ,   3 2 a .   As  shown  in   t h e s e   d r a w i n g s   t h e y   a re   a l i g n e d  

v e r t i c a l l y ,   b u t   t h a t   a l i g n m e n t   i s   n o t   r e q u i r e d .  

P a r a g r a p h   2.  The  n e x t   p a r t   of  the   s t r u c t u r e  

i s   the   b l o c k   o r   b a s e   m e m b e r   110  f o r   the   c o n t r o l   m o d u l e .  

I t   is   shown  i n   F i g u r e s   3,  4,  5a ,   6  and  9.  As  shown   i n  

F i g u r e   5a  t h e   t o p   o p e n i n g   32  i s   t he   f u e l   r e t u r n   p o r t .  

The  o p e n i n g   a t   t h e   l e f t   i s   t h e   f u e l   s u p p l y   p o r t   31.   T h e r e  

i s   a l s o   an  o p e n i n g   on  t he   r i g h t h a n d   s i d e   where   t h e   s o l e -  

n o i d  u n i t   30  i s   i n s e r t e d ,   w i t h  m a t i n g   t h r e a d s ,   and   t h e  

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

p l a c e .   T h r e e   0 - r i n g s   a i d   t he   s e a l i n g   of  the   s o l e n o i d  

in   t h e   b l o c k .   A  s h o u l d e r   on  s o l e n o i d   v a l v e   b o d y   3 5  

b e a r s   a g a i n s t   a  s h o u l d e r   110a   to   l o c a t e   the   s o l e n o i d  

v a l v e   in   t h e   b l o c k   110.   The  f u e l   i n l e t   o p e n i n g   31  i s  

c o n c e n t r i c   w i t h   t h e   c a v i t y   in   b l o c k   110  w h i c h   r e c e i v e s  

the  s o l e n o i d   u n i t   30.  T h e r e f o r e ,   t he   i n c o m i n g   f u e l   f l o w s  

d i r e c t l y   a g a i n s t   t he   end  of  t he   s o l e n o i d   u n i t .   B e l o w  

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

e x t e n d i n g   v e r t i c a l l y   d o w n w a r d .   The  o p e n i n g   a t   t h e  

e x t r e m e   l e f t   as   shown  in   F i g u r e   5a  i s   the   m e t e r i n g  

duc t   118 .   The  o p e n i n g   in   t he   m i d d l e   i s   the   c o m m o n  
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o u t l e t   p o r t   33  c o u p l e d   to   t he   low  p r e s s u r e   c h a m b e r   o f  

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

s i d e   i s   a  d r a i n   o f f   l i n e   o r   p a s s a g e w a y   120  f o r   e n s u r i n g  

p r o p e r   o p e r a t i o n   of  t he   i n t e n s i f i e r ,   a s  w i l l   be  d e s c r i b e d  

l a t e r .   A l s o   f o r m e d   in   t h e   b l o c k   110  a r e   an  a n n u l a r  

o p e n i n g   122  p r o v i d i n g   c o m m u n i c a t i o n   b e t w e e n   t r a n s v e r s e  

p a s s a g e   38  and   o u t l e t   p a s s a g e   33,   a n d   a n n u l a r   o p e n i n g  

124  p r o v i d i n g   c o m m u n i c a t i o n   b e t w e e n   t r a n s v e r s e   p a s s a g e  

39  and   d r a i n   o f f   l i n e   1 2 0 .  

P a r a g r a p h   3.  In   d r a i n   o f f   l i n e   120  t h e r e   i s  

a  c h e c k   v a l v e   121 ,   t he   d e t a i l e d   s t r u c t u r e   b e i n g   l i k e   t h a t  

of  c h e c k   v a l v e   119  as  shown  i n   F i g u r e   9.  T h i s   s t r u c t u r e  

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

b e i n g   r e t a i n e d   b y  a   p r e s s   f i t   i n t o   an  o p e n i n g   in   b l o c k  

1 1 0 .  

P a r a g r a p h   4.  F i g u r e   6  s h o w s   a  s e c t i o n a l   v i e w  

of  t h e   b l o c k   or   b a s e   m e m b e r   110  f o r   t h e   c o n t r o l   m o d u l e ,  

b u t   a t   a  90  d e g r e e   a n g l e   f r o m   F i g u r e   5.  C o m p l e t e  

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

F i g .   6  i n c l u d e s   a  l u b r i c a t i o n   p o r t   125  a t   t he   t o p ,   a  

c h e c k   v a l v e   127  b e n e a t h   t h e   l u b r i c a t i o n   p o r t ,   and  a  p a i r  

of  d u c t s   1 2 8 ,   129  w h i c h   l e a d   to   a  l a r g e   p i s t o n   130  a n d  

a  s m a l l   p i s t o n   1 4 0 ,   r e s p e c t i v e l y ,   o f   t h e   i n t e n s i f i e r .  

The  l u b r i c a n t   c i r c u i t   w h i c h   i s   shown   c o m p l e t e l y   o n l y  

.  i n   F i g u r e   6  i s   an  o p t i o n a l   f e a t u r e   of   t h e   a p p a r a t u s .  

I t s   f u n c t i o n ,   i n   a d d i t i o n   to   r e d u c i n g   f r i c t i o n   in   t h e  

c a s e   of   some  f u e l s   a l s o   s e r v e s   to   b l o c k   l e a k a g e   of  f u e l  

o i l   p a s t   t h e   p i s t o n s   130  and   1 4 0 .  

P a r a g r a p h   5.  The  l a r g e   and   s m a l l   p i s t o n s   1 3 0  

and   140  of   t h e   h y d r a u l i c   i n t e n s i f i e r   a r e   shown  i n  

F i g u r e s   5a ,   6 ,  7   and   9.  The  l a r g e   p i s t o n   130  i s   h o l l o w ,  

in   t h e   f o r m   of  an  i n v e r t e d   cup   and   m o v e s   a x i a l l y   in   a  

c y l i n d r i c a l   b o r e   f o r m e d   i n   a  c h a m b e r   145 .   The  s m a l l  

p i s t o n   o r   r o d   140  moves   a x i a l l y   in   i t s   own  b o r e .   T o  

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

p i s t o n   m e m b e r s   a r e   n o t   f a s t e n e d ,   b u t   do  r e m a i n   i n  

c o n t a c t   a t   s u b s t a n t i a l l y   a l l .   t i m e s .   The  b a s e   member   o r  
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b l o c k   110  c o n t a i n s   t he   l a r g e   bo re   145  f o r   t he   l a r g e   p i s -  

t o n   130  of  t h e   i n t e n s i f i e r ,   and  a l s o   an  a n n u l a r   g r o o v e  

128a  s p a c e d   a l o n g   t he   bo re   145  w h i c h   c a r r i e s   l u b r i c a t i n g  

o i l   as  p r e v i o u s l y   m e n t i o n e d .  

P a r a g r a p h   6.  A  s m a l l e r   b l o c k   111  i s   p o s i t i o n e d  

i m m e d i a t e l y   b e n e a t h   and  f i r m l y   a b u t t i n g   the   b i g   b l o c k   1 1 0  

of  t he   c o n t r o l   m o d u l e .   See  F i g u r e s   5a ,   6 ,  7   and  9.  T h e  

a x i a l   b o r e   112  i n   w h i c h   the   rod   or   s m a l l   p i s t o n   r e c i p -  

r o c a t e s   a l s o   c o n t a i n s   i t s   a n n u l a r   l u b r i c a t i n g   g r o o v e   1 2 9 a  

as  s e e n   in   t h e   v a r i o u s   F i g u r e s .   A l s o   c o n t a i n e d   i n   t h e  

b l o c k   111  as  s h o w n   in   F i g u r e   5a  a re   m e t e r i n g   d u c t   1 1 8 a  

and  c h e c k   v a l v e   1 1 9 .   Duc t   118a   i s   a l i g n e d   to   c o m m u n i c a t e  

the   d u c t   118  i n   b l o c k   110  w i t h   a  c h a m b e r   150  b e l o w   p i s t o n  

1 4 0 .  

P a r a g r a p h   7.  The  s t r u c t u r a l   d e t a i l s   of   c h e c k  

v a l v e   119  i n   t h e   m e t e r i n g   d u c t   a re   shown  in  F i g u r e   9 .  

P a r a g r a p h   8.  The  c h a m b e r - 1 5 0   b e n e a t h   p i s t o n  

140  c o n s t i t u t e s   a  m e t e r i n g   and  i n t e n s i f y i n g   c h a m b e r .   S e e  

F i g u r e   5a.   A  w a s h e r   151  i s   l o c a t e d   a t   t h e   b o t t o m   end   o f  

the   m e t e r i n g   c h a m b e r .   T h e r e   i s   a  r e c e s s   in  b l o c k   111  

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

d i a m e t e r ,   and  t h e   w a s h e r   f i t s   in   t h a t   r e c e s s .   The  w a s h e r  

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

t h a n   t h e   m e t e r i n g   c h a m b e r .   The  m e t e r i n g   d u c t   1 1 8 a  

c o n v e r g e s   i n t o   t h e   m e t e r i n g   c h a m b e r   150  i m m e d i a t e l y  

a d j a c e n t   t h e   w a s h e r .  

P a r a g r a p h   9.  A  d o w e l   p i n   155  c l e a r l y   s h o w n  

o n l y   in   F i g u r e   5a  p o s i t i v e l y   a l i g n s   t h e   two  b l o c k s   1 1 0 ,  

111  of  t he   c o n t r o l   m o d u l e   so  t h a t   t h e   two  p a r t s  1 1 8 ,  

118a ,   of  t he   m e t e r i n g   d u c t   a re   in   f u l l   c o m m u n i c a t i o n  

w i t h   e a c h   o t h e r .   The  same  dowe l   p i n   155  i s   of  a  l e n g t h  

to  a l s o   e x t e n d   b e l o w   the   b l o c k   111  a  s h o r t   d i s t a n c e   i n t o  

the   u p p e r   end   of  t h e   ma in   body   of  t h e   a c c u m u l a t o r   1 6 0 .  

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

to  be  d e s c r i b e d   l a t e r ,   i s   n e c e s s a r y   to   e s t a b l i s h   t h e  

c o r r e c t   r o t a t i o n a l   p o s i t i o n   of  the   s p r a y   o r i f i c e s  

r e l a t i v e   to   t h e   l o n g i t u d i n a l   a x i s   of  t he   a c c u m u l a t o r  

i n j e c t o r   a s s e m b l y .  
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P a r a g r a p h   10.   The  p a r t s   w h i c h   have   now  b e e n  

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

c o n t r o l   m o d u l e .   A  hex   n u t   157  w h i c h   h o l d s   t h e   t w o  

b l o c k s   110  and   111  t o g e t h e r   i s   d e s c r i b e d   b e l o w .  

P a r a g r a p h  1 1 .   C o n t a i n e d   w i t h i n   a  c y l i n d r i c a l  

b o r e   a t   t h e   u p p e r   end   of  t h e   a c c u m u l a t o r   b o d y   160  i s   a  

s p r i n g   s e p a r a t o r   1 7 0 .   The  d i a m e t e r   of   t h e   b o r e   h o l d i n g  

t h i s   s p r i n g   s e p a r a t o r   170  i s   s i z e d   to   t i g h t l y   r e c e i v e  

i t   and   t h e   end   of   t h e   b o r e   h a s   a  f l a t   s h o u l d e r   to   p e r m i t  

t h e   p i e c e   170  to   m a i n t a i n   an  a n n u l a r   s e a l i n g   c o n t a c t .  

The  l e n g t h   of  t h i s   s e p a r a t o r   p i e c e   170  i s   s u c h   t h a t  

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

w i t h   t h e   end   s u r f a c e   of   t h e   b o d y   160 .   T h u s   when   t h e  

n u t   157   c l a m p s   b o d y   160  a g a i n s t   t h e   b l o c k   111  t h e   s p r i n g  

s e p a r a t o r   170  i s   r i g i d l y   f i x e d   w i t h i n   t h e   b o d y   160  b e a r i n g  

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

i t s e l f .  

P a r a g r a p h . 1 2 .   A  T - v a l v e   1 8 0 ,   s m a l l e r ,   b u t  

s i m i l a r   i n   s h a p e   t o   t h e   s p r i n g   s e p a r a t o r   170  i s   s h o w n  

i n   F i g s .   5 a ,  7   and   9  l o o s e l y   i n s e r t e d   w i t h i n   t h e  

s e p a r a t o r   p i e c e   170  i n   an  i n v e r t e d   p o s i t i o n   r e l a t i v e  

t o   p i e c e   1 7 0 .   A  r a d i a l   c l e a r a n c e   b e t w e e n   t h e   two  p i e c e s  

170  a n d   180  of  a p p r o x i m a t e l y   0 . 0 2 5 4   cm.  p e r m i t s   a  d o w n -  

w a r d   f l o w   of   f u e l   a r o u n d   t h i s   T - v a l v e .   The  t o p   or   e n d  

w a l l   o f   t h i s   v a l v e   p i e c e   180  h a s   a  c e n t r a l   o p e n i n g   1 8 5  

to   r e c e i v e   t h e   u p p e r   end   of   a  n e e d l e   v a l v e   m e m b e r   1 9 0 .  

The  d i a m e t e r   of   t h i s   o p e n i n g   185  i s   a p p r o x i m a t e l y   0 . 3 1 0  

cm.  R e l a t i v e   s l i d i n g   o c c u r s   b e t w e e n   t h e   n e e d l e   190  a n d  

t h e   T - v a l v e   1 8 0 ,   b u t   t h e   c l e a r a n c e   b e t w e e n   t h e   two  p a r t s  
i s   k e p t   t o   a  m i n i m u m .   On  t h e   u p p e r   s u r f a c e   of   t h e  

T - v a l v e ,   i . e . ,   t h e   b o t t o m   of  t h e   c u p ,   t h e r e   i s   a  r e c e s s  

187  w h i c h   i s   c l e a r l y   shown  in   F i g u r e s   5 a ,  7   a n d   9 .  

P a r a g r a p h   13.   I t   i s   i m p o r t a n t   t h a t   t h e  

c e n t r a l   h o l e   152  t h r o u g h   t h e   w a s h e r   151  be  of  s m a l l e r  

d i a m e t e r   t h a n   t h e   u p p e r   end   of  t h e   n e e d l e   v a l v e   m e m b e r  

190  b e c a u s e   t h e   w a s h e r   151  a c t s   as   a  s t o p   or   b u m p e r   f o r  

t h e   m e m b e r   1 9 0 .   I t   c o u l d   n o t   p e r f o r m   t h a t   f u n c t i o n   i f  
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t he   c e n t r a l   o p e n i n g   we re   b i g   e n o u g h   to   a l l o w   the   n e e d l e  

v a l v e   to  e n t e r .  A n o t h e r   s i z e   r e l a t i o n s h i p   i s   t h a t   of  t h e  

d e p t h   of  t he   r e c e s s   187  on  the   u p p e r   s u r f a c e   of  t h e  

n e e d l e   v a l v e   and  t h e   t h i c k n e s s   of  t he   w a s h e r   151 .   T h e  

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

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

r e c e s s   due  to   t h e   g r e a t e r   d i a m e t e r   of  t h e   r e c e s s   187  t h a n  

the   d i a m e t e r   of  t h e   w a s h e r   151 .   The  r e a s o n   f o r   t he   l a r g e  

d i a m e t e r   of  t he   r e c e s s   187  i s   t h a t   a  r e l a t i v e l y   n a r r o w  

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

the   T - v a l v e .   The  n a r r o w   l i p   182  ( F i g u r e   7)  e n s u r e s   a  

h i g h   u n i t   p r e s s u r e   when   t he   T - v a l v e   i s   c l o s e d ,   a n d  

p r o v i d e s   an  e f f e c t i v e   s e a l   w i t h   t he   b o t t o m   f a c e   o f  

b l o c k   111 .   In   t h e   p r e s e n t   e m b o d i m e n t   t h e   d i a m e t e r - o f  

t he   e n t i r e   T - v a l v e   i s   a b o u t   0 . 9 7 8   cm,  w h i l e   t h e   r a d i a l  

t h i c k n e s s   of  t h e   s e a l i n g   l i p   i s   a b o u t   0 . 0 5 3   c m .  

P a r a g r a p h   14 .   A  s m a l l   s p r i n g   200  shown  i n  

F i g u r e s   5 a ,  7   and   9  w o r k s   in   c o n j u n c t i o n   w i t h   t he   T - v a l v e  

as  p a r t   of  the   same  m e c h a n i s m .   T h i s   i s   a  r e l a t i v e l y  

l i g h t   s p r i n g   e x e r t i n g   a  s m a l l   f o r c e .   I t s   l o w e r   e n d  

s e a t s   on  the   s p r i n g   s e p a r a t o r   170  w h i l e   i t s   u p p e r   e n d  

s e a t s   on  t he   u n d e r   s u r f a c e   of  the   h o r i z o n t a l   w a l l   o f  

the   T - v a l v e   m e m b e r   1 8 0 .  

P a r a g r a p h   15.   R e f e r e n c e   i s   now  made  to  t h e  

n e e d l e   v a l v e   m e m b e r   190  as   shown  in   F i g u r e s   5a ,   5b,   7 ,  
8  and  9.  An  a c c u m u l a t o r   t i p   165  p r o v i d e s   an  e x t e n s i o n  

of  t he   l o w e r   end  of   a c c u m u l a t o r   body   160 .   N e e d l e   v a l v e  

member   190  i s   an  i n t e g r a l   m e m b e r   e x t e n d i n g   a l m o s t   t h e  

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

192  on  the   l o w e r   end   of   v a l v e   member   190  e n g a g e s   a  

h e m i s p h e r i c a l   v a l v e   s e a t   166 ,   as  shown  i n   F i g u r e   8.  T h e  

r a d i u s   of  the   v a l v e   f a c e   192  of  t he   v a l v e   m e m b e r   190  i s  

k e p t   s l i g h t l y   l e s s   t h a n   t h e   r a d i u s   of  t he   v a l v e   s e a t   1 6 6  

(o f   t he   o r d e r   of  1%  l e s s ) .   The  n e e d l e   v a l v e   m e m b e r   1 9 0  

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

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

192  i s   f o r m e d ,   and  an  a n n u l a r   f l a n g e   195  ( F i g .   5 a )  

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

s e a t   166  i s   s m a l l e r   t h a n   t h e   d i a m e t e r   above   t h e   f l a n g e  

1 9 5 .   See  F i g u r e   8  .   T h i s   i s   n e c e s s a r y   to   c r e a t e   a  n e t  

p r e s s u r e   l o a d i n g   on  n e e d l e   v a l v e   190  f o r   l i f t i n g   t h e  

n e e d l e   v a l v e   190  o f f   i t s   s e a t   when  f u e l   i n j e c t i o n   i s   t o  

c o m m e n c e .   The  l e n g t h   of   t h e   n e e d l e   v a l v e   m e m b e r   r e l a t i v e  

to   t h e   a c c u m u l a t o r   b o d y   i s   a l s o   c r i t i c a l .   T h a t   i s ,   a s  

s h o w n   i n   F i g u r e s   5a  and   5b,   when  the   v a l v e   m e m b e r   1 9 0  

i s   s e a t e d   on  i t s   v a l v e   s e a t   166  a t   t h e   l o w e r   e x t r e m i t y  

of  t h e   a c c u m u l a t o r   b o d y ,   t h e   u p p e r   end  194  of   t h e   n e e d l e  

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

p r e v i o u s l y   d e s c r i b e d   w a s h e r   151 .   T h i s   d i s t a n c e   i s   a b o u t  

0 . 0 4 1   cm,  i n   t h e   p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t .  

P a r a g r a p h  1 6 .   R e f e r e n c e   i s   n o w  m a d e   t o   t h e  

b o t t o m   w a s h e r   205  s e e n   o n l y   in   F i g u r e   5a .   The  a c c u m u -  

l a t o r   b o d y   160  h a s   a  c h a n g e   in   t h e   d i a m e t e r   of   i t s  

i n t e r n a l   o p e n i n g   a t   a  p o i n t   i m m e d i a t e l y   b e l o w   w h e r e   t h e  

a n n u l a r   f l a n g e   195  of  t h e   n e e d l e   v a l v e   m e m b e r   190  i s  

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

s h o u l d e r   161  w i t h i n   t h e   a c c u m u l a t o r   b o d y .   The  b o t t o m  

w a s h e r   205  r e s t s   on  t h e   a n n u l a r   f l a n g e   195  of  t h e   n e e d l e  

v a l v e   m e m b e r .   T h e r e   i s   s u b s t a n t i a l   c l e a r a n c e   b e t w e e n  

t h e   a c c u m u l a t o r   b o d y   160  and   t he   a n n u l a r   f l a n g e   195  o f  

t h e   v a l v e   m e m b e r   1 9 0 .   A  c l e a r a n c e   i s   a l s o   m a i n t a i n e d  

b e t w e e n   t h e   w a s h e r   205  and   t he   a c c u m u l a t o r   b o d y .   T h i s  

c l e a r a n c e   i s   n e c e s s a r y   i n   o r d e r   to   a l l o w   a  d o w n w a r d  

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

f e r e n c e   of   t h e   n e e d l e   v a l v e   m e m b e r ,   and   of  t h e   w a s h e r .  

P a r a g r a p h   17.   A  l a r g e   s p r i n g   210  s h o w n   i n  

F i g u r e s   5 a ,  7   and   9  e x t e n d s   b e t w e e n   t h e   l o w e r   w a s h e r   2 0 5  
and   t h e   s p r i n g   s e p a r a t o r   1 7 0 .   I t   n o r m a l l y   h o l d s   t h e  

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

s p r i n g   210  h a s   a  much  h i g h e r   s p r i n g   f o r c e   t h a n   t h e  

s m a l l   s p r i n g   200  a s s o c i a t e d   w i t h   t he   T - v a l v e .   S p r i n g  
200  i s   s m a l l   to   r e d u c e   t h e   p r e s s u r e   d r o p   a c r o s s   t h e  

T - v a l v e .  
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P a r a g r a p h   18.  The  a c c u m u l a t o r   t i p   165  o f  

F i g u r e s   3  and   5b,  i s   shown  in  an  e n l a r g e d   fo rm  in  F i g u r e  

8  w i t h   i t s   v a l v e   s e a t   166  and  r e p r e s e n t a t i v e   p a s s a g e s  

177  a c t i n g   as   n o z z l e   o r i f i c e s   f o r   t h e   f u e l   s p r a y s   1 7 6 .  

P a r a g r a p h   19.  A  l o w e r   d o w e l   p i n   167  i s   s h o w n  

o n l y   in   F i g u r e   5b.   I t   h o l d s   t h e   t i p   165  of  t h e   a c c u m u -  

l a t o r   o n t o   t h e   a c c u m u l a t o r   b o d y   160  i n   a  p r e d e t e r m i n e d  

r o t a t i o n a l   p o s i t i o n ,   so  t h a t   a  c o r r e c t   a l i g n m e n t   of  t h e  

s p r a y   o r i f i c e s   i s   e s t a b l i s h e d .  

P a r a g r a p h   20.  A  l o w e r   hex   n u t   168  i s   shown  i n  

F i g u r e   3,  and   in   c r o s s - s e c t i o n   i n   F i g u r e   5b.  I t   w o r k s  

in   a  f a s h i o n   s i m i l a r   to  t he   u p p e r   and   l a r g e r   hex   n u t  

157 ,   b u t   h o l d s   o n l y   two  body  m e m b e r s   t o g e t h e r   r a t h e r  

t h a n   t h r e e .  

The  i n j e c t o r   m o d u l e   i s   d e s i g n e d   to   be  m a n u -  

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

7.  OPERATION  OF  THE  SOIENOID  VALVE 

( F i g u r e s   5a,   9  and   1 0 )  

R e f e r r i n g   to  F i g u r e   5a ,   t h e   s o l e n o i d   v a l v e   3 0  

has   a  c o i l   w i n d i n g   34  w h i c h   r e c e i v e s   one  of  t h e   s q u a r e  

wave  v o l t a g e   p u l s e s   36  d u r i n g   e a c h   c y c l e   of  t h e   e n g i n e  

o p e r a t i o n .   E n e r g i z i n g   the   c o i l   34  c a u s e s   a  s o l e n o i d  

p l u n g e r   34a   to   move  a  s h o r t   d i s t a n c e   to   t h e   l e f t .   T h e  

p o s i t i o n   of   t h e   p l u n g e r   as  shown  i n   F i g u r e   5a  i s   i t s  

e x t r e m e   r i g h t h a n d   or   o u t e r   p o s i t i o n ,   and  t h a t   i s   c o n -  

s i d e r e d   t o   be  t he   c l o s e d   p o s i t i o n   of  t h e   t h r e e - w a y   v a l v e .  

W i t h   t he   p l u n g e r   in   t h e   p o s i t i o n   shown  i n  

F i g u r e   5a ,   l i q u i d   f u e l   w h i c h   e n t e r s   t h e   p o r t   3 1  c a n n o t  

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

s t o p p e d   by  a  b a l l   31a  w h i c h   i s   s e a t e d   on  i t s   v a l v e   s e a t .  

The  s u p p l y   p r e s s u r e   r e c e i v e d   a t   t h e   i n l e t   p o r t   31 

e n s u r e s   t h a t   b a l l   31a  w i l l   r e m a i n   s e a t e d   a g a i n s t   i t s  

v a l v e   s e a t .   T h u s ,   t h e r e   i s   no  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  

i n l e t   p o r t   31  and  e i t h e r   t he   d r a i n   p o r t   32  or   t he   common  
o u t l e t   p o r t   3 3 .  
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C o n c u r r e n t l y ,   t h e   s e a t e d   b a l l   31a  t h r o u g h   a  

p l u n g e r   e x t e n s i o n   34b  h o l d s   b a l l   32a  in   i t s   open   p o s i -  

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

f o r e ,   l i q u i d   f u e l   w h i c h   may  be  p r e s e n t   in   the   c o m m o n  

o u t l e t   p o r t   33  i s   f r e e   to   f l o w   t h r o u g h   t h e   a n n u l a r  

s p a c e   122  of  b l o c k   1 1 0 ,   i n t o   t r a n s v e r s e   p a s s a g e w a y   3 8  

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

c o r e   of  t h e   v a l v e   b o d y   and  a r o u n d   t h e   b a l l   32a .   F r o m  

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

p a s s a g e w a y   39  of   t h e   v a l v e ,   t h e n   t h e   a n n u l a r   s p a c e   1 2 4  

in   b l o c k   110  and   h e n c e   to   t h e   f l u i d   d r a i n   p o r t   32.  T h e  

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

32a   l i m i t   t h e   m o v e m e n t   of  b a l l   32a  as   shown   in   F i g u r e  

5a .   H e n c e ,   t h e r e   a r e   s p a c e s   b e t w e e n   t h e s e   f i n g e r s   w h i c h  

p e r m i t   t h e   f l u i d   t o   f l o w   b e t w e e n   t r a n s v e r s e   p a s s a g e   3 8  

and   t r a n s v e r s e   p a s s a g e   39  of  t he   v a l v e .  

The  o p e n   p o s i t i o n   w i t h   t h e   s o l e n o i d   v a l v e  

e n e r g i z e d   i s   s h o w n   i n   F i g u r e   9.  F u e l   e n t e r i n g   p o r t   31 

now  f l o w s   a r o u n d   t h e   b a l l   31a  i n t o   t h e   t r a n s v e r s e  

p a s s a g e w a y   38,   a n d   t h r o u g h   a n n u l a r   s p a c e   122  i n t o   c o m m o n  

o u t l e t   p o r t   33.   At  t h e   same  t i m e ,   b a l l   32a   i s   f i r m l y  

s e a t e d   on  i t s   r e s p e c t i v e   v a l v e   s e a t ,   t h u s   i n t e r r u p t 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   common  o u t l e t   p o r t   3 3  

and  t h e   d r a i n   p o r t   3 2 .  

8.  OPERATION  OF  THE  HYDRAULIC  I N T E N S I F I E R  

( F i g u r e s   5a ,   9  and  1 3 )  

I n   g e n e r a l ,   l i q u i d   f u e l   f r o m   t h e   common  s u p p l y  

l i n e   16  i s  a d m i t t e d   by  t h e   s o l e n o i d   v a l v e   30  i n t o   t h e  

common  o u t l e t   p o r t   33  d u r i n g   a  p o r t i o n   of  e a c h   e n g i n e  

c y c l e .   I t   t h e n   f l o w s   i n t o   low  p r e s s u r e   c h a m b e r   145 ,   a s  

b e s t   s e e n   i n   F i g u r e   9.  The  f i l l i n g   of  low  p r e s s u r e  
c h a m b e r   145  c a u s e s   t h e   l a r g e   or   l o w - p r e s s u r e   p i s t o n   1 3 0  

to  move  d o w n w a r d .   T h i s   m o t i o n   in   t u r n   f o r c e s   t he   r o d   o r  

h i g h - p r e s s u r e   p i s t o n   140  to  move  d o w n w a r d ,   and  r e d u c e  

t he   v o l u m e   of  t h e   m e t e r i n g   c h a m b e r   150  ( F i g .   5a)   u n d e r  

t h e   p i s t o n   1 4 0 .  
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When  t h e   v o l t a g e   p u l s e   36  e n d s ,   and  the   s o l e -  

n o i d   v a l v e   r e t u r n s   to   i t s   c l o s e d   p o s i t i o n   as  shown  i n  

F i g u r e   5a ,   t h e   o p e r a t i o n   i s   as  f o l l o w s .   L i q u i d   f u e l   a t  

t h e   common  r a i l   p r e s s u r e   f l o w s   f rom  s u p p l y   l i n e   1 6  

t h r o u g h   m e t e r i n g   d u c t   118  and  p a s t   t h e   c h e c k   v a l v e   1 1 9  

i n t o   m e t e r i n g   c h a m b e r   150 .   T h i s   p r e s s u r e   a p p l i e s   a  .  

f o r c e   to   t h e   r o d   or   c y l i n d e r   140  c a u s i n g   i t   to   m o v e  

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

v a l v e   h a s   o p e n e d   t he   p a s s a g e w a y   b e t w e e n   common  o u t l e t  

p o r t   33  and  d r a i n   p o r t   32,  c a u s i n g   t h e   f u e l   in   l o w  

p r e s s u r e   c h a m b e r   145  to   be  d r a i n e d   i n t o   t h e   f u e l   r e t u r n  

l i n e .   S i n c e   t he   p r e s s u r e   in   the   f u e l   r e t u r n   l i n e   i s   a t  

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

of  1 0 3 . 4   b a r s   (1500  p s i - t h e   common  s u p p l y   p r e s s u r e )  

a v a i l a b l e   to   d r i v e   b o t h   of  t he   p i s t o n s   1 3 0 ,   140  f rom  t h e i r  

l o w e r m o s t   p o s i t i o n s   as  shown  in   F i g u r e   9,  back   to   t h e i r  

u p p e r m o s t   p o s i t i o n s   as  shown  in   F i g u r e   5 a .  

I t   w i l l   be  n o t e d   t h a t   t h a t   t h e   h o l l o w   i n t e r i o r  

of  t h e   l a r g e   p i s t o n   130  p r o v i d e s   a  l a r g e   i n t e r n a l   s p a c e  
w h i c h   w i l l   r e c e i v e   f u e l   ( o r   l u b r i c a t i n g   o i l   i f   s a i d  

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

130  and  s m a l l   p i s t o n   140 .   A  s e r i e s   of   p a s s a g e w a y s   1 2 0  

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

t he   l o w e r   edge   of  b l o c k   110 ,   to   a n n u l a r   s p a c e   124  of  t h e  

b l o c k   1 1 0 ,   and  i n t o   t h e   f u e l   d r a i n   l i n e .   W i t h o u t   t h i s  

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

w o u l d   o c c u r .   C h e c k   v a l v e   121  shown  i n   F i g u r e s   5a  and  9  

p r e v e n t s   l i q u i d   f rom  f l o w i n g   in   t he   o p p o s i t e   d i r e c t i o n ,  

and  m a i n t a i n s   t h e   e f f e c t i v e n e s s   of  t h e   i n t e n s i f i e r .   T h u s  

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

120 ,   c h e c k   v a l v e   121 ,   and  a n n u l a r   s p a c e   1 2 4 .  

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

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

of  l u b r i c a t i n g   g r o o v e s   128a   and  1 2 9 a .   G r o o v e   1 2 8 a  

s u r r o u n d s   t he   l a r g e   p i s t o n   130  w h i l e   1 2 9 a   s u r r o u n d s  t h e  

s m a l l   p i s t o n   140 .   L u b r i c a t i n g   o i l   or   g r e a s e   h a v i n g   a  
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h i g h   v i s c o s i t y   i s   a d m i t t e d   i n t o   t he   p o r t   125  as   s h o w n  

in   F i g u r e   6  and  t h e n c e   t h r o u g h   c h e c k   v a l v e   127  and  d u c t s  

1 2 8 ,   129  to   t h e   r e s p e c t i v e   l u b r i c a t i n g   g r o o v e s .   T h e  

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

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

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

p e r h a p s   e v e n   more   i m p o r t a n t ,   i s   t o   p r e v e n t   or   g r e a t l y  

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

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

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

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

9.  OPERATION  OF  THE  METERING  CHAMBER 

( F i g u r e s   5 a ,  7   and  9 )  

When  t h e   h i g h   p r e s s u r e   p i s t o n   140  i s   i n   i t s  

m o s t   e l e v a t e d   p o s i t i o n   as   shown   i n   F i g u r e   5a ,   t h e  

m e t e r i n g   c h a m b e r   150  i s   t h e n   f u l l   of  l i q u i d   f u e l .   A s  

t h e   p i s t o n   140  m o v e s  u p w a r d   f u e l   u n d e r   p r e s s u r e   f l o w s  

f r o m   t h e   s u p p l y   l i n e   16  t h r o u g h   t he   e n t r y   p o r t   31  a n d  

m e t e r i n g   d u c t   118  and   p a s t   t h e   c h e c k   v a l v e   119  i n t o  

t h e   m e t e r i n g   c h a m b e r .   When  t h e   h i g h   p r e s s u r e   p i s t o n  

s t a r t s   t o   move  d o w n w a r d ,   h o w e v e r ,   t he   b a l l   v a l v e   1 1 9  

s e a t s   and   s e a l s ,   p r e v e n t i n g   any   f l o w   of  t h e   l i q u i d  

f u e l   i n   t h e   r e v e r s e   d i r e c t i o n   o u t   t h e   m e t e r i n g   d u c t   1 1 8 .  

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

t h e   l i n e   p r e s s u r e   ( a b o u t   1 0 3 . 4   b a r s )   i s   t r a p p e d   i n  t h e  

m e t e r i n g   c h a m b e r   1 5 0 .  

D u r i n g   s u b s e q u e n t   o p e r a t i o n   of  t h e   i n t e n s i f i e r ,  

t h e   p r e s s u r e   of   m e t e r i n g   c h a m b e r   150  i s   g r e a t l y   i n c r e a s e d  

to  a  p r e s s u r e   e q u a l   to   t h e   p r e s s u r e   on  t h e   l a r g e   p i s t o n  
t i m e s   t h e   a r e a   r a t i o   of  t h e   l a r g e   and  s m a l l   p i s t o n s .  

The  v o l u m e   of  c h a m b e r   150  r e d u c e s   as  t h e   p r e s s u r e   i n c r e a -  

s e s .   As  a  t y p i c a l   v a l u e ,   t h e   l e v e l   of  p r e s s u r e   of  t h e  

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

R e f e r e n c e   i s   now  made  to  F i g u r e   13  i l l u s t r a t i n g  
t h e   o p e r a t i o n   of  t h e   p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t   o f  
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the  i n v e n t i o n .   As  shown  in   F i g u r e   13,   a t   z e r o   m i l l i -  

s e c o n d s   or   j u s t   b e f o r e   t he   s o l e n o i d   30  o p e n s ,   t h e  

p r e s s u r e   in  t he   m e t e r i n g   or   h i g h   p r e s s u r e   c h a m b e r   1 5 0  

is   a b o u t   1 0 3 . 4   b a r s .  

O p e n i n g   of  t he   s o l e n o i d   v a l v e   30  c a u s e s   t h i s  

p r e s s u r e   l e v e l   to  r i s e   r a p i d l y   to  about  413.6  bars   ( 6 , 0 0 0  p s i ) .   The 
c o n t i n u i n g   o p e r a t i o n   of  t h e   i n t e n s i f i e r ,   w i t h   a d d i t i o n a l  

l i q u i d   f u e l   f l o w i n g   i n t o   t h e   low  p r e s s u r e   c h a m b e r   1 4 5 ,  

c a u s e s   t h e   p r e s s u r e   l e v e l   in   t h e   m e t e r i n g   c h a m b e r   t o  
r i s e   to  about   1 ,516 .4   bars   (22,000  p s i ) .   This  a c t i o n   t akes   p l a c e  

o v e r   a  p e r i o d   of  a p p r o x i m a t e l y   9  m i l l i s e c o n d s .   As  s h o w n  

in  F i g u r e   13,   t h e   T - v a l v e   o p e n s   when  the   p r e s s u r e   i n  

the   m e t e r i n g   c h a m b e r   r e a c h e s   a b o u t   4 1 3 . 6   b a r s ,   and  t h e  

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

a c c o u n t s   f o r   a  r e d u c e d   r a t e   of  p r e s s u r e   i n c r e a s e .   T h e  

r i s e   and   r a t e   of  r i s e   of  p r e s s u r e   i n s i d e   t he   m e t e r i n g  

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

f u e l ,   and   s i n c e   t he   c o m p r e s s i b i l i t y   of  t he   f u e l   i s   n o t  

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

10.  OPERATION  OF  THE  T-VALVE  AND  THE  NEEDIE  VALVE 

( F i g u r e s   5 a ,  7   and  9 )  

The  m o v e m e n t s   of  t h e   T - v a l v e   and  the   n e e d l e  

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

e a c h   o t h e r .   T h e  i n i t i a l   p o s i t i o n   i s   as  shown  i n  

F i g u r e s   5a  and  7,  w h e r e   b o t h   v a l v e s   a r e   c l o s e d ;   t h a t  

i s ,   t h e   T - v a l v e   i s   in   i t s   u p p e r m o s t   p o s i t i o n   so  t h a t  

i t s   l i p   182  i s   i n   s e a l i n g   r e l a t i o n s h i p   w i t h   t h e   l o w e r  

f a c e   of  b l o c k   111 .   At  the   same  t ime   the   n e e d l e   v a l v e  

member  190  i s   in   i t s   l o w e r m o s t   p o s i t i o n   so  t h a t   i t s  

v a l v e   f a c e   192  i s   s e a t e d   u p o n   t he   v a l v e   s e a t   166 ,   a s  

shown  in   F i g u r e   8 .  

The  f i r s t   of  t he   s e q u e n t i a l   a c t i o n s   to   t a k e  

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

p r e s s u r e   of  f u e l   in   the   m e t e r i n g   c h a m b e r   150  to   r i s e  

r a p i d l y   as  p r e v i o u s l y   m e n t i o n e d   a n d ,   as  shown  by  t h e  
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c u r v e   in   F i g u r e   13.   The  T - v a l v e   o p e n s   when  t he   p r e s s u r e  

in   m e t e r i n g   c h a m b e r   150  e x c e e d s   t h e   p r e s s u r e   in   t h e  

a c c u m u l a t o r   by  an  a m o u n t   w h i c h   i s   due  to  b o t h   t he   s p r i n g  

l o a d   on  t h e   T - v a l v e   and  t h e   g e o m e t r y   of  t he   s e a l i n g   l i p  

182 .   T h i s   i s   a p p r o x i m a t e l y   t h e   c l o s i n g   p r e s s u r e   ( a b o u t  

4 1 3 . 6   b a r s )   of   t h e   member   1 9 0 .   As  p r e v i o u s l y   m e n t i o n e d ,  

i t   i s   h e r e   a s s u m e d   t h a t   t h e   f u e l   s y s t e m   has   a l r e a d y  

b e e n   p r i m e d ,   and  t h a t   t he   d e s c r i p t i o n   i s   of  t he   c o n t i n u -  

i ng   o p e r a t i o n   of  t h e   s y s t e m   on  a  s t e a d y   s t a t e   b a s i s .   T h e  

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

t he   T - v a l v e   b e i n g   o p e n ,   w h i l e   t h e   n e e d l e   v a l v e   r e m a i n s  

c l o s e d   as   shown  in   F i g u r e   9.  As  i n d i c a t e d   by  t h e  

a r r o w s   i n   F i g u r e   9,  l i q u i d   f u e l   t h e n   f l o w s   d o w n w a r d  

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

or   h o u s i n g .  

The  n e x t   a c t i o n   to   t a k e   p l a c e   i s   t he   c l o s i n g  

of   t h e   T - v a l v e ,   r e t u r n i n g   b o t h   v a l v e   m e m b e r s   180  a n d  

190  to   t h e i r   i n i t i a l   p o s i t i o n s   a s , s h o w n   i n   F i g u r e s   5 a ,  

5 b ,  7   and   9.  T h i s   a c t i o n   i s   c a u s e d   by  t he   t u r n i n g   o f f  

of  t he   s o l e n o i d   v a l v e   30,  w i t h   t h e   r e s u l t a n t   p r e s s u r e  

d r o p   i n   t h e   low  p r e s s u r e   c h a m b e r   145  and  in   t u r n   in   t h e  

m e t e r i n g   c h a m b e r   1 5 0 .  

A l t h o u g h   t he   v a l v e   p o s i t i o n s   a r e   t he   same  a s  

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

now  s i g n i f i c a n t l y   d i f f e r e n t .   T h a t   i s ,   t he   i n t e r i o r  

of  t he   a c c u m u l a t o r   body   160  or  hous ing   has  been  c h a r g e d  

w i t h   an  a d d i t i o n a l   q u a n t i t y   of  l i q u i d   f u e l ,   r a i s i n g   i t s  

i n t e r n a l   p r e s s u r e   f r o m   a b o u t  4 1 3 . 6   b a r s   to   a b o u t   1 , 5 1 6 . 4  

b a r s .   As  a  r e s u l t ,   d i f f e r e n t i a l   p r e s s u r e   a c t i n g   i n s i d e  

t he   a c c u m u l a t o r   w i l l   c a u s e   t h e   n e e d l e   v a l v e   member   1 9 0  

to  be  r a i s e d   o f f   t h e   v a l v e   s e a t   1 6 6 .   A l t h o u g h   t h i s  

a c t i o n   i s   w e l l   known   in   t h e   p r i o r   a r t ,   i t   w i l l   b e  

b r i e f l y   s u m m a r i z e d   h e r e   as  w e l l .  

The  d i a m e t e r   of  n e e d l e   v a l v e   190  b e n e a t h   t h e  

f l a n g e   195  i s   s m a l l e r   t h a n   i t s   d i a m e t e r   above   t h a t   f l a n g e .  

I n t e r n a l   f l u i d   p r e s s u r e   a c t i n g   on  d i f f e r e n t i a l   a r e a s   a s  

p r e v i o u s l y   d e s c r i b e d   c r e a t e s   a  n e t   f o r c e   u p w a r d   on  t h e  
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n e e d l e   v a l v e   m e m b e r .   T h a t   f o r c e   m u s t   be  s u f f i c i e n t   t o  

o v e r c o m e   t he   f o r c e   of  l a r g e   s p r i n g   2 1 0 .   I t   m u s t ,   i n  

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

p r e s s u r e   a c t i n g   u p o n   the   u p p e r   end  s u r f a c e   194  of  t h e  

n e e d l e   v a l v e   m e m b e r .   In   t h i s   c o n n e c t i o n ,   r e f e r e n c e   i s  

made  to   t h e   b u c k i n g   a r r o w s   54  and  55  i n   F i g u r e   2,  w h i c h  

s c h e m a t i c a l l y   i l l u s t r a t e   t he   p r e s s u r e   c h a n g e s   t a k i n g  

p l a c e   a t   t he   t o p   end   of  t he   n e e d l e   v a l v e   m e m b e r  

( s c h e m a t i c a l l y   c h e c k   v a l v e   60  of  F i g .   2 ) .   The  d i f f e r e n -  

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

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

member   o c c u r s ,   and   f u e l   i n j e c t i o n   c o m m e n s e s   t h r o u g h  

the   h o l e s   177  i n   s p r a y   t i p   1 7 5 .  

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

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

I n t e r n a l   p r e s s u r e   i n s i d e   t he   a c c u m u l a t o r   q u i c k l y   f a l l s  

to   t he   c l o s i n g   p r e s s u r e   f o r   w h i c h   i t   was  d e s i g n e d ,  

a p p r o x i m a t e l y   4 1 3 . 6   b a r s ,   d e p e n d i n g   u p o n   t h e   f o r c e   o f  

t he   s p r i n g   210  and   o t h e r   d e s i g n   f a c t o r s .   The  n e e d l e  

v a l v e   m e m b e r   190  t h e n   r e t u r n s   to  i t s   c l o s e d   p o s i t i o n .  

The  s p h e r i c a l   s e a l i n g   s u r f a c e   192  on  m e m b e r   190  r e -  

e n g a g e s   s p h e r i c a l   s e a t   166 ,   t he   s e a t i n g   s t r e s s   b e i n g  

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

r e l a t i o n s h i p   b e t w e e n   s u r f a c e s   192  and  1 6 6 .   B o t h   v a l v e  

m e m b e r s   a re   a g a i n   i n   t h e i r   i n i t i a l   p o s i t i o n   as   s h o w n  

in  F i g u r e s   5a  and   7 .  

More  s p e c i f i c a l l y ,   t he   o p e n i n g   a c t i o n   of  t h e  

T - v a l v e   i s   as   f o l l o w s :   The  p r e s s u r e   in   m e t e r i n g  

c h a m b e r   150  i s   a p p l i e d   to  r e c e s s   187 ,   i . e . ,   t h e   e n t i r e  

c r o s s - s e c t i o n a l   a r e a   of  t he   T - v a l v e   m e m b e r   180  l e s s  

the   a r e a s   of  b o r e   d i a m e t e r   185  c o n t a i n i n g   t he   n e e d l e  

v a l v e   m e m b e r   1 9 0 ,   and  c i r c u m f e r e n t i a l   l i p   182 .   T h e  

p r e s s u r e   in   t h e   a c c u m u l a t o r   r e a c h e s   a  l a r g e r   a r e a ,   t h a t  

of  the   m e m b e r   180  l e s s   bo re   185 .   Hence   t h e   p r e s s u r e   i n  

m e t e r i n g   c h a m b e r   150  i s   i n i t i a l l y   a p p l i e d   to   a  s m a l l e r  

a r e a ,   and  m u s t   a l s o   o v e r c o m e   the   f o r c e   of  s p r i n g   2 0 0 .  

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

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

c e n t e r i n g   b e c a u s e   of  i t s   p a r t i c u l a r   c o n s t r u c t i o n .   T h a t  

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

t h e   o p e n i n g   in   t he   s p r i n g   s e p a r a t o r   170 .   S i m i l a r l y ,  

t h e   t - v a l v e   m e m b e r   180  a l s o   f i t s   l o o s e l y   i n s i d e   t h e  

s p r i n g   s e p a r a t o r   170 .   At  t h e   same  t i m e ,   t he   u p p e r  

end   s u r f a c e   194  of  t he   n e e d l e   v a l v e   i s   n o t   l a t e r a l l y  

r e s t r i c t e d   i n   any   way  by  t h e   w a s h e r   151  above   i t ,   or   b y  

t h e   l o w e r   f a c e   of  t he   b l o c k   1 1 1 .   T h u s ,   when  t h e   n e e d l e  

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

i t s e l f   on  t h e   v a l v e   s e a t   166  a t   t h e   l o w e r   end  of  t h e  

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

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

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

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

i t   to   f u n c t i o n   i n   t h i s   m a n n e r .   - 

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

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

s p r i n g   210 .   B e c a u s e   t he   v a l v e   f a c e   192  has   a  s l i g h t l y  

s m a l l e r   r a d i u s   t h a n   v a l v e   s e a t   166 ,   t h e   c l o s i n g   a c t i o n  

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

v a l v e   p a r t s .  

11 .   OPERATION  OF  THE  UNIT  INJECTOR  ASSEMBLY 

( F i g u r e s   2,  12  and   1 3 )  

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

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

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

s c h e m a t i c   d i a g r a m   of  F i g u r e   2 .  

Now  t h a t   t he   s p e c i f i c   m e c h a n i s m s   of  t h e   p r e -  
f e r r e d   e m b o d i m e n t   of  t he   u n i t   i n j e c t o r   a s s e m b l y   have   b e e n  

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

t h e r e o f ,   i t   i s   a p p r o p r i a t e   to   r e f e r   to  F i g u r e s   12  and  1 3  

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

t h e   d e v i c e   a t   5700  r p m .  
As  shown  in   F i g u r e   12,   t he   v o l t a g e   p u l s e   36  

c a u s e s   t h e   s o l e n o i d   v a l v e   to   o p e n ,   b u t   o n l y   a f t e r   a  d e l a y  
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of  a b o u t   3 .0   m i l l i s e c o n d s .   The  common  o u t l e t   p o r t   3 3  

had   p r e v i o u s l y   b e e n   b l e d   to   z e r o   p r e s s u r e   l e v e l   t h r o u g h  

t he   f l u i d   r e t u r n   p o r t   32.   The  i n w a r d   f l o w   of  f u e l   f r o m  

t h e   i n l e t   31  c a u s e s   i t s   p r e s s u r e   to  i n i t i a l l y   r i s e  

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

to   p e r f o r m   work   in   m o v i n g   t h e   l a r g e   p i s t o n   130  of  t h e  

h y d r a u l i c   i n t e n s i f i e r   d o w n w a r d .   Thus  as  shown  in   F i g u r e  

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

r a n g e   of   m o v e m e n t ,   t h e   p r e s s u r e   in  t he   low  p r e s s u r e  
c h a m b e r   145  r i s e s   to   t h e   l e v e l   of  the   s u p p l y   p r e s s u r e  
( a b o u t   1 0 3 . 4   b a r s ) .   E v e n   b e f o r e   t h i s   a c t i o n   i s   c o m p l e t e d ,  

t he   v o l t a g e   p u l s e   e n d s   and   a f t e r   a  d e l a y   of  a b o u t   2 . 3  

m i l l i s e c o n d s   the   s o l e n o i d   v a l v e   c l o s e s .  

C l o s i n g   of  t h e   s o l e n o i d   v a l v e   c a u s e s   t h e  

T - v a l v e   to   c l o s e .   The  p r e s s u r e   in   t he   h i g h   p r e s s u r e  
c h a m b e r   1 5 0 ,   w h i c h   i s   a l s o -   t h e   p r e s s u r e   a p p l i e d   to   t h e  

u p p e r   e n d   s u r f a c e   194  of   t h e   n e e d l e   v a l v e ,   d r o p s   s h a r p l y  

( s e e   F i g u r e   1 2 ) .   The  a c c u m u l a t o r   p r e s s u r e   d r o p s   r a p i d l y ,  

b u t   l e s s   so .   The  d i f f e r e n t i a l   b e t w e e n   t h e s e   two  p r e s -  

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

i t   u p w a r d   a g a i n s t   t h e   f o r c e   of  b i g   s p r i n g   210 .   N e a r  

t h e   u p p e r   p a r t   of  F i g u r e   12  i s   shown  the   a c t u a l   m o t i o n  

or   d i s p l a c e m e n t   of  t h e   n e e d l e   v a l v e   member   190 .   A s  

shown  t h e r e ,   t he   maximum  d i s p l a c e m e n t   of  t he   n e e d l e   i s  

o n l y   a  l i t t l e   o v e r   0 . 4 0   mm  ( 0 . 0 1 6   i n c h ) ,   b e c a u s e   t h a t  

i s   t h e   s p a c i n g   b e t w e e n   t h e   u p p e r   end  of  t he   n e e d l e   v a l v e  

m e m b e r   and   the   w a s h e r   151  w h i c h   a c t s   as  a  b u m p e r   t o  

l i m i t   n e e d l e   m o v e m e n t .  

A  v e r y   s m a l l   d i s p l a c e m e n t   of  t he   n e e d l e   i s  

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

t he   o r i f i c e s .   The  u p p e r m o s t   c u r v e   in   F i g u r e   1 2  

i l l u s t r a t e s   an  e x a m p l e   o f  t h e   r a t e   a t   w h i c h   f u e l   i s  

i n j e c t e d   i n t o   t he   c o m b u s t i o n   c h a m b e r   of  an  e n g i n e  

c y l i n d e r .  
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12.   TIMING  THE  I N J E C T I O N  

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

by  t h e   end   of   v o l t a g e   p u l s e   36,  w h i c h   c a u s e s   s o l e n o i d  

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

m e n t i o n e d   t i m e   d e l a y   of  a b o u t   2 .3   m i l l i s e c o n d s .   T h e  

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

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

The  t i m e   d u r a t i o n   r e q u i r e d   f o r   t h e   f u e l  

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

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

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

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

or   c o n t r o l l e d   f r o m   some  e x t e r n a l   s o u r c e .  

13 .   ADJUSTING  (CONTROLLING)THE  FUEL  CHARGE 

Once  t h e   f u e l   s y s t e m   i s   p r i m e d   and   t h e   e n g i n e  

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

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

c o n d i t i o n s   as   s h o w n   by  t h e   c u r v e s   in   F i g u r e s   12  and  1 3 .  

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

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

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

d e s i g n e d .   Upon  t h e   n e x t   a c t u a t i o n   of  t h e   h y d r a u l i c  

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

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

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

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

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

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

c h a m b e r   i n t o   t h e   a c c u m u l a t o r .   For   e x a m p l e ,   a  t y p i c a l  

f u e l   c h a r g e   i s   30  c u b i c   m i l l i m e t e r s   a t   a t m o s p h e r i c  

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

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

h e l d   i n   t he   m e t e r i n g   c h a m b e r   150  and  t h e   m e t e r i n g   d u c t  

118b   w h i c h   e x t e n d s   b e t w e e n  c h a m b e r   150  and   c h e c k  
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v a l v e   119 .   When  t h i s   p r e d e t e r m i n e d   f u e l   c h a r g e   p a s s e s  

i n t o   t he   a c c u m u l a t o r ,   i t   may  i n c r e a s e   t he   t o t a l   q u a n t i t y  

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

f i v e   p e r c e n t .   T h i s   i s   made  p o s s i b l e   by  the   c o m p r e s s i -  

b i l i t y   of  t he   f u e l .   Fo r   e x a m p l e ,   t h e   i n t e r n a l   c a p a c i t y  

of  the   a c c u m u l a t o r   may  be  700  c u b i c   m i l l i m e t e r s   ( i . e . ,  

700  x  .05  =  35  c u b i c   m i l l i m e t e r s ) .   S i n c e   an  o p e r a t i n g  

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

t he   q u a n t i t y   of  t h e   f u e l   c h a r g e   i n j e c t e d   f rom  the   a c c u -  

m u l a t o r   i n t o   t h e   c o m b u s t i o n   c h a m b e r   w i l l   be  a l m o s t  

p r e c i s e l y   t he   same  as  the   q u a n t i t y   t h a t   was  t r a n s f e r r e d  

f rom  the   m e t e r i n g   c h a m b e r   i n t o   t h e   a c c u m u l a t o r .  

When  i t   i s   d e s i r e d   to   c h a n g e   the   p o w e r   a n d /  

or   s p e e d  o f   t h e   e n g i n e ,   p o s i t i v e   c o n t r o l s   m u s t   b e  

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

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

q u a n t i t y   of  f u e l   c h a r g e   i s   by  a d j u s t i n g   t he   s u p p l y  

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

c o n n e c t i o n   w i t h   t h e   e l e c t r i c a l   c o n t r o l   s y s t e m   78  a n d  

i t s   o u t p u t   l i n e   90  t h a t   c a r r i e s   s i g n a l s   to  t he   r a i l  

p r e s s u r e   r e g u l a t o r   1 5 .  

The  q u a n t i t y   of  f u e l   c h a r g e   may  a l s o   b e  

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

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

i s ,   t h e   s t a r t   of  t h e   v o l t a g e   p u l s e   36  c an   be  a d v a n c e d  

or   r e t a r d e d .   In   g e n e r a l ,   t he   v o l t a g e   p u l s e   c o m m e n c e s  

an  a p p r e c i a b l e   p o r t i o n   of  t he   e n g i n e   c y c l e   in   a d v a n c e  

of  the   t i m e   when   i n j e c t i o n   i s   to   o c c u r ,   and  t h e  

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

150  f o r   a t   l e a s t   s e v e r a l   m i l l i s e c o n d s .   See  F j g u r e  1 1 ,  

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

i n d i c a t e   t h a t   t he   p o i n t   of  c o m m e n c e m e n t   of  the   v o l t a g e  

p u l s e   36  i s   s u b j e c t   to   a d j u s t m e n t .   In   t h a t   c o n n e c t i o n  

i t   w i l l   be  n o t e d   f rom  the   p a r t i c u l a r   e x a m p l e   of  F i g u r e  
12  t h a t   a  t i m e   i n t e r v a l   of  a b o u t   9  m i l l i s e c o n d s   i s  

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

maximum  d i s p l a c e m e n t ,   and  a  t i m e   i n t e r v a l   of  a b o u t   1 0  
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m i l l i s e c o n d s   i s   r e q u i r e d   f o r   t he   low  p r e s s u r e   p i s t o n   t o  

r e t u r n   t o   i t s   i n i t i a l   p o s i t i o n .   F l u i d   p r e s s u r e   i n  

t he   low  p r e s s u r e   c h a m b e r   145  r e m a i n s   a t   a  low  p r e s s u r e  

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

u p p e r   p o s i t i o n ;   t h e n   t h e   p r e s s u r e   in   c h a m b e r   145   a n d  

common  o u t p u t   t e r m i n a l   33  d r o p s   to  z e r o .   T h e r e   f o l l o w s  

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

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

a r e   n o t   b e i n g   u t i l i z e d .   I n c r e a s i n g   or   d e c r e a s i n g   t h i s  

u n u s e d   t i m e   i n t e r v a l   a l s o   i n v o l v e s   a  c o n c u r r e n t   d e c r e a s e  

or   i n c r e a s e   in   t h e   p e r i o d   of   t ime   t h a t   t h e   s o l e n o i d  

v a l v e   i s   o p e n .   By  m a k i n g   t h i s   a d j u s t m e n t   to   t h e l e n g t h  

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

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

o p e r a t e   c a n   i n   t u r n   be  i n c r e a s e d   or  d e c r e a s e d ,   and   t h e  

q u a n t i t y   of   t h e   f u e l   c h a r g e   p r o d u c e d   by  i t   c a n   be  a d j u s -  

t e d   a c c o r d i n g l y .  

In   a d d i t i o n   t o   a d j u s t i n g   the   f u e l   c h a r g e  

by  a d j u s t i n g   t h e   l e v e l   of   t h e   r a i l   p r e s s u r e ,   h y d r a u l i c  

c o n t r o l   may  a l s o   be  a c h i e v e d   by  p l a c i n g   a  v a r i a b l e  

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

m a g n i t u d e   of   t h a t   r e s t r i c t i o n .   A l t e r n a t i v e l y ,   b o t h  

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

F u r t h e r m o r e ,   by  m e a n s   of  the   m i c r o p r o c e s s o r  

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

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

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

w i t h   e a c h   o t h e r ,   in   v a r y i n g   d e g r e e s ,   as   d e s i r e d .  

14 .   OPTIMIZING  ENGINE  PERFORMANCE 

An  i n h e r e n t   f e a t u r e   of  the   f u e l   s u p p l y   s y s t e m  

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

c o n s t a n t   t h r o u g h o u t   t h e   e n t i r e   e n g i n e   c y c l e ,   so  t h a t  

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

i d l i n g   t h e   t i m i n g   c y c l e   of  t h e   e l e c t r i c a l   c o n t r o l   s y s t e m  

can   be  c h a n g e d   so  t h a t   i t   c o i n c i d e s   w i t h   an  i n t e g r a l  

m u l t i p l e   of  the   n o r m a l   n u m b e r   of  c r a n k s h a f t   r e v o l u t i o n s .  

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

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

f o u r t h   as   o f t e n   as  the   b a s i c   o p e r a t i n g   c y c l e .   T h e s e  

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

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

o n l y   once   d u r i n g   an  o p e r a t i n g   c y c l e .  

T h i s   mode  of  o p e r a t i o n   n o t   o n l y   s a v e s   f u e l ,  

b u t   r e d u c e s   the   a m o u n t   of  e x h a u s t   p o l l u t a n t s .  

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

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

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

d i f f e r e n t l y   f rom  e a c h   o t h e r .   T h a t   i s ,   f o r   e x a m p l e ,   i n  

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

u n i t   may  be  t u r n e d   on  f o r   9  m i l l i s e c o n d s ,   w h i l e   i n   t h e  

s e c o n d   c y l i n d e r   t he   h y d r a u l i c   i n t e n s i f i e r   may  be  t u r n e d  

on  f o r   92  m i l l i s e c o n d s ,   and   in   t h e   t h i r d   c y l i n d e r   f o r  

o n l y   8 t   m i l l i s e c o n d s .   T h i s   m e t h o d   of   c o n t r o l   m a k e s   i t  

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

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

t h e   common  f u e l   s u p p l y ,   to   a c c o m p l i s h   a  " f i n e   t u n i n g "  

a c t i o n .   T h i s   c o m p e n s a t e s   f o r   any   d i f f e r e n c e s   b e t w e e n  

the   c y l i n d e r s   in   o r d e r   to   g i v e   them  a  b a l a n c e d   o p e r a t i o n  

and  i m p r o v e   t he   o v e r a l l   e f f i c i e n c y   and   e c o n o m y   of  t h e  

e n g i n e   o p e r a t i o n .  

15.  CONTROL  CHARACTERISTICS 

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

p r e v i o u s l y   a re   u t i l i z e d   in   p e r f o r m i n g   the   e n g i n e   g o v e r n i n g  

f u n c t i o n s .   Maximum  s p e e d   g o v e r n i n g ,   f o r   e x a m p l e ,   r e d u c e s  

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

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

Petitioner Ex. 1013, p. 34
                   Robert Bosch et al v. Westport

                    IPR2023-00293



s y s t e m .   In   a  s i m i l a r   m a n n e r   t h e   p u l s e   g e n e r a t o r   i n  

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

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

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

or   d e c r e a s e   f u e l   d e l i v e r y   to   d e c r e a s e   e n g i n e   s p e e d .  

T h u s   a  s e l e c t e d   min imum  s p e e d   o r   any   s p e e d   w i t h i n   t h e  

o p e r a t i n g   r a n g e   of   t h e   e n g i n e   may  be  g o v e r n e d .  

A  sequence   of  e l e c t r o n i c   t im ing   s i g n a l s   is   g e n e r a t e d ,   and  i s  

r e p e a t e d   once   e a c h   e n g i n e   c y c l e .   When  s h i f t i n g   to   t h e  

i d l i n g   mode ,   t h e   t i m e   o c c u p i e d   by  t h e   s e q u e n c e   of   s i g n a l s  

i s   m u l t i p l i e d   by  an  i n t e g r a l   n u m b e r ,   b u t   the   r e l a t i v e  

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

16 .   ALTERNATIVE  FORMS 

Many  v a r i a t i o n s   a r e   p o s s i b l e   i n  t h e   d e t a i l s  

of  t h e   m e c h a n i s m s   t h a t   a r e   i l l u s t r a t e d   in   F i g u r e s   3  

t h r o u g h   10 ,   i n c l u s i v e .   F u r t h e r m o r e ,   in   a c c o r d a n c e   w i t h  

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

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

may  n o t   d e p e n d   u p o n   t he   s p e c i f i c   t y p e   of   u n i t   i n j e c t o r  

a s s e m b l y   t h a t   i s   s c h e m a t i c a l l y   d e s c r i b e d   in   F i g u r e   2 .  

F o r   e x a m p l e ,   t h e   pump  12  may  be  of  t h e  

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

w h i c h   p r e s s u r e   r e g u l a t o r   15  w o u l d   n o t   be  r e q u i r e d .  

I t   w i l l   a l s o   be  u n d e r s t o o d   t h a t   F i g u r e s   1 2  

and   13  i l l u s t r a t e   t h e   o p e r a t i o n   of   t h e   i n v e n t i o n   u n d e r  

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

o p e r a t i n g   s p e e d   and   t he   d e s i g n   p a r a m a m e t e r s   of  t h e  

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

t i o n   in   t h e   o p e r a t i o n .  

The  p r e s e n t   i n v e n t i o n   h a s   b e e n   d e s c r i b e d   i n  

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

l a w s   by  p r o v i d i n g   a  f u l l   p u b l i c   d i s c l o s u r e   of  a t   l e a s t  

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

i s   n o t   i n t e n d e d   i n   any  way  to   l i m i t   t h e   b r o a d   f e a t u r e s  

or   p r i n c i p l e s   of   t h e   i n v e n t i o n ,   o r   t h e   s c o p e   of  p a t e n t  
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m o n o p o l y   to   be  g r a n t e d .  
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1.  A  u n i t   i n j e c t o r   a s s e m b l y   f o r   a t t a c h m e n t   t o  

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

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

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

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

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

s o u r c e   t o   s a i d   s o l e n o i d   v a l v e ;  

an  a c c u m u l a t o r   t y p e   f u e l   i n j e c t o r ;  

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

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

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

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

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

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

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

a t   t h e   i n j e c t i o n   t i m e   so  as  to   i n i t i a t e   i n j e c t i o n   o f  

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

2.  A  u n i t   i n j e c t o r   a s s e m b l y   as   i n   C l a i m   1  w h e r e i n  

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

s u b s t a n t i a l l y   s q u a r e   p u l s e   of   e n e r g y   t o   s a i d   s o l e n o i d  

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

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

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

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

t r a n s f e r r e d   t h r o u g h   s a i d   n o n - r e t u r n   v a l v e   to  s a i d  

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

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

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

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

3.  A  u n i t   i n j e c t o r   a s s e m b l y   as   in   any  of  t h e  

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

f u e l   i n l e t   p o r t ,   a  f u e l   d r a i n   p o r t ,   and  a  common  o u t l e t ,  
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s a i d   v a l v e   b e i n g   o p e r a t i v e   in  one  p o s i t i o n   to   c o u p l e  

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

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

o u t l e t   to   s a i d   d r a i n   p o r t   o n l y .  

4.  A  u n i t   i n j e c t o r   a s s e m b l y   as  in   C l a i m   3  w h e r e i n  

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

c h a m b e r   and  a  h i g h - p r e s s u r e   c h a m b e r ,   and  w h i c h   f u r t h e r  

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

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

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

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

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

b a c k   to   t h e   f u e l   s o u r c e .  

5.  A  d i e s e l   f u e l   i n j e c t i o n   s y s t e m   i n c l u d i n g   a  

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

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

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

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

s a i d   f u e l   s o u r c e .  

a6.  A  d i e s e l   f u e l   i n j e c t i o n   s y s t e m   as  c l a i m e d  

in  C l å i m   5  w h i c h   f u r t h e r   i n c l u d e s   means   f o r   g e n e r a t i n g  

a  r e p e t i t i v e   p e r i o d i c   s e q u e n c e   of  s u b s t a n t i a l l y   s q u a r e  

p u l s e s   of   e l e c t r i c a l   e n e r g y   and  a p p l y i n g   s a i d   p u l s e s  

to  r e s p e c t i v e   o n e s   of   s a i d   s o l e n o i d   v a l v e s   in   s e q u e n c e .  

7.  The  method  of  i n j e c t i n g   a  fuel   charge  of  d e s i r e d   m a g n i -  

tude  into  a  c y l i n d e r   of  an  i n t e r n a l   combustion  engine,   c o m p r i s i n g  

the  s teps   o f :  

(A)  s e l e c t i n g   a  l i q u i d   fuel   supply  hav ing  a   r e l a t i v e l y   low 

and  r e l a t i v e l y   cons t an t   p r e s s u r e   l e v e l ;  

(B)  r e l a t i v e l y   far   in  advance  of  the  fuel   i n j e c t i o n   t i m e ,  

s e l e c t i n g   from  the  fue l   supply  at  i t s   p r e s su re   l eve l   a  fuel   c h a r g e  

having  a  des i r ed   vo lume;  

(C)  for   a  pe r iod   of  time  p r i o r   to  i n j e c t i o n ,   u t i l i z i n g   e n e r g y  
from  the  fuel   supply  to  apply  a  con t inuous ly   i n c r e a s i n g   p r e s s u r e  
l eve l   to  the  s e l e c t e d   fuel   charge  u n t i l   a  des i r ed   high  p r e s s u r e  
l eve l   is  r e a c h e d ;  
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(D)  immedia te ly   p r i o r   to  the  i n j e c t i o n   time,  r educ ing   t h e  

high  p r e s s u r e   l e v e l   a p p l i e d   to  the  s e l e c t e d   fuel   charge;   a n d  

(E)  in  r esponse   to  the  r e d u c t i o n   in  the  high  p r e s s u r e   l e v e l ,  

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

and  r a p i d l y   i n j e c t i n g   i t   i n to   the  c y l i n d e r .  

8.  The  method  of  c la im  7  where in   the  p r e s su re   l e v e l   of  t h e  

f u e l   supply  is   s e l e c t i v e l y   a d j u s t e d   in  order  to  ad jus t   the  mass  o f  

the  s e l e c t e d   f ue l   c h a r g e .  

9.  The  method  of  c laim  7  where in   the  per iod  of  the  time  f o r  

p r e s s u r i z i n g   the  s e l e c t e d   fue l   charge  is  s e l e c t i v e l y   a d j u s t e d   i n  

o rder   to  a d j u s t   the  maximom  p r e s s u r e   l eve l   tha t   is  s u b s e q u e n t l y  

r eached ,   and  the  r e s u l t i n g   p o r t i o n   of  the  s e l e c t e d   fue l   charge  t h a t  

is  then  i n j e c t e d .  
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