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©  Distributor  pump. 
A  fuel  injection  system  for  a  diesel  engine  having 

injection  and  metering  modes  of  operation  for  delivering  fuel 
to  an  engine  comprising  a  plurality  of  fuel  injectors  (40) 
wherein  each  of  said  fuel  injectors  comprise  a  first  port  (45), 
a  second  port  (47)  and  a  metering  chamber  (186)  for  storing  a 
premetered  quantity  of  fuel,  during  the  metering  mode  of 
operation,  prior  to  the  injection  of  said  premetered  quantity 
of  fuel  into  the  engine  during  the  injection  mode  of 
operation.  The  system  further  includes  manifold  means  (48) 
for  connecting  in  fluid  communication  each  of  second  ports 
of  each  of  said  fuel  injector,  pressure  regulating  means  (50, 
52)  connected  between  said  manifold  means  and  a  fuel 
reservoir  (34)  for  regulating  and  for  supplying  fuel  at  said 
second  determinable  pressure  to  said  second  inlet  port  of 
each  of  the  injectors  and  distributor  pump  means  (30) 
connected  to  the  said  first  port  of  each  of  said  fuel  injectors 
and  to  the  fuel  reservoir for  sequentially  pressurizing  the  first 
port  of  a  particular  injector  at  a  pressure  greater  than  the 
pressure  established  by  the  pressure  regulating  means 
causing  the  piston  to  stabilize  at  the  bottom  of  its  stroke  and 
sequentially  thereafter  lowering  said  first  pressure  level  to  a 
pressure  lower  than  that  of  the  pressure  established  by  said 
pressure  regulating  means  thereby  causing  said  piston  to 
move  causing  said  premetered  quantity  of  fuel  to  enter  said 
metering  chamber  of  a  particular  one  of  said  injectors 

through  said  second  port  and  for  sequentially  thereafter 
increasing  said  first  pressure  level  thereby  causing  said 
piston to  pressurize  the  fuel  within  said  metering  chamber to 
initiate  fuel  injection  into  the  engine  through  a  nozzle. 





This  i n v e n t i o n   r e l a t e s   to  a  d i s t r i b u t o r   pump  of  a  fuel   d e l i -  

very  system  for  a  d i e s e l   engine.   More  s p e c i f i c a l l y ,   the  i n v e n t i o n   r e l a t e s  

to  a  fuel   system  for  p r eme te r i ng   s p e c i f i c   q u a n t i t i e s   of  fue l   to  a  p l u r a -  

l i t y   of  fuel   i n j e c t o r s   p r i o r   to  i n j e c t i o n   in to   the  e n g i n e .  

Fuel  d e l i v e r y   systems  for  d i e s e l   engines  can  be  c l a s s i f i e d  

in to   t h r ee   broad  c a t e g o r i e s .   The  f i r s t   ca tegory   u t i l i z e s   d i s t r i b u t o r  

pumps  having  a  s e p a r a t e   fue l   supply  l i ne   for  each  i n j e c t o r .   The  second  

c a t e g o r y   of  fuel   d e l i v e r y   system  u t i l i z e s   a  cons t an t   p r e s s u r e   source  i n  

c o n j u n c t i o n   with  a  common  r a i l   or  manifold   which  communicates  the  s u p p l y  

p r e s s u r e   to  a  p l u r a l i t y   of  d i e s e l   fuel   i n j e c t o r s .   In  t h i s   second  t y p e  

of  the  fuel   supply  system,  the  i n j e c t o r s   are  u sua l l y   of  the  type  having  a  

p r e s s u r e   i n t e n s i f i e r .   The  t h i r d   ca tegory   u t i l i z e s   what  is  known  as  a  

un i t   i n j e c t o r   which  i n c o r p o r a t e s   w i t h i n   the  i n j e c t o r   a  pumping  e l e m e n t  

and  the  c o n t r o l   v a l v e .  

The  f i r s t   c a t egory   of  systems  does  not  p rovide   s u f f i c i e n t  

i n j e c t i o n   t iming  c o n t r o l   as  a  f u n c t i o n   of  both  engine  speed  and  load.  I f  

engine  t iming  is  mechan ica l ly   or  h y d r a u l i c a l l y   c o n t r o l l e d ,   t h i s   type  o f  

system  is  o f ten   i n f l e x i b l e   and  does  not  d i sp l ay   c y c l e - t o - c y c l e   or  c y l i n -  

d e r - t o - c y l i n d e r   a d a p t a b i l i t y   for  c o n t r o l l i n g   the  q u a n t i t y   of  fuel   i n j e c t e d  

and  i t s   r e l a t e d   t iming.   In  a d d i t i o n ,   high  i n j e c t i o n   p r e s s u r e s   such  a s  

p r e s s u r e s   in  the  v i c i n i t y   of  700  to  980  kg/cm2  are  l im i t ed   mainly  by  t h e  

s t r e n g t h   of  the  long  l i nes   between  the  pump  mechanisms  and  the  i n j e c t o r s .  

In  a d d i t i o n ,   these   types  of  fuel   d e l i v e r y   systems  f a l l i n g   w i t h i n   the  f i r s t  

c a t ego ry   d i s p l a y   l ine   c a v i t a t i o n   and  secondary  i n j e c t i o n s   and  e x h i b i t s   a  

r e l a t i v e l y   slow  t e r m i n a t i o n   of  i n j e c t i o n   of  fuel   in to   the  r e s p e c t i v e  

c y l i n d e r s .   Secondary  i n j e c t i o n   and  slow  t e r m i n a t i o n   are  p r i m a r i l y   a  r e -  

s u l t   of  poor  c o n t r o l   of  the  l ine   dynamics .  

The  second  type  of  system  is  amenable  to  e l e c t r i c a l l y   c o n t r o l -  

l ing   both  the  i n j e c t e d   q u a n t i t y   of  fuel   and  the  t iming  of  i n j e c t i o n .   I n  

a d d i t i o n ,   the  cons t an t   p r e s s u r e  -   common  r a i l   system  is  capable   of  d e l i -  

ve r ing   r e l a t i v e l y   high  i n j e c t i o n   p r e s s u r e s .   However,  t h i s   type  of  sy s t em 

is  o f ten   extemely  expensive  and  is  of  a  r e l a t i v e l y   bulky  s i z e .   The 



expense  and  s i ze   of  the  system  may  be  a t t r i b u t a b l e   to  the  f ac t   t ha t   t h e  

c o n s t a n t   p r e s s u r e   source   u t i l i z e s   a  p r e s s u r e   r e g u l a t i n g   dev ice   in  a d d i t i o n  

to  a  number  of  fue l   a c c u m u l a t o r s ,   as  well   as  us ing   a  3-way  valve  which  i s  

o f t en   r e q u i r e d   to  o p e r a t e   a g a i n s t   the  high  p r e s s u r e   supply.   A  d i s a d v a n -  

tage  of  these   systems  is  high  leakage  caused  by  the  c o n s t a n t   high  p r e s s u r e  

which  is  t r a n s m i t t e d   to  each  of  the  fuel   i n j e c t o r s .  

The  un i t   i n j e c t o r   fuel   systems  p rov ide   a l l   of  the  fuel   c o n -  

t r o l s   in  a  s i n g l e   package.   However,  a  s i g n i f i c a n t   d i s a d v a n t a g e   of  t h e  

un i t   i n j e c t o r   is  t h a t   the  d i e s e l   engine  must  be  modi f i ed   or  s u p p l i e d   w i t h  

s e p a r a t e   c r a n k s h a f t ,   rocker   arms  and  f o l l o w e r s   to  d r ive   the  pumping  e l e -  

ment  of  the  un i t   i n j e c t o r .   This  f o r e c l o s e s   the  use  of  the  un i t   i n j e c t o r  

on  s t a n d a r d   d i e s e l   eng ines   absent   a  s i g n i f i c a n t   r e d e s i g n   or  m o d i f i c a t i o n  

of  the  engine.   In  a d d i t i o n ,   s ince  each  un i t   i n j e c t o r   must  be  p r o v i d e d  

with  a  c o n t r o l   va lve   the  packaging  or  p lacement   of  the  i n j e c t o r   in to   t h e  

engine  or  c y l i n d e r   head  is  more  d i f f i c u l t   when  compared  to  the  p l a c e m e n t  

and  packaging   of  s m a l l e r   p r e s s u r e   a c t i v a t e d   i n j e c t o r   va lves   as  u t i l i z e d  

by  the  p r even t   i n v e n t i o n .  

To  meet  f u t u r e   d i e s e l   fuel   i n j e c t i o n   system  o p e r a t i n g   r e q u i -  

rements   as  to  fue l   economy  and  emiss ions   c o n t r o l   r e q u i r e s   high  p e r f o r m a n c e .  

These  pe r fo rmance   r e q u i r e m e n t s   i n c l u d e  :   (a)  high  i n j e c t i o n   p r e s s u r e   o f  

1000  kg/cm2  or  more ;   (b)  t h a t   the  i n j e c t i o n   system  be  capab le   of  i n d e -  

pendent   t iming  and  me te r ing   c o n t r o l   as  a  f u n c t i o n   of  engine  speed  and  l o a d ;  

(c)  t h a t   the  fue l   system  be  able  of  c o n t r o l l i n g   i t s   c o o p e r a t i n g   fue l   i n -  

j e c t o r   to  d i s p l a y   i n j e c t i o n   r a t e   c o n t r o l   and  d i s p l a y   an  abrupt   t e r m i n a t i o n  

of  fue l   i n j e c t i o n  ;   (d)  tha t   the  fuel   i n j e c t i o n   system  o f f e r   c y c l e - t o - c y c l e  

and  c y l i n d e r - t o - c y l i n d e r   adap t ive   c o n t r o l  ;   (e)  t h a t   the  fue l   i n j e c t i o n  

system  can  be  adapted   to  s t andard   d i e s e l   engines   r e q u i r i n g   minimum  e n g i n e  

change  ;   (f)  t h a t   the  fue l   i n j e c t i o n   system  be  of  low  cost   and  (g)  t h a t  

the  fue l   i n j e c t i o n   system  d i sp l ay   low  power  i npu t ,   minimum  power  d ra in   and 

low  heat   b u i l d u p .  

To  these   ends,  the  i n v e n t i o n   p roposes   a  d i s t r i b u t o r   pump  h a v -  

ing  a  me te r ing   and  an  i n j e c t i o n   mode  of  o p e r a t i o n   and  adapted  to  r e c e i v e  

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

f l u i d   from  a  f l u i d   r e s e r v o i r   for  supply ing   p r e s s u r i z e d   f l u i d ,   c h a r a c t e r i z e d  

in  t h a t   i t   c o m p r i s e s  :  

-  a  hous ing   having  a  r e t u r n   por t   adapted   to  be  connected  t o  

the  r e s e r v o i r ,   an  input   por t   adapted  to  r e c e i v e   f l u i d   from  the  r e s e r v o i r  

and  f u r t h e r   having  a  p l u r a l i t y   of  output   p o r t s  ;  



-  f i r s t   p r e s s u r e   source  means  for  supply ing   p r e s s u r i z e d   f l u i d  

at  a  d e t e r m i n a b l e   f i r s t   p r e s s u r e   l e v e l  ;  

-  t iming   valve  means  for  d i v e r t i n g   the  output   of  said  f i r s t  

p r e s su re   source  means  to  a  d i s t r i b u t o r   valve  means  during  the  i n j e c t i o n  

mode  of  o p e r a t i o n   and  for  d i v e r t i n g   the  ou tput   of  said  f i r s t   p r e s s u r e  

source  means  to  sa id   r e t u r n   port   dur ing   the  meter ing   mode  of  o p e r a t i o n ;  

said  t iming  valve  means  adapted  to  r e c e i v e   e l e c t r i c a l   s i g n a l s   in  t i m e d  

r e l a t i o n s h i p   to  the  combust ion  p rocess   wi th in   the  e n g i n e  ;  

-  me te r ing   valve  means  connected  between  said  d i s t r i b u t o r  

valve  means  and  sa id   r e t u r n   por t   for  c o n t r o l l i n g   the  d u r a t i o n   of  f l u i d  

flow  from  said  d i s t r i b u t o r   valve  means  to  said  r e t u r n   por t   dur ing   t h e  

meter ing   mode  in  c o r r e s p o n d e n c e   with  the  combustion  process   w i th in   s a i d  

engine  and  where in   sa id   mete r ing   valve  means  is  adapted  to  r e c e i v e   e l e c -  

t r i c a l   s i g n a l s   in  timed  sequence  to  the  combustion  process   w i t h i n   t h e  

eng ine  ;   and 

-  d i s t r i b u t i o n   valve  means  for  r e c e i v i n g   f l u i d   under  p r e s -  

sure  from  said  f i r s t   p r e s s u r e   source  means  i n c l u d i n g   f i r s t   d i s t r i b u t o r  

means  for  s e q u e n t i a l l y   connec t ing   the  p r e s s u r i z e d   f lu id   to  a  p a r t i c u l a r  

one  of  said  ou tpu t   po r t s   in  timed  sequence  with  the  o p e r a t i o n   of  s a i d  

t iming  valve  means  and  with  the  combustion  p rocess   wi th in   the  e n g i n e ,  

said  d i s t r i b u t o r   valve  means  f u r t h e r   i n c l u d i n g   second  d i s t r i b u t o r   means 

for  s e q u e n t i a l l y   c o n n e c t i n g   said  p a r t i c u l a r   one  of  said  ou tput   po r t s   t o  

said  meter ing   valve  means  for  a  d e t e r m i n a b l e   l ength   of  time  p r i o r   to  t h e  

time  said  p a r t i c u l a r   one  of  said  output   po r t s   is  connected  to  said  f i r s t  

p r e s s u r e   source  means .  

The  above  r e q u i r e m e n t s   are  met  by  the  p r e s e n t   i n v e n t i o n  

which  broadly   i n c l u d e s   a  dual  so l eno id   d i s t r i b u t o r   pump  t ha t   is  c o n n e c -  

ted  i n d i v i d u a l l y   to  a  p l u r a l i t y   of  d i e s e l   fue l   i n j e c t o r s   by  b i - d i r e c t i o n -  

al  fuel   flow  l i n e s .   The  t iming  of  i n j e c t i o n   and  the  q u a n t i t y   of  m e t e r e d  

fuel   d e l i v e r e d   to  each  fuel   i n j e c t o r   is  c o n t r o l l e d   both  on  a  c y c l e - t o -  

cycle  and  c y l i n d e r - t o - c y l i n d e r   bas i s   us ing  m ic rop roces so r   t e c h n o l o g y  

by  a d j u s t i n g   the  e l e c t r i c a l   s i g n a l s   to  two  so l eno ids   loca ted   w i th in   t h e  

dual  so l eno id   d i s t r i b u t o r   pump.  The  d r i f t   of  the  i n t e n s i f i e r   p i s t o n   i s  

c o n t r o l l e d   by  i n c o r p o r a t i n g   wi th in   a  d i s t r i b u t i o n   valve  (of  the  pump) 

a  d i s t r i b u t i o n   s l o t   which  is  connected  to  a  de t e rminab le   p r e s s u r e   s u c h  

tha t   the  p r e s s u r e   fo rce   so  c rea ted   be  communicated  in  advance  of  e a c h  

meter ing  event  to  the  i n t e n s i d i f e r   p i s t o n   of  a  p a r t i c u l a r   i n j e c t o r   t o  

force  tha t   p i s t o n   to  remain  at  the  bottom  of  i t s   s t r o k e .  



An  advantage   of  the  p r e s e n t   i n v e n t i o n   is  t h a t   i t   may  be  

c o n f i g u r e d   to  be  packaged  and  adapted  to  a l l   s i z e s   of  d i e s e l   e n g i n e s  

with  v i r t u a l l y   no  engine  m o d i f i c a t i o n .   The  system  u t i l i z e s   a  r e l a t i v e l y  

i n e x p e n s i v e   pump  in  combina t ion   with  an  i n j e c t o r   which  has  a  m e t e r i n g  

chamber.  The  fue l   i n j e c t i o n   system  p rov ides   the  f o l l o w i n g   a d v a n t a g e s  :  

(1)  fue l   m e t e r i n g   is  performed  at  the  i n j e c t o r  ;   (2)  the  i n j e c t o r   i s  

p rovided   wi th   a  secondary  pump  por t   to  a b r u p t l y   end  fue l   i n j e c t i o n  ;  

and  (3)  by  u t i l i z i n g   an  i n j e c t o r   having  an  i n t e n s i f i e r   p i s t o n   t h e r e i n  

high  p r e s s u r e   l i n e s   connected  to  the  pump  and  i n j e c t o r   are  e l i m i n a t e d ,  

each  i n j e c t o r   r e q u i r e s   only  a  s i n g l e   b i - d i r e c t i o n a l   i n j e c t i o n   l i ne   and  

a  s i n g l e   low  p r e s s u r e   l ine   for  fuel   m e t e r i n g .  

The  i n j e c t o r   i nc ludes   an  i n t e n s i f y i n g   p i s t o n   which  r e c e i v e s  

a  p r e s s u r e   pu l se   as  a  r e s u l t   of  the  c o n t r o l l e d   e x i c t a t i o n   o f  t h e   t i m i n g  

s o l e n o i d   va lve .   The  combined  f e a t u r e s   of  the  d i s t r i b u t o r   pump  and 

i n j e c t o r   r e s u l t   in  the  d e l i v e r y   of  f l u i d   at  high  i n j e c t i o n   p r e s s u r e   (700 

to  1750  k g / c m 2 ) .  

The  i n j e c t o r   is  a lso   provided  with  a  pr imary   dump  por t   and  

a  laminar   flow  r e s t r i c t o r   which  f u n c t i o n s   to  d e p r e s s u r i z e   the  i n j e c t i o n  

l i n e   l i n k i n g   the  d i s t r i b u t o r   pump  to  the  i n t e n s i f i e r   p i s t o n ,   thus  p r e -  

ven t i ng   l i n e   c a v i t a t i o n   and  secondary  fuel   i n j e c t i o n .   This  r e s u l t s   f rom 

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

By  u t i l i z i n g   only  two  va lves   to  c o n t r o l   both  engine  t iming   and  f u e l  

me te r ing ,   the  number  of  c o n t r o l   and  t iming  va lves   which  are  found  i n  

the  p r i o r   a r t   are  minimized.   In  a d d i t i o n ,   by  i n c o r p o r a t i n g   the  c o n t r o l  

and  t iming   f e a t u r e s   in to   the  dual  so leno id   d i s t r i b u t o r   pump  pe rmi t s   t h e  

r e l o c a t i o n   of  t h i s   t iming  and  meter ing   c o n t r o l l e r   away  from  the  l i m i t e d  

space  near  the  engine  or  c y l i n d e r   head  a r e a .  

The  i n v e n t i o n   w i l l   now  be  de sc r i bed   with  r e f e r e n c e   to  t h e  

accompanying  drawings  w h e r e i n  :  



FIGURE  1  d i a g r a m a t i c a l l y   i l l u s t r a t e s   t h e   m a i n  

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

p r e s e n t   i n v e n t i o n .  

FIGURE  2  i s   a  h y d r a u l i c   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   h y d r a u l i c   c o n n e c t i o n s   b e t w e e n   a  n u m b e r  

of  t he   m a j o r   c o m p o n e n t s   of  t he   p r e s e n t   i n v e n t i o n .  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  d i e s e l  

i n j e c t o r .  

FIGURE  4  i s   a  p a r t i a l   c r o s s - s e c t i o n   v i e w   of  t h e  

d i e s e l   i n j e c t o r   of   F i g u r e   3  i l l u s t r a t i n g   t h e   i n j e c t o r  

p i s t o n   a t   the   end  of  i t s   c o m p r e s s i o n   s t r o k e .  

FIGURE  5  i s   a  t o p   v i e w   of   a  d u a l   s o l e n o i d  

d i s t r i b u t o r   p u m p .  

FIGURE  6  i s   a  b o t t o m   v i ew   of  t he   d i s t r i b u t o r   p u m p .  

FIGURE  7  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   t h r o u g h  

s e c t i o n   7-7  of  F i g u r e   6 .  

FIGURE  8  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   i n j e c t i o n  

pump  t a k e n   t h r o u g h   s e c t i o n   8-8  of   F i g u r e   7 .  

FIGURE  9  is   a  c r o s s - s e c t i o n a l   v i ew   of  t h e   t r a n s f e r  

pump  t a k e n   t h r o u g h   s e c t i o n s   9-9  of  F i g u r e   7 .  

FIGURE  10  i s   an  end  v i e w   of  t he   d i s t r i b u t o r   p u m p  

s h o w i n g   i t s   i n p u t   and  o u t p u t   p o r t s .  

FIGURE  11  i s   a  p a r t i a l   s e c t i o n a l   v i ew   t a k e n   t h r o u g h  

s e c t i o n   1 1 - 1 1   of  F i g u r e   7 .  

FIGURE  12  i s   a  p a r t i a l   s e c t i o n a l   v i e w   t a k e n   t h r o u g h  

s e c t i o n   1 2 - 1 2   of  F i g u r e   1 0 .  

FIGURE  13  i s   a  p a r t i a l   s e c t i o n a l   v i e w   t a k e n   t h r o u g h  

s e c t i o n   1 3 - 1 3   of   F i g u r e   1 0 .  

FIGURE  14  i s   a  l i n e a r   p r o j e c t i o n   of  t he   d i s t r i b u t o r  

v a l v e   shown  in  F i g u r e   7 .  

FIGURE  15  g r a p h i c a l l y   i l l u s t r a t e s   t he   f l o w   a r e a   o f  

t h e   d i s t r i b u t o r   v a l v e .  

FIGURE  16  g r a p h i c a l l y   i l l u s t r a t e s   a  m e t e r i n g   a n d  



t i m i n g   s e q u e n c e .  
R e f e r e n c e   i s   now  made  to   F i g u r e   1  w h i c h   i l l u s t r a t e s  

t he   i n t e r c o n n e c t i o n   b e t w e e n   a  number   of  t he   c o m p o n e n t s   o f  

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

d i e s e l   e n g i n e s .   More  s p e c i f i c a l l y ,   t h e r e   i s   shown   a  d u a l  

s o l e n o i d   d i s t r i b u t o r   pump  30  a d a p t e d   a t   one   end   to  b e  

d r i v e n   by  t h e   d i e s e l   e n g i n e   32.   The  d i s t r i b u t o r   pump  3 0  

i s   c o n n e c t e d   to   a  l i q u i d   r e s e r v o i r   s u c h   as  t h e   f u e l   t a n k  

34  t h r o u g h   a  f u e l   f i l t e r   36.  F u e l   i s   r e c e i v e d   a t   t h e  

i n p u t   p o r t   38 .   The  d i s t r i b u t o r   pump  30  i s   f u r t h e r  

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

4 0 a - f   t h r o u g h   o u t p u t   p o r t s   4 2 a - f .   W h i l e   t h e   d i s t r i b u t o r  

pump  30  i s   shown  c o m m u n i c a t i n g   w i t h   s i x   d i e s e l   i n j e c t i o n  

v a l v e s ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   i n v e n t i o n   may  b e  

a d a p t e d   to  c o m m u n i c a t e   w i t h   any  number   of   i n j e c t o r s .  

Each  i n j e c t o r   40  i s   a d a p t e d   to  c o n n e c t   w i t h   and   r e c e i v e  

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

4 4 a - f   t h r o u g h   a  f i r s t   p o r t   45.   Each  i n j e c t o r   has   a  

s e c o n d   p o r t   47  w h i c h   i s   a d a p t e d   to   c o n n e c t   to   a  

p a r t i c u l a r   a c c u m u l a t o r   or  p r e s s u r e   l i n e   4 6 a - f   w h i c h   e a c h  

c o n n e c t e d   to  a  m a n i f o l d   or  common  l i n e   48.   The  m a n i f o l d  

48  i s   c o n n e c t e d   to   a  low  p r e s s u r e   a c c u m u l a t o r   50  w h i c h  

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

l i n e   52  to   t he   r e s e r v o i r   or  f u e l   t a n k   3 4 .  

The  d i s t r i b u t o r   p u m p . 3 0   f u r t h e r   i n c l u d e s   a  f i r s t   o r  

t i m i n g   v a l v e   58  and  a  s e c o n d   or  m e t e r i n g   v a l v e   56  w h i c h  

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

u n i t   or  ECU  60  of  a  known  v a r i e t y .   The  d i s t r i b u t o r   p u m p  

30  f u r t h e r   i n c l u d e s   an  a d d i t i o n a l   o u t p u t   p o r t   62  w h i c h  

r e t u r n s   f l u i d   to  t he   f u e l   t a n k   34  v i a   t h e   r e t u r n   l i n e   6 4 .  

The  o p e r a t i o n   of  t h e   f u e l   s y s t e m ,   t h e   d i s t r i b u t o r  



pump  30  a n d "  t h e   f u e l   i n j e c t o r s   40 ,   i s   b e s t   u n d e r s t o o 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 e s c r i p t i o n   of  t h e  

h y d r a u l i c   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 e d   in  F i g u r e   2 .  

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   i l l u s t r a t e s  

a  d e t a i l e d   h y d r a u l i c   s c h e m a t i c   d i a g r a m   of  t he   m a j o r  

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

d i a g r a m 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   1  and  shown  i n  

d e t a i l   in   F i g u r e s   3 - 1 4 .   T h e r e   i s   g e n e r a l l y   i l l u s t r a t e d  

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

30  t h r o u g h   t h e   f u e l   f i l t e r   36 .   The  d i s t r i b u t o r   pump  i n  

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

4 2 a - f   t o   t h e   f u e l   i n j e c t o r s   4 0 a - f .   I n a s m u c h   as  t h e  

c o m m u n i c a t i o n   and  o p e r a t i o n   of  t h e   d i s t r i b u t o r   pump  30  

w i t h   r e s p e c t   to   e a c h   of   t h e   f u e l   i n j e c t o r s   4 0 a - f   i s  

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

i n t e r r e l a t i o n s h i p   b e t w e e n   t h e   d i s t r i b u t o r   pump  30  and  o n e  

o f   t h e   f u e l   i n j e c t o r s   4 0 a - f .   In  a d d i t i o n ,   w h e r e  

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

f o l l o w i n g   d i s c u s s i o n .  

R e f e r e n c e   is   a g a i n   made  to  t h e   more   d e t a i l e d   e m b o d i -  

m e n t   o f   t h e   d i s t r i b u t o r   pump   30  as   i l l u s t r a t e d  

s c h e m a t i c a l l y   in  F i g u r e   2.  More  s p e c f i c a l l y ,   t he   i n p u t  

p o r t   38 ,   w h i c h   i s   m a i n t a i n e d   in  f l u i d   c o m m u n i c a t i o n   w i t h  

t h e   f u e l   f i l t e r   36,   is   c o n n e c t e d   to   t h e   i n p u t   of  a  

t r a n s f e r   pump  102  t h r o u g h   an  i n t e r n a l   f l u i d   p a s s a g e   1 0 4 .  

T h o s e   s k i l l e d   in  t he   a r t   w i l l   a p p r e c i a t e   t h a t   t he   f l u i d  

p a s s a g e   104  and  t h e   o t h e r   s i m i l a r   f l u i d   p a s s a g e s   w i t h i n  

t h e   d i s t r i b u t o r   pump  30  a r e   a c t u a l l y   c h a n n e l s   f a b r i c a t e d  

w i t h i n   t h e   h o u s i n g   or  o t h e r   m e m b e r s   of   t h e   d i s t r i b u t o r  

pump  30 .   For   p u r p o s e s   of  i l l u s t r a t i o n ,   h o w e v e r ,   t h e s e  

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

c o n j u n c t i o n   w i t h   t he   e x p l a n a t i o n   of  F i g u r e   2,  p r e s s u r e  
l i n e s   or   f l u i d   p a s s a g e s .   The  o u t p u t   of   t h e   t r a n s f e r   p u m p  

102  i s   c o n n e c t e d   v i a   a n o t h e r   f l u i d   p a s s a g e   106  to  the   b i -  

d i r e c t i o n a l   p r e s s u r e   l i n e s   or  p a s s a g e s   108  and  110 .   T h e  



p r e s s u r e   l i n e   108  i s   c o n n e c t e d   to  an  a c c u m u l a t o r   1 1 6  

h a v i n g   a  s t o r a g e   c h a m b e r   118  and  a  r e l i e f   v a l v e   1 2 0 .   T h e  

o u t p u t   of  t h e   a c c u m u l a t o r   116  i s   c o n n e c t e d   v i a   a  p r e s s u r e  

l i n e   122  to   a  p r e s s u r e   l i n e   124  w h i c h   i s   c o n n e c t e d   to  t h e  

pump  o u t p u t   p o r t   62 .   As  w i l l   be  s e e n   in  c o n n e c t i o n   w i t h  

t h e   d e t a i l e d   d e s c r i p t i o n   of  t h e   pump  30,   t h e   p r e s s u r e  
l i n e s   122  and  124  c o m p r i s e   any  number   of  i n t e r n a l   f l u i d  

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

f o r   c o o l i n g ,   l u b r i c a t i o n   and  a i r   p u r g i n g .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   t r a n s f e r   pump  1 0 2  

w h i c h   may  be  a  c o n v e n t i o n a l   g e a r   pump  is   m a i n t a i n e d   a t   a  

r e l a t i v e l y   low  p r e s s u r e ,   a p p r o x i m a t e l y   200  p s i ,   as   a  

r e s u l t   of  t he   i n t e r a c t i o n   w i t h   t h e   a c c u m u l a t o r   116 .   T h e  

a c c u m u l a t o r   116  f u n c t i o n s   to  r e g u l a t e   t h e   p r e s s u r e   a t   t h e  

o u t p u t   of  t he   t r a n s f e r   pump  102  by  s t o r i n g   f u e l   d u r i n g  

low  f l o w   demand   p e r i o d s   and  by  d e l i v e r i n g   f u e l   d u r i n g  

h i g h   f l o w   demand   p e r i o d s .   A f t e r   t he   a c c u m u l a t o r   c h a m b e r  

118  i s   f i l l e d ,   t h e   r e l i e f   v a l v e   120  w i l l   p e r m i t   t h e   f l o w  

of  e x c e s s   f l u i d   f r o m   t h e   t r a n s f e r   pump  102  t o   t he   f u e l  

t a n k   34  t h r o u g h   t h e   p r e s s u r e   l i n e   1 2 2 .  

The  t r a n s f e r   pump  102  i s   u s e d   to  f i l l   an  i n j e c t i o n  

pump  1 3 0 .   The  f l u i d   i s   s u p p l i e d   to   t h e   i n j e c t i o n   p u m p  

t h r o u g h   t h e   p r e s s u r e   l i n e   110  w h i c h   i s   c o n n e c t e d   t o   t h e  

u n i d i r e c t i o n a l   p r e s s u r e   l i n e   132  w h i c h   i s ,   in  t u r n ,  

c o n n e c t e d   to  c h e c k   v a l v e   134  w h i c h   i s   l o c a t e d   w i t h i n   t h e  

i n j e c t i o n   pump  1 3 0 .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t h e  

i n j e c t i o n   pump  130  i s   a  c o n t i n u o u s   d i s p l a c e m e n t   c a m  

d r i v e n   p i s t o n   pump .   The  t r a n s f e r   pump  102  i s   a l s o  

c o n n e c t e d   to  t h e   i n j e c t i o n   pump  130  t h r o u g h   t h e   b i -  

d i r e c t i o n a l   p r e s s u r e   l i n e   136  w h i c h   c o m m u n i c a t e s   w i t h  

p r e s s u r e   l i n e   110  and  to  a  v a r i a b l e   o r i f i c e   b a c k   p r e s s u r e  

or  c h e c k   v a l v e   1 4 0 .   The  o t h e r   end  of   t h e   v a r i a b l e  

o r i f i c e   140  i s   c o n n e c t e d   to  t h e   i n j e c t i o n   pump  130  v i a  

t h e   t i m i n g   v a l v e   58 .   The  t i m i n g   v a l v e   58  i s   c o n n e c t e d   t o  

the   i n j e c t i o n   pump  130  t h r o u g h   t h e   p r e s s u r e   l i n e   1 4 2 .  



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

140  and  t h e   t i m i n g   v a l v e   58,   a  n e g l i g a b l e   p o r t i o n   of  t h e  

i n j e c t i o n   p u m p s   f l u i d   r e q u i r e m e n t s   w i l l   be  s u p p l i e d  

t h r o u g h   p r e s s u r e   l i n e   142 .   In  a d d i t i o n ,   w h i l e   n o t   a  
r e q u i r e m e n t   of  t he   i n v e n t i o n ,   a  r e l i e f   v a l v e   143  may  b e  

c o n n e c t e d   b e t w e e n   t h e   p r e s s u r e   l i n e   142  and  t h e   o u t p u t  

p o r t   62 .   The  r e l i e f   v a l v e   143  f u n c t i o n s   to  p r o h i b i t   t h e  

b u i l d - u p   o f   e x c e s s i v e   f l u i d   p r e s s u r e s   w i t h i n   t h e  

d i s t r i b u t o r   pump  3 0 .  

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

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

I n a s m u c h   as  t h e   f u e l   i n j e c t i o n   s y s t e m   may  be  c o n f i g u r e d  

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

d i s t r i b u t e   t h e   o u t p u t   of  t h e   i n j e c t i o n   pump  30  to  t h e  

a p p r o p r i a t e   i n j e c t o r s   4 0 a - f .   T h i s   i s   a c c o m p l i s h e d   b y  

u t i l i z i n g   t h e   d i s t r i b u t o r   v a l v e   1 4 6 .   The  d i s t r i b u t o r  

v a l v e   c o m p r i s e s   t h r e e   d i s t r i b u t i o n   s l o t s   1 4 8 ,   150  1 5 2  

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

p l u r a l i t y   o f   o p e n i n g s   1 6 0 a - f .   The   o p e n i n g s   a r e  

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

o u t p u t   p o r t s   4 2 a - f   of  the   d i s t r i b u t o r   pump.   As  d e s c r i b e d  

in  d e t a i l   b e l o w ,   in  c o n j u n c t i o n   w i t h   F i g u r e s   7 - 1 3 ,   t h e  

o p e n i n g s   1 6 0 a - f   a r e   c i r c u m f e r e n t i a l l y   p o s i t i o n e d   in  a  

f i x e d ,   h o l l o w   s l e e v e   and  t h e   d i s t r i b u t i o n   s l o t s   148  a n d  

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

w h i c h   r o t a t e s   w i t h i n   t he   f i x e d   s l e e v e .   For  p u r p o s e s   o f  

t h e   p r e s e n t   d i s c u s s i o n   r e l a t i v e   to  F i g u r e   2,  h o w e v e r ,   t h e  

d i s t r i b u t i o n   s l o t s   148  and   150  a r e   shown  as  h a v i n g  

t r a n s l a t i o n a l   m o v e m e n t   r e l a t i v e   to   t h e   o p e n i n g s   1 6 0 a - f .  

M o r e   s p e c f i c a l l y ,   t h e   d i s t i b u t i o n   s l o t   148  i s   c o n n e c t e d  

to  t h e   i n j e c t i o n   pump  v i a   t he   p r e s s u r e   l i n e   171 .   A s  

i l l u s t r a t e d   in   F i g u r e  2 ,   t h e   d i s t r i b u t i o n   s l o t   148  i s   i n  

c o m m u n i c a t i o n   w i t h   o p e n i n g   1 6 0 a   w h i c h   p e r m i t s   t h e  

i n j e c t i o n   pump  to  be  c o n n e c t e d   v i a   t h e   i n j e c t i o n   l i n e   4 4 a  



to  t he   i n j e c t o r   40a   t h e r e i n   d e l i v e r i n g   p r e s s u r i z e d   f l u i d  

or  f u e l   t h e r e t o .   As  t h e   d i s t r i b u t i o n   s l o t   148  i s   m o v e d  

to   t h e   r i g h t ,   t h e   i n j e c t i o n   pump  i s   m a i n t a i n e d   i n  

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

i n j e c t o r s   4 0 b - f   t h r o u g h   t h e   r e m a i n i n g   o p e n i n g s   1 6 0 b - f .  

D u r i n g   t h e   p e r i o d   o f   t i m e   t h a t   t h e   t i m i n g   v a l v e   58  i s  

o p e n ,   t h e   f l u i d   in  p r e s s u r e   l i n e s   1 4 2 , 1 7 1   and  in  t h e  

d i s t r i b u t o r   s l o t   148  and  one  of   t h e   i n j e c t i o n   l i n e s   44  i s  

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

pump  w h i c h   may  n o m i n a l l y   be  in  t h e   v i c i n i t y   of   200  p s i .  

With   t h e   t i m i n g   v a l v e   58  in  an  open   c o n d i t i o n ,   t h e   f l o w  

f rom  t h e   i n j e c t i o n   pump  130  i s   p r i m a r i l y   dumped  to  a  l o w  

p r e s s u r e   s u p p l y ,   i . e . ,   t h e   a c c u m u l a t o r   116 ,   t h r o u g h   t h e  

b i - d i r e c t i o n a l   p r e s s u r e   l i n e s   1 4 2 ,   1 3 6 ,   110  and  1 0 8 .  

To  i n i t i a t e   f u e l   i n j e c t i o n   t h e   t i m i n g   v a l v e   58  i s  

c l o s e d   in  r e s p o n s e   to   t i m i n g   s i g n a l s   g e n e r a t e d   by  t h e   ECU 

60  and  t he   t o t a l   o u t p u t   of  t he   i n j e c t i o n   pump  i s   d i v e r t e d  

t h r o u g h   t h e   d i s t r i b u t i o n   s l o t   148  to   a  s p e c i f i c   f u e l  

i n j e c t o r   40 .   A f t e r   t h e   t i m i n g   v a l v e   i s   c l o s e d ,   t h e   f l u i d  

w i t h i n   t h e   p r e s s u r e   l i n e   1 7 1 ,   t h e   d i s t r i b u t i o n   s l o t   1 4 8  

and  a  s p e c i f i c   i n j e c t i o n   l i n e   44 ,   i s   c o m p r e s s e d   by  t h e  

a c t i o n   of   t h e   i n j e c t i o n   pump  and  a  p r e s s u r e   p u l s e   i s  

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

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

was  p r e v i o u s l y   s t o r e d   or  p r e m e t e r e d   in  t he   i n j e c t o r   to   b e  

i n j e c t e d   i n t o   t h e   e n g i n e .  

R e f e r e n c e   i s   a g a i n   made  to  t he   d i s t r i b u t i o n   s l o t   1 5 0  

of  t h e   d i s t r i b u t o r   v a l v e   1 4 6 .   The  d i s t r i b u t i o n   s l o t   1 5 0  

i s   s i t u a t e d   r e l a t i v e   to   t he   d i s t r i b u t i o n   s l o t   148  s u c h  

t h a t   i t   l e a d s   t h e   m o t i o n   o f   t h e   d i s t r i b u t i o n   s l o t   1 4 8 .  

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

f i r s t   be  p l a c e d   w i t h i n   a  p a r t i c u l a r   i n j e c t o r   40  p r i o r   t o  

t h e   t i m e   t h a t   a  p r e s s u r e   p u l s e   i s   d e v e l o p e d   by  t h e  

i n j e c t i o n   pump  130  due   to   t h e   c l o s i n g   of  t h e   t i m i n g   v a l v e  

58.   The  a m o u n t   or  d e g r e e   of  l e a d   is   a  v a r i a b l e   d e p e n d i n g  



upon   t h e   a p p l i c a t i o n   of  t h e   i n v e n t i o n .  

The  d i s t r i b u t i o n   s l o t   150  i s   c o n n e c t e d   v i a   t he   f l u i d  

p a s s a g e   164  to  t h e   m e t e r i n g   v a l v e   56  w h i c h   i s   in  t u r n  

c o n n e c t e d   to  the   o u t p u t   p o r t   62  t h r o u g h   t h e   v a r i a b l e   a r e a  

o r i f i c e   166  and  t h e   i n t e r n a l   f l u i d   p a s s a g e   1 2 4 .  

R e f e r e n c e   i s   a g a i n   made  to  t he   d i s t r i b u t i o n   s l o t   1 5 2  

w h i c h   i s   p a r t   o f   t h e   d i s t r i b u t o r   v a l v e   1 4 6 .   T h e  

d i s t r i b u t i o n   s l o t   152  c o m p r i s e s   i n t e r n a l   f l u i d   p a s s a g e s  
l o c a t e d   w i t h i n   t h e   d i s t r i b u t o r   v a l v e   1 4 6 .   T h e  

d i s t r i b u t i o n   s l o t   152  i s   c o n n e c t e d   v i a   t h e   f l u i d   p a s s a g e  

154  to   a  s o u r c e   of  p r e s s u r e   s u c h   as   t h e   r e g u l a t e d   o u t p u t  

of  t h e   t r a n s f e r   pump  102 .   In  o p e r a t i o n ,   t h e   d i s t r i b u t i o n  

s l o t   152  l e a d s   t h e   m o t i o n   of   t h e   d i s t r i b u t i o n   s l o t   1 5 0 .  

T h i s   i s   n e c e s s a r y   s i n c e   i t   i s   r e q u i r e d   t h a t   a  p o s i t i v e  

p r e s s u r e   be  i n p u t   t h r o u g h   p a r t i c u l a r   o p e n i n g s   160  f o r c i n g  

a  p a r t i c u l a r   p i s t o n   170  to  t he   b o t t o m   of  i t s   t r a v e l   p r i o r  

to   t h e   t i m e   t h a t   t h e   d i s t r i b u t i o n   s l o t   150  comes   i n  

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

m e t e r i n g   e v e n t .   As  i l l u s t r a t e d   s c h e m a t i c a l l y   in  F i g u r e  

2,  t h e   d i s t r i b u t i o n   s l o t   152  i s   shown  s i m u l t a n e o u s l y  

c o m m u n i c a t i n g   w i t h   a l l   of  t h o s e   o p e n i n g s   1 6 0 c - f   w h i c h   a r e  

n o t   in  c o n t a c t   w i t h   e i t h e r   t he   d i s t r i b u t i o n   s l o t s   148  o r  

1 5 0 .   As  s h a l l   be  i l l u s t r a t e d   b e l o w   i t   i s   n o t   a  

r e q u i r e m e n t   f o r   t h e   d i s t r i b u t i o n   s l o t   152  t o  

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

1 6 0 c - f .   The  d i s t r i b u t i o n   s l o t   152  m u s t ,   o f   c o u r s e ,  
c o m m u n i c a t e   w i t h   a t   l e a s t   t h a t   p a r t i c u l a r   o p e n i n g   1 6 0  

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

1 5 0 .   In  a d d i t i o n ,   t h e  ' d i s t r i b u t i o n   s l o t   152  may  b e  

s h a p e d ,   as  i l l u s t r a t e d   by  t h e   d o t t e d   l i n e ,   in  a  k n o w n  

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

t h e   i n j e c t i o n   l i n e s   4 4 .  

The  s e q u e n c e   o f  m e t e r i n g ,   t h e   t i m i n g   of  i n j e c t i o n  

and  t h e   e l i m i n a t i o n   of  p i s t o n   d r i f t   p e r f o r m e d   by  t h e  

d i s t r i b u t o r   v a l v e   146  is   as  f o l l o w s :   Upon  t h e   c l o s i n g   of  : 



t he   n o r m a l l y   open   t i m i n g   v a l v e   58  in  c o r r e s p o n d e n c e   w i t h  

t h e   c o m b u s t i o n   p r o c e s s e s   w i t h i n   t h e   e n g i n e   32  p r e s s u r i z e d  

f u e l   is   t r a n s m i t t e d   to  a  f i r s t   i n j e c t o r ,   such   as  i n j e c t o r  

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

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

f u e l   to   be  i n j e c t e d   i n t o   t h e   e n g i n e .   D u r i n g   t h e   i n t e r v a l  

of  t i m e   t h a t   t h e   d i s t r i b u t i o n   pump  30  i s   d e v e l o p i n g   a  

h i g h   p r e s s u r e   to   c a u s e   f l u i d   w i t h i n   i n j e c t o r   40a   to   b e  

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

d i s t r i b u t i o n   s l o t   1 5 0 ,   w i t h   t h e   n e x t   i n j e c t o r   in   t h e  

f i r i n g   s e q u e n c e   t h e r e i n   c h a r g i n g   t h i s   n e x t   i n j e c t o r ,   s u c h  

as  i n j e c t o r   4 0 b ,   w i t h   a  m e t e r e d   q u a n t i t y   of  f u e l .   I n  

a d d i t i o n ,   d u r i n g   t h i s   i n t e r v a l   of  t i m e ,   t he   t r a n s f e r   p u m p  
c o m m u n i c a t e s   w i t h   t h e   i n j e c t o r   40c   t h r o u g h   t h e  

d i s t r i b u t i o n   s l o t   152  s u c h   t h a t   t h e   c o r r e s p o n d i n g   p i s t o n  

170c  of  i n j e c t o r   40c  i s   f o r c e d   to   r e m a i n   a t   t h e   b o t t o m   o f  

i t s   s t r o k e .   As  e a c h   of  t h e   d i s t r i b u t i o n   s l o t s   1 4 8 ,   1 5 0  

and  152  p r o c e e d   to   t h e   r i g h t ,   t h e   i n j e c t i o n   pump  130  w i l l  

be  c o n n e c t e d   to  i n j e c t o r   40b  t h r o u g h   t he   d i s t r i b u t i o n  

s l o t   1 4 8 ,   t h e   o p e n i n g   1 6 0 b   and  t h e   i n j e c t i o n   l i n e   4 4 b .  

D u r i n g   t h i s   p e r i o d   of  t i m e   the   d i s t r i b u t i o n   s l o t   150  i s  

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

as  t h e   i n j e c t o r   4 0 c ,   t h r o u g h   t h e   i n t e r a c t i o n   w i t h   t h e  

o p e n i n g   1 6 0 c .   In  a d d i t i o n ,   d u r i n g   t h i s   s u b s e q u e n t   p e r i o d  

of   t i m e ,   t h e   d i s t r i b u t i o n   s l o t   152  i s   p l a c e d   i n  

c o m m u n i c a t i o n   w i t h   a  s u b s e q u e n t   i n j e c t o r   s u c h   as   i n j e c t o r  

40d  t h r o u g h   t h e   i n t e r a c t i o n   of  t h e   o p e n i n g   140d   and  t h e  

i n j e c t i o n   l i n e   4 4 d ,   t h u s   p r e p a r i n g   t h i s   s u b s e q u e n t  

i n j e c t o r   ( 4 0 d )   f o r   a  s u b s e q u e n t   m e t e r i n g   e v e n t   or  c y c l e .  

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

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

t h e   i n j e c t i o n   l i n e s   44  by  s e l e c t i v e l y   v e n t i n g   to   t h e   f u e l  

t a n k   34  e a c h   i n j e c t o r  4 0 ,   t h u s   p e r m i t t i n g   f l u i d   to   f l o w  

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

i n j e c t i o n  l i n e   44  i n t o   t he   d i s t r i b u t i o n   s l o t   1 5 0 ,   t h r o u g h  



t he   m e t e r i n g   v a l v e   56  t h r o u g h   t he   p r e s s u r e   l i n e s   124  a n d  

164  to   t h e   f u e l   t a n k   3 4 .  

R e f e r e n c e   i s   now  made  to  t he   h y d r a u l i c   s c h e m a t i c   o f  

i n j e c t o r   40a   as   shown  in  t h e   l o w e r   p o r t i o n   of   FIGURE  2 .  

Each  i n j e c t o r   40  c o m p r i s e s   a  h o u s i n g   ( n o t   shown)   h a v i n g  

s i t u a t e d   t h e r e i n   a  r e c i p r o c a t i n g   p i s t o n   170   w h i c h  

i n c l u d e s   an  u p p e r   p i s t o n   member  172  and  a  l o w e r   p i s t o n  

member   1 7 4 .   The  u p p e r   p i s t o n   member   has   a  p r e s s u r e  
r e c e i v i n g   s u r f a c e   176  w h i c h   is   s i t u a t e d   a d j a c e n t   to  a n  

u p p e r   p r e s s u r e   r e c e i v i n g   c h a m b e r   1 8 0 .   The  u p p e r   p i s t o n  

member  172  f u r t h e r   i n c l u d e s   a  m i d d l e   s u r f a c e   182  s i t u a t e d  

p r o x i m a t e   a  m i d d l e   c h a m b e r   1 8 4 .   The  l o w e r   p i s t o n   m e m b e r  

i n c l u d e s   a t   i t s   l o w e r   end  a  l o w e r   s u r f a c e   188  w h i c h  

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

m e t e r i n g   c h a m b e r   186 .   The  m e t e r i n g   c h a m b e r   i s   c o n n e c t e d  

to  t h e   p r e s s u r e   l i n e   46  by  a  c h e c k   v a l v e   190  and  a  f l u i d  

p a s s a g e   1 9 2 .   In  a d d i t i o n ,   t he   m e t e r i n g   c h a m b e r   186  i s  

c o n n e c t e d   to   a  n o z z l e   194  t h r o u g h   a  m e t e r i n g   p o r t   196  a n d  

f l u i d   p a s s a g e s  1 9 8   and  t h r o u g h   a  d a m p i n g   o r i f i c e   204 .   I n  

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

p a s s a g e   206  to   a  s e c o n d a r y   dump  p o r t   208 .   The  dump  p o r t  

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

c h a m b e r   184  v i a   a  f l u i d   p a s s a g e   210  f a b r i c a t e d   w i t h i n   t h e  

l o w e r   p i s t o n   m e m b e r .   D e p e n d i n g   upon   t h e   p o s i t i o n   of  t h e  

p i s t o n   1 7 0 ,   t h e   f l u i d   p a s s a g e   206  i s   e i t h e r   d e a d   e n d e d   o r  

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

210 ,   t h e   m i d d l e   c h a m b e r   184 ,   t he   f l u i d   p a s s a g e   222  a n d  

t he   p r e s s u r e   l i n e   4 6 a .  

R e f e r e n c e   i s   a g a i n   made  to  t h e   u p p e r   p i s t o n   m e m b e r  

172 .   The  u p p e r   p i s t o n   member   c o n t a i n s   a  l o n g i t u d i n a l  

f l u i d   p a s s a g e   214  h a v i n g   i n s e r t e d   t h e r e i n   a  l a m i n a r   f l o w  

r e s t r i c t o r   2 1 6 .   The  o u t p u t   o f   t h e   l a m i n a r   f l o w  

r e s t r i c t o r   i s   c o n n e c t e d   to  a  t r a n s v e r s e   f l u i d   p a s s a g e  
218 .   As  t h e   p i s t o n   170  i s   f o r c e d   to   t h e   b o t t o m   of   i t s  

s t r o k e   by  t h e   p r e s s u r e   of  f l u i d   in  t he   u p p e r   c h a m b e r   1 8 0 ,  



t h e   t r a n s v e r s e   f l u i d   p a s s a g e   218  w i l l   be  p l a c e d   i n  

c o m m u n i c a t i o n   w i t h   a  p r i m a r y   dump  p o r t   220 .   The  d u m p  

p o r t   220  i s ,   in  t u r n ,   c o n n e c t e d   v i a   a  f l u i d   p a s s a g e   2 2 2  

to   t h e   p r e s s u r e   l i n e   46  and  to  t h e   a c c u m u l a t o r   5 0 .  

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

i l l u s t r a t e d   in   FIGURE  2  i s   d i s c u s s e d   i n  - g r e a t e r   d e t a i l  

b e l o w .   As  p r e v i o u s l y   m e n t i o n e d ,   t he   d i s t r i b u t o r   pump  a n d  

m o r e   s p e c i f i c a l l y ,   t h e   t r a n s f e r   pump  1 0 2   and   t h e  

i n j e c t i o n   pump  130  a r e   d r i v e n   by  the   e n g i n e .   In  r e s p o n s e  

to  t h i s   d r i v i n g   m o t i o n ,   t h e   t r a n s f e r   pump  e x t r a c t s   f l u i d  

f r o m   t h e   f l u i d   r e s e r v o i r   or  f u e l   t a n k   34.   The  o u t p u t  

p r e s s u r e   of   t h e   t r a n s f e r   pump  102  i s   m a i n t a i n e d   a t   a  

r e l a t i v e l y   l ow  p r e s s u r e   s u c h   as   200  p s i   by  t h e  

c o o p e r a t i o n   of  t h e   a c c u m u l a t o r   116 .   I t   c a n   be  s e e n ,  

t h e r e f o r ,   t h a t   t h e   p r e s s u r e   in  t he   f l u i d   p a s s a g e s   1 0 6 ,  

1 1 0 ,   1 3 2 ,   136  and  t h e   p r e s s u r e   w i t h i n   t h e   c h e c k   v a l v e   1 4 0  

a r e   m a i n t a i n e d   a t   s u b s t a n t i a l l y   t he   r e g u l a t e d   p r e s s u r e  

s e t   by  t h e   a c c u m u l a t o r   1 1 6 .   The  t r a n s f e r   pump  102  a n d  

a c c u m u l a t o r   116  a r e   s i z e d   s u c h   t h a t   t h e r e   i s   a d e q u a t e  

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

i n j e c t i o n   pump  130 .   A f t e r   t h e   i n j e c t i o n   pump  130  i s  

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

r e s e r v o i r   v i a   l i n e s   122  and  124 .   I t   can   be  s e e n   t h a t   t h e  

p r e s s u r e   w i t h i n   l i n e s   1 2 2 ,   124  and   t h e   r e t u r n   l i n e   64  i s  

s u b s t a n t i a l l y   t h e   p r e s s u r e   of  t he   f u e l   w i t h i n   t h e   f u e l  

t a n k .   T h i s   p r e s s u r e   w o u l d   n o r m a l l y   r e s i d e   a t   a p p r o x -  

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

t a n k   34  i s   v e n t e d   to   t h e   a t m o s p h e r e .   In  a d d i t i o n ,   i t   c a n  

be  shown  t h a t   t h e   r e t u r n   or  o v e r f l o w   l i n e   52  l i n k i n g  

a c c u m u l a t o r   50  w i t h   t h e   f u e l   t a n k   w i l l   a l s o   n o m i n a l l y   b e  

m a i n t a i n e d   a t   t h e   f u e l   t a n k   p r e s s u r e .  

The  t i m i n g   v a l v e   58  i s   n o r m a l l y   m a i n t a i n e d   in  a n  

o p e n   p o s i t i o n   d u r i n g   w h i c h   t i m e   t he   f l u i d   p a s s a g e s   1 4 2 ,  

171  and  t h e   d i s t r i b u t i o n   s l o t   148  a r e   m a i n t a i n e d   a t   t h e  

o u t p u t   p r e s s u r e   of  t h e   i n j e c t o r   pump  1 3 0 .   In  a d d i t i o n ,  



one  of  t h e   l i n e s   44,  t he   u p p e r   c a v i t y   180  and  t h e   f l u i d  

p a s s a g e s   214  and  218  l o c a t e d   w i t h i n   a  s p e c i f i c   i n j e c t o r  

a r e   a l s o   m a i n t a i n e d   a t   t h e   i n j e c t i o n   pump   o u t p u t  

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

v a l v e   146  c o n n e c t s   t he   i n j e c t i o n   pump  130  to  o n l y   one  o f  

t h e   i n j e c t o r s   4 0 a - f   a t   any  s p e c i f i c   t i m e .   In  a d d i t i o n ,  

i t   s h o u l d   be  n o t e d   t h a t   e x c e s s   i n j e c t i o n   pump  f l o w   i s  

r e t u r n e d   to   t h e   r e s e r v o i r   34  t h r o u g h   t h e   t i m i n g   v a l v e   5 8 .  

In  r e s p o n s e   to  a  t i m i n g   s i g n a l   g e n e r a t e d   by  t h e   ECU  6 0 ,  

t h e   t i m i n g   v a l v e   58  i s   c o m m a n d e d   to   c l o s e .   Upon  t h e  

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

and  t r a n s m i t t e d   v i a   one  of  t h e   i n j e c t i o n   l i n e s   44  s u c h   a s  

44a  to  t h e   i n j e c t o r   such   as  40a  p r e s e n t l y   c o n n e c t e d   t o  

t h e   d i s t r i b u t i o n   s l o t   1 4 8 .  

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

and  p r e s s u r e   l i n e s   c o n n e c t e d   to   t h e   i n j e c t i o n   pump  1 3 0  

d u r i n g   t h e   i n t e r v a l s   of  t i m e   when  t he   t i m i n g   v a l v e   58  i s  

o p e n   w i l l   a p p r o x i m a t e l y   be  m a i n t a i n e d   a t   t h e   i n j e c t i o n  

pump  p r e s s u r e   w h i c h   may  be  a b o u t   200  p s i   p l u s   t h e  

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

o r i f i c e   1 4 0 .   H o w e v e r ,   upon   t h e   c l o s i n g   of  t h e   t i m i n g  

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

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

as  h i g h   as   7 , 5 0 0  -   1 5 , 0 0 0   p s i .   In  r e s p o n s e   to   t h i s  

i n c r e a s e d   p r e s s u r e   t r a n s m i t t e d   to  t he   u p p e r   c a v i t y   1 8 0 ,  

t h e   p i s t o n   170  i s   c a u s e d   to   move  d o w n w a r d   t h e r e u p o n  

u r g i n g   any  f l u i d   t h a t   is  w i t h i n   t he   m i d d l e   c h a m b e r   184  t o  

f l o w   t h e r e f r o m   t h r o u g h   t h e   f l u i d   p a s s a g e   222  to  t h e  

a c c u m u l a t o r   50 .   The  f l u i d   t h a t   h a s   b e e n   m e t e r e d ,   by  a  

p r i o r   m e t e r i n g   e v e n t ,   i n t o   t h e   m e t e r i n g   c h a m b e r   186  i s  

c o m p r e s s e d   by  t he   p i s t o n   170  t o   a  p r e s s u r e   s i g n i f i c a n t l y  

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

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

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

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



s u r f a c e   176  and  t h e   a r e a   of  t h e   l o w e r   s u r f a c e   188  of  t h e  

l o w e r   p i s t o n   member   1 7 4 .   F l u i d   a t   t h i s   s u b s t a n t i a l l y  

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

p a s s a g e s   198  and  t h e   o r i f i c e   204  to   t h e   n o z z l e   1 9 4 .   A t  

some  p r e d e t e r m i n e d   p r e s s u r e   t h e   n o z z l e   w i l l   o p e n  

p e r m i t t i n g   f u e l   or  f l u i d   to   be  i n j e c t e d   i n t o   a  s p e c i f i c  

c y l i n d e r   of   t h e   d i e s e l   e n g i n e .   The  p i s t o n   170  w i l l  

c o n t i n u e   i t s   d o w n w a r d   m o t i o n   and  i n j e c t i o n   w i l l   c o n t i n u e  

u n t i l   t h e   l o w e r   p i s t o n   member   174  p l a c e s   f l u i d   p a s s a g e  

210  in   c o m m u n i c a t i o n   w i t h   t h e   f l u i d   p a s s a g e   206  and  d u m p  

p o r t   2 0 8 .   The  o p e n i n g   of   t h e   s e c o n d a r y   dump  p o r t   2 0 8  

p e r m i t s   t h e   h i g h   p r e s s u r e   f u e l   w i t h i n   t h e   m e t e r i n g  

c h a m b e r   186  and  in  t he   f l u i d   p a s s a g e s   198  and  206  to   b e  

r a p i d l y   d u m p e d   t h r o u g h   t h e   p o r t   221  to   t h e   a c c u m u l a t o r   5 0  

t h u s   c a u s i n g   t h e   p r e s s u r e   w i t h i n   t h e   m e t e r i n g   c h a m b e r   1 8 6  

to   d r o p   t h e r e i n   e n h a n c i n g   t h e   r a p i d   t e r m i n a t i o n   o f  

i n j e c t i o n .   The  f l o w   f rom  t h e   pump  is   no  l o n g e r   r e q u i r e d  

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

p o r t   2 2 0 .   T h i s   i s   a c c o m p l i s h e d   as  f o l l o w s .   M o t i o n   o f  

p i s t o n   170  p l a c e s   t h e   f l u i d   p a s s a g e   218  in  c o m m u n i c a t i o n  

w i t h   t h e   p r i m a r y   dump  p o r t   220  t h e r e b y   r e l i e v i n g   t h e  

p r e s s u r e   in   t h e   u p p e r   c h a m b e r   180  and  i t s   a s s o c i a t e d  

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

l i n e   4 4 a .   The  f l o w   t h r o u g h   p o r t s   220  and  221  a r e   u s e d   t o  

keep   t h e   a c c u m u l a t o r   50  f u e l   of  f l u i d   w h i c h   i s   as  t h e  

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

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

c h a m b e r   186   and   t h e   u p p e r   c h a m b e r   180  may  b e  

s i m u l t a n e o u s l y   v e n t e d   to  t h e   p r i m a r y   dump  p o r t   2 2 0 .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   in   t h e   s t e a d y   s t a t e ,  

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

c h a m b e r   180  and  i t s   c o r r e s p o n d i n g   i n j e c t i o n   l i n e s   4 4 a - f  

w i l l   s t a b i l i z e   a t   t h e   p r e s s u r e   d e t e r m i n e d   by  t h e  

a c c u m u l a t o r   50 .   I t   s h o u l d   a l s o   be  n o t e d   t h a t   t h e   d u a l  

d u m p i n g   of   t h e   p r e s s u r e   w i t h i n   t h e   m e t e r i n g   c h a m b e r   1 8 6  



and  t h e   u p p e r   c h a m b e r   180  may  be  p e r f o r m e d   s e q u e n t i a l l y  

or  may  be  s i m u l t a n e o u s l y   v e n t e d   to  p o r t   2 2 0 .  

The  l a m i n a r   f l o w   r e s t r i c t o r   216  i n s u r e s   t h a t   t h e  

p r e s s u r e   w i t h i n   t h e   i n j e c t i o n   l i n e   44  and  u p p e r   c a v i t y  

180  d e c a y s   in  a  c o n t r o l l e d   m a n n e r .   In  a d d i t i o n ,   t h e  

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

w a v e s   in  an  i n j e c t i o n   l i n e   and  i n s u r e s   t h a t   t h e   s p e c i f i c  

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

t he   a c c u m u l a t o r   50  p r i o r   to  t he   n e x t   m e t e r i n g   i n t e r v a l .  

The  l a m i n a r   f l o w   r e s t r i c t o r   may  be  s i z e d   s u c h   t h a t   i t s  

i m p e d a n c e   i s   m a t c h e d   to  t he   i m p e d a n c e   of  i t s   r e s p e c t i v e  

i n j e c t i o n   l i n e   44  w h i c h   may  v a r y   f r o m   i n j e c t o r   t o  

i n j e c t o r .  

S i n c e   the   a c c u m l a t i o n   p r e s s u r e   i s   s e t   in  t he   r a n g e  

of  200  t i   800  p s i ,   t h i s   i s   v e r y   h e l p f u l   in  p r e v e n t i n g  

c a v i t a t i o n .   The  l a i m i n a r   f l o w   r e s t r i c t o r   i s   u sed   t o  

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

a c c u m u l a t o r   116  some  n e g a t i v e   p r e s s u r e   w a v e s   a r e  

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

c a u s e   of   l i n e   f a i l u r e s .   W i t h o u t   t he   l a m i n a r   r e s t r i c t o r ;  

t h e   l i n e s   4 4 a - f   and   4 6 a - f   w o u l d   be  s u s c e p t i b l e   t o  

c a v i t a t i o n   d a m a g e .  

D u r i n g   t he   d u m p i n g   of  t h e   f u e l   t h r o u g h   t h e   d u m p  

p o r t s   208  and  220 ,   t h e   f l u i d   f l o w s   t h r o u g h   t h e   m a n i f o l d  

48  and  t h e n   i n t o   t he   a c c u m u l a t o r   50.  The  i n j e c t i o n   p u m p  

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

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

t h e   a c c u m u l a t o r   50  f i l l e d   in  o r d e r   to  s u p p l y   f l u i d   to  t h e  

m e t e r i n g   c h a m b e r   of  e a c h   i n j e c t o r   40  d u r i n g   t h e   m e t e r i n g  

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

f l u i d   t o w a r d s   t he   r e s e r v o i r   or  f u e l   t a n k   34  to   p e r m i t  

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

f o r   an  a d d i t i o n a l   pump  to  f i l l   t he   i n j e c t o r   d u r i n g  

m e t e r i n g .  

I m m e d i a t e l y   upon  t he   t e r m i n a t i o n   of   an  i n j e c t i o n  



e v e n t   t h e   p i s t o n   w i l l   be  p o s i t i o n e d   a t   t he   b o t t o m   of  i t s  

s t r o k e   w i t h   i t s   r e s p e c t i v e   i n j e c t i o n   l i n e   44  c o n n e c t e d   t o  

t h e   low  p r e s s u r e   dump  p o r t   2 2 0 .   In  t h i s   p o s i t i o n ,   t h e  

p r e s s u r e   i m m e d i a t e l y   a b o v e   and  b e l o w   t h e   p i s t o n   170  w i l l  

be  d e t e r m i n e d   by  t h e   a c c u m u l a t o r   50.   The  p r e s s u r e  

d i f f e r e n t i a l   a c r o s s   t h e   p i s t o n   170  i s   s u b s t a n t i a l l y   z e r o  

and  t h e   p i s t o n   s h o u l d   r e m a i n   in  t h i s   p o s i t i o n   u n t i l   t h e  

n e x t   m e t e r i n g   and  i n j e c t i o n   i n t e r v a l   or  e v e n t .   H o w e v e r ,  

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

a c r o s s   t h e   p i s t o n   170  t h e   p i s t o n   may  e x h i b i t   some  d r i f t  

u p w a r d   p r i o r   to   a  s u b s e q u e n t   m e t e r i n g   i n t e r v a l   or  e v e n t .  

To  i n s u r e   t h e   a c c u r a c y  

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

i n j e c t o r   4 0 a - f ,   t h e   p i s t o n   170  o f   t h a t   p a r t i c u l a r  

i n j e c t o r   w i l l   be  u r g e d   d o w n w a r d   by  t h e   c o o p e r a t i v e   e f f o r t  

of   t h e  f l u i d   p r e s s u r e   from  t h e   t r a n s f e r   pump  102  w h i c h   i s  

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

d i s t r i b u t i o n   s l o t   1 5 2 .  

P r i o r   to   e a c h   i n j e c t i o n   e v e n t   e a c h   i n j e c t o r   4 0 a - f  

m u s t   be  c h a r g e d   w i t h   a  s p e c i f i c   q u a n t i t y   of  f u e l .   I n  

r e s p o n s e   to   an  e l e c t r i c a l   s i g n a l   g e n e r a t e d   by  t h e   ECU  6 0 ,  

t h e   m e t e r i n g   v a l v e   56  i s   a c t i v a t e d   and  an  i n j e c t o r   i s  

c o n n e c t e d   to   t h e   m e t e r i n g   c o n t r o l   v a l v e   56  t h r o u g h   one  o f  

t h e   o p e n i n g s   1 6 0 a - f   in  t h e   d i s t r i b u t o r   v a l v e   1 4 6 .   M o r e  

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

by  t h e  E C U   60  in   c o r r e s p o n d e n c e   w i t h   t h e   p a s s a g e   of  t h e  

m e t e r i n g   s l o t   150  a c r o s s   a  s p e c i f i c   one  of  t h e   o p e n i n g s  

1 6 0 a - f   w i t h i n   t h e   d i s t r i b u t o r   v a l v e   1 4 6 .   In   t h e  

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

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

FIGURE  2.  C o n s e q u e n t l y ,   when  t h e r e   i s   no  p o w e r   o r  

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



w i l l   be  no  f u e l   m e t e r e d   to   t h e   i n j e c t o r s .   I t   s h o u l d   b e  

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

p u r p o s e ,   t h a t   i s ,   f i r s t   to   m e t e r   s p e c i f i c   q u a n t i t i e s   o f  

f u e l   to   t h e   i n j e c t o r s   and  s e c o n d   i t   f u n c t i o n s   as  a  k e y -  
s h u t o f f   v a l v e ,   w h i c h   when  c l o s e d ,   p r o h i b i t s   f u e l   f l o w   t o  

t h e   i n j e c t o r s   t h u s   s h u t t i n g   o f f   t h e   e n g i n e .   I t   i s  

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

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

H o w e v e r ,   t h e   use   of   t he   n o r m a l l y   c l o s e d   m e t e r i n g   v a l v e   i s  

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

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

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

l e s s   power   t h a n   w o u l d   be  u s e d   by  an  e q u i v a l e n t   n o r m a l l y  

open   m e t e r i n g   v a l v e   and  d o e s   n o t   r e q u i r e   a  s e p a r a t e   k e y -  

s h u t o f f   v a l v e .  

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

i n t e r v a l   i s   b e g u n   by  o p e n i n g   t h e   m e t e r i n g  v a l v e   56  i n  

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

60  and  e n d s   when  t h e   m e t e r i n g   v a l v e   i s   c l o s e d .   T h e  

a d v a n t a g e   of   u t i l i z i n g   a  s e p a r a t e   v a l v e   fo r   m e t e r i n g   a n d  

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

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

t h e   two  e v e n t s .   The  i s o l a t i o n   of   t h e s e   f u n c t i o n s   p e r m i t  

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

f u e l   i n j e c t o r   40  and  i m p r o v e s   t h e   o v e r a l l   a c c u r a c y   o f  

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

i n j e c t i o n   e v e n t ,   a  p a r t i c u l a r   p r e s s u r e   l i n e   44  and  t h e  

p r e s s u r e s   in  t h e   u p p e r   and  m i d d l e   c h a m b e r s   1 8 0 ,   184  a n d  

t h e   m e t e r i n g   c h a m b e r   1 8 6 ' o f   t h e   i n j e c t o r   a r e   m a i n t a i n e d  

at   t he   p r e s s u r e   s e t   by  t h e   a c c u m u l a t o r   50.  I t   can   b e  

s e e n   t h a t   t h e   p r e s s u r e s   in  t h e   i n j e c t i o n   l i n e s   44  and  t h e  

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

i n j e c t o r s ,   w i t h   t h e   e x c e p t i o n   of   t h e   i n j e c t o r   w h i c h   i s  

e n t e r i n g   i t s   i n j e c t i o n   c y c l e ,   a r e   m a i n t a i n e d   a t  

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



50.  S i n c e   t h e   e x i t   p o r t   of  t he   o r i f i c e   166  ( w h i c h   i s  

l o c a t e d   p r o x i m a t e   t h e   m e t e r i n g   v a l v e   56)  i s   a t   a  p r e s s u r e  
w h i c h   i s   s u b s t a n t i a l l y   l o w e r   t h a n   t h a t   of  t h e   p r e s s u r e  

s e t   by  t h e   a c c u m u l a t o r   50  upon   t h e   o p e n i n g   of  t h e  

m e t e r i n g   v a l v e   56 ,   f l u i d   w i l l   f l o w   f rom  t he   a c c u m u l a t o r  

50  t h r o u g h   a  s p e c i f i c   i n j e c t o r   40  t o   t h e   d i s t r i b u t i o n  

v a l v e   146  and  t h r o u g h   the   m e t e r i n g   v a l v e   56  to   t h e   f l u i d  

r e s e r v o i r   34 .   The  f l o w   of  f l u i d   f r o m   t h e   a c c u m u l a t o r   5 0  

c a u s e s   t h e   p i s t o n   170  to  r i s e ,   t h u s   f i l l i n g   t h e   s p e c i f i c  

m e t e r i n g   c h a m b e r   1 8 6 .   F l u i d   w i l l   c o n t i n u e   to   e n t e r   t h e  

m e t e r i n g   c h a m b e r   186  u n t i l   t h e   m e t e r i n g   v a l v e   56  i s  

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

of  t h e   a c t i v a t i o n   s i g n a l s   t r a n s m i t t e d   f rom  t he   ECU  6 0 .  

I t   c a n   be  s e e n   t h a t   by  k n o w i n g   t h e   p r e s s u r e  

d i f f e r e n c e s   a c r o s s   t he   i n j e c t o r s   40 ,   t h e   m e t e r i n g   v a l v e  

56  and  t h e   o r i f i c e   166  and  by  d e t e r m i n i n g   t h e   c o m b i n e d  

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

166  and  t h e   i n j e c t i o n   l i n e s   44  and  by  t h e   r e s t r i c t i o n s  

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

d i s t r i b u t i o n   v a l v e   146 ,   t he   f l o w   r a t e   of   f u e l   t h r o u g h   t h e  

m e t e r i n g   v a l v e   can   be  d e t e r m i n e d .   C o n s e q u e n t l y ,   b y  

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

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

c h a m b e r   can   be  c o n t r o l l e d .  

In  a d d i t i o n ,   i t   can  be  s e e n   t h a t   t he   l a m i n a r   f l o w  

r e s t r i c t o r   216  i s   a l s o   h e l p f u l   in   c o n t r o l l i n g   t h e   l i n e  

d y n a m i c s   when  t h e   m e t e r i n g   v a l v e   56  i s   o p e n e d .   By 

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

r e s t r i c t o r   p r e v e n t s   l i n e   c a v i t a t i o n   a t   t h e   s t a r t   o f  

m e t e r i n g   and  more   i m p o r t a n t l y   r e s t r i c t s   f l o w   f r o m   t h e  

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

d i r e c t l y   f r o m   l i n e   222  to  l i n e   44  t h r o u g h   p a s s a g e s   2 2 0 ;  

218 ,   214  w h i c h   w o u l d  n o t   a l l o w   t h e   p i s t o n   170  to   m o v e  

d u r i n g   m e t e r i n g .  

A l m o s t   i m m e d i a t e l y   a f t e r   t h e   m e t e r i n g   e v e n t   i s  



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

i n j e c t i o n   pump  130  to   t h e   i n j e c t o r   40  w h i c h   h a s   j u s t  

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

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

As  p r e v i o u s l y   m e n t i o n e d ,   i t   i s   d e s i r a b l e   to  i s o l a t e  

t h e   i n j e c t i o n   e v e n t s   f rom  t h e   m e t e r i n g   e v e n t s .   I t   h a s  

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

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

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

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

a p p r o p r i a t e   i n j e c t i o n   l i n e   44  d o e s   n o t   d r o p   b e l o w   t h e  

p r e s s u r e   of   t h e   m e t e r i n g   c h a m b e r   1 8 6 .   I f   t h i s   c o n d i t i o n  

i s   a l l o w e d   to  o c c u r ,   t h e   p i s t o n   170  w i l l   move  upward   a n d  

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

c h a m b e r   186 .   To  p r e v e n t   t h i s   u n n e c e s s a r y   i n t r o d u c t i o n   o f  

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

c r e a t e   e i t h e r   a  h i g h e r   s u p p l y   p r e s s u r e ,   w h i c h   i s  

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

102  and  t he   a c c u m u l a t o r   1 1 6 ,   or  to  d e v e l o p   a  h i g h  

p r e s s u r e   f rom  t h e   i n j e c t i o n   p u m p .  
The  i n j e c t i o n   pump  p r e s s u r e   can  be  shown  to  be  a  

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

t h e   t i m i n g   v a l v e   5 8 .   As  an  e x a m p l e   u n d e r   n o r m a l  

o p e r a t i n g   c o n d i t i o n s ,   t h e   s p e e d   of   t h e   i n j e c t i o n   pump  m a y  

c h a n g e   by  f a c t o r   of  4,  c o n s e q u e n t l y ,   t h e   o u t p u t   p r e s s u r e  
of   t h e   i n j e c t i o n   pump  130  may  c h a n g e   by  a  f a c t o r   of  1 6  

when  t h e   t i m i n g   v a l v e   i s   o p e n .   I f   t h e   r e s t r i c t i o n   of  t h e  

t i m i n g   v a l v e   58  i s   t o o   s m a l l ,   t h e n   a t   h i g h   o p e r a t i n g  

s p e e d s   t h e   i n j e c t i o n   l i n e ' 4 4   w i l l   be  p r e s s u r i z e d   too   s o o n  

and  p r e m a t u r e   i n j e c t i o n   may  o c c u r .   I f ,   h o w e v e r ,   t h e  

r e s t r i c t i o n   of   t h e   t i m i n g   v a l v e   58  is   too   s m a l l ,   t h e  

p r e s s u r e   of   t h e   i n j e c t i o n   pump  130  p r i o r   to  t h e   t i m e   t h a t  

t h e   t i m i n g   v a l v e   58  i s   c l o s e d ,   may  be  r e d u c e d   b e l o w   t h a t  

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

m e t e r i n g   may  o c c u r .   The  u n w a n t e d   m e t e r i n g   p r o b l e m   can   b e  



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

m e n t i o n e d ,   on  t h e   i n j e c t i o n   pump  s i d e   of   t h e   t i m i n g   v a l v e  

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

b a c k - p r e s s u r e   v a l v e   140  may  be  i n t r o d u c e d   i n t o   t h e  

s y s t e m .  

I t   i s   c o n t e m p l a t e d   t h a t   t h i s   b a c k - p r e s s u r e   v a l v e   1 4 0 ,  

may  be  o f   t h e   v a r i e t y   h a v i n g   two  a r e a   l i m i t s .   As  t h e  

i n j e c t i o n   pump  s p e e d   i n c r e a s e s ,   t h a t   i s ,   as  t h e   i n j e c t i o n  

pump  p r e s s u r e   s i m i l a r l y   i n c r e a s e s ,   t h e   b a c k - p r e s s u r e  

v a l v e   140  w i l l   o p e n   to  m a i n t a i n   t h e   i n j e c t i o n   p u m p  

p r e s s u r e   b e l o w   i n j e c t i o n   p r e s s u r e   l e v e l s .   D u r i n g   t h e  

l o w e r   s p e e d   c o n d i t i o n s ,   t h e   b a c k - p r e s s u r e   v a l v e   140  w i l l  

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

i n j e c t i o n   pump  130  t o   d e v e l o p   a  s u f f i c i e n t l y   h i g h  

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

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

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

I t   can   be  s e e n   t h a t   by  u s i n g   a  d i s t r i b u t i o n   pump  3 0  

h a v i n g   two  s o l e n o i d   v a l v e s   56  and  58,   t h e   m e t e r i n g ,  

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

a c c o m p l i s h e d .   By  u t i l i z i n g   a  d i s t r i b u t o r   pump  w h i c h  

i n c l u d e s   a  s i n g l e   i n j e c t i o n   pump  1 3 0 ,   p e r m i t s   t h e  

i n j e c t i o n   pump  130  to   be  s i z e d   as  a  med ium  o u t p u t   l e v e l  

p r e s s u r e   pump  h a v i n g   a  peak   o u t p u t   p r e s s u r e   of  8 , 0 0 0   p s i .  

In  a d d i t i o n ,   by  i n c l u d i n g   w i t h i n   t he   d i s t r i b u t o r   pump  3 0  

an  a c c u m u l a t o r ,   s u c h   as  a c c u m u l a t o r   116 ,   p e r m i t s   t h e  

t r a n s f e r   pump  102  and  a s s o c i a t e d   f i l t e r s   to   be  s m a l l e r  

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

t r a n s f e r   pump  i s   r e d u c e d .   In  a d d i t i o n ,   by  s i z i n g   t h e  

o r i f i c e s   w i t h i n   t h e   m e t e r i n g   v a l v e   56  and  t h e   o r i f i c e  

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

In  a d d i t i o n ,   i t   can   be  s e e n   t h a t   t he   m e t e r i n g   and  t i m i n g  

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

l i n e   44  f r o m   t h e   d i s t r i b u t o r   pump  146  to   a n y   s p e c i f i c  

i n j e c t o r   and  a n o t h e r   s i n g l e   low  p r e s s u r e   l i n e   46  w h i c h   i s  



m a n i f o l d e d   t o g e t h e r .   C o n s e q u e n t l y ,   t h e r e   i s   o n l y   o n e  

common  f u e l   l i n e   w h i c h   i s   r e t u r n e d   f r o m   a l l   i n j e c t o r s   4 0  

to  t he   r e s e r v o i r   or  f u e l   t a n k   34.   F i n a l l y ,   t h e   m e t h o d   o f  

u s i n g   d u a l   p o r t i n g   w i t h i n   t h e   i n j e c t o r   40  to  v e r y   q u i c k l y  

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

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

ing  t h e   f l u i d   in  each   r e s p e c t i v e   i n j e c t i o n   l i n e   4 4 .  

R e f e r e n c e   i s   now  made  to   F i g u r e s   3  and  4  w h i c h  

i l l u s t r a t e   one  of  the   p r e s s u r e   a c t i v a t e d   f u e l   i n j e c t o r s  

40  w h i c h   h a s   h e r e t o f o r   b e e n   shown  s c h e m a t i c a l l y   in  F i g u r e  

2.  Where   p o s s i b l e ,   t he   n u m e r a l s   u t i l i z e d   to  i l l u s t r a t e  

t h e   f e a t u r e s   of   t h e   i n v e n t i o n   shown  in  t h e   s c h e m a t i c  

d i a g r a m   o f   F i g u r e   2  w i l l   be  u s e d   in   t h e   d e t a i l e d  

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

shown  a  p r e s s u r e   a c t i v a t e d   f u e l   i n j e c t o r   2 5 0  h a v i n g   a n  

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

f o l l o w i n g   m e m b e r s :   a  head   252 ,   a  h o l l o w   s l e e v e   254 ,   a  

s p r i n g   r e t a i n e r   256  and  a  n o z z l e   h o u s i n g   258  w h i c h   i s  

a d a p t e d   to  r e c e i v e   the   n o z z l e   1 9 4 .   Upon  a s s e m b l y   o f  t h e  

i n j e c t o r   c o m p o n e n t s   2 5 2 - 2 5 8   and  194  e a c h   i n j e c t o r   250  i s  

i n s e r t e d   w i t h i n   t he   e n g i n e .   The  e n g i n e   i s   a d a p t e d   t o  

r e c e i v e   a  h o l l o w   j a c k e t   or  s l e e v e   2 6 0 .   The  s l e e v e   260  i s  

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

b l o c k .   The  s l e e v e   260  c o m p r i s e s   a  s u b s t a n t i a l l y   h o l l o w  

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

s t e p - l i k e   d i m e n s i o n s   of   t h e   e x t e r i o r   of  t he   i n j e c t o r   2 5 0  

t h e r e i n   p e r m i t t i n g   a  f o r m   f i t   t h e r e b e t w e e n .   The  s l e e v e  

260  i s   p r e f e r r a b l y   f a b r i c a t e d   f r o m   a  m e t a l   or  o t h e r  

m a t e r i a l   h a v i n g   good  t h e r m a l   t r a n s f e r   c h a r a c t e r i s t i c s .  

The  s l e e v e   a i d s   in  t h e   t h e r m a l   t r a n s f e r   b e t w e e n   t h e  

i n j e c t o r   250  and  the   e n g i n e .   The  s l e e v e   260  f u r t h e r  

i n c l u d e s   an  end  262  h a v i n g   an  o p e n i n g   264  t h e r e i n   t o  

p e r m i t   t h e   e x t e n s i o n   .of  t he   n o z z l e   194  t h e r e t h r o u g h .   A 

w a s h e r - l i k e   s e a l i n g   r i n g   or   s p a c e r   266  i n t e r p o s e s   t h e  

n o z z l e   h o u s i n g   258  and  t he   end  262  to   p r o v i d e   a  s e a l  



b e t w e e n   t h e   s l e e v e   260  and  t he   n o z z l e   194  to   p r e v e n t  

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

t h e   e n g i n e   f rom  e x i t i n g   t h e r e f r o m .  

The  f o l l o w i n g   d i s c u s s i o n   r e l a t e s   to   a  more   d e t a i l e d  

d e s c r i p t i o n   of  t h o s e   c o m p o n e n t s   c o m p r i s i n g   t h e   i n j e c t o r  

250 .   More  s p e c i f i c a l l y ,   t h e   h e a d   252  i s   a  c u p - s h a p e d  ,  

member  h a v i n g   an  end  270  t h a t   is  a d a p t e d   to  c o n n e c t   w i t h  

one   o f   t h e   i n j e c t i o n   l i n e s   44 ;   i n   t h e   p r e f e r r e d  

e m b o d i m e n t ,   a  t h r e a d e d   c o n n e c t i o n   272  i s   u t i l i z e d .   T h e  

h e a d   252  a l s o   c o n t a i n s   a  c i r c u m f e r e n t i a l   w a l l   274  h a v i n g  

l o c a t e d   t h e r e i n   an  o u t p u t   p a s s a g e   276  t h a t   i s   a d a p t e d   t o  

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

46.   An  i n n e r   p o r t i o n   of  t he   c i r c u m f e r e n t i a l   w a l l   274  i s  

a d a p t e d   to   e n g a g e   t h e   h o l l o w   s l e e v e   254  a t   t h e   t h r e a d e d  

c o n n e c t i o n   278  t h e r e b e t w e e n .   The  s l e e v e   254  i s   f u r t h e r  

a d a p t e d   to   r e c e i v e   a  r e s i l i e n t   s e a l   s u c h   as  t h e   O - r i n g  

280  to   a f f e c t   a  s e a l   b e t w e e n   the   o u t e r   edge   of  t h e   s l e e v e  

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

274 .   The  s l e e v e   254  f u r t h e r   c o m p r i s e s   a  s t e p - l i k e   b o r e  

i n c l u d i n g   a  l a r g e r   b o r e   282  w h i c h   t e r m i n a t e s   i n   a  

n a r r o w e r   o p e n i n g   2 8 4 .   The  t r a n s i t i o n   s u r f a c e   b e t w e e n   t h e  

b o r e   282  and  t h e   o p e n i n g   284  t h e   f o r m i n g   a  s h o u l d e r   2 8 6 .  

A  m u l t i p i e c e   p i s t o n   r e t a i n e r   290  i s   r e c e i v e d   w i t h i n  

t h e   i n n e r   c y l i n d r i c a l   w a l l   or  b o r e   282  of   t h e   s l e e v e   2 5 4 .  

The  p i s t o n   r e t a i n e r   290  c o m p r i s e s   an  u p p e r   member   292  a n d  

a  l o w e r   m e m b e r   2 9 4 .   The  u p p e r   member   292  i s   a  s u b s t a n -  

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

f l u i d   p a s s a g e   2 2 2 .   Upon  a s s e m b l y ,   t h e   f l u i d   p a s s a g e   2 2 2  

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

p a s s a g e   2 7 6 .   In  a d d i t i o n ,   t h e   u p p e r   member   292  f u r t h e r  

i n c l u d e s   a  b o r e   296  w h i c h   is   s i z e d   to   s l i d a b l y   r e c e i v e  

t h e   u p p e r   p i s t o n   member   1 7 2 .  

Upon  a s s e m b l y ,   t h e   u p p e r   member  292  i s   m a i n t a i n e d   i n  

a  s p a c e d   a p a r t   r e l a t i o n s h i p   r e l a t i v e   to   t h e   end   270  by  a  
h o l l o w e d   end  c a p   2 9 8 .   The  end  cap   298  i n c l u d e s   a  



s h o u l d e r   300  w h i c h   is   l o c a t e d   b e t w e e n   a  n a r r o w   b o r e   3 0 2  

and  a  w i d e r   b o r e   3 0 4 .   Bo th   of   t h e   b o r e s   302  and  304  a r e  
m a i n t a i n e d   in  f l u i d   c o m m u n i c a t i o n   w i t h   a  p a r t i c u l a r   o n e  

of   t h e   i n j e c t i o n   l i n e s   44 .   An  u p p e r   s u r f a c e   306  of  t h e  

end  cap   i s   a d a p t e d   to  r e c e i v e   a  s e a l i n g   member  such   a s  

t h e   O - r i n g   308  w h i c h   c r e a t e s   a  s e a l   b e t w e e n   t h e   end  c a p  
298  and  t h e   r e s p e c t i v e   m a t i n g   s u r f a c e s   of  t he   end  270  o f  

t h e   h e a d   2 5 2 .  

R e f e r e n c e   i s   now  made  to  t he   l o w e r   member  294  w h i c h  

c o n t a i n s   in   i t s   u p p e r   end  an  a n n u l a r   r e c e s s   310  w h i c h   i s  

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

2 2 2 .   In  a d d i t i o n ,   t h e   a n n u l a r   r e c e s s   310  c o m p r i s e s   a  

p o r t i o n   of  t he   m i d d l e   c h a m b e r   1 8 4 .   The  l o w e r   member  2 9 4  

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

b o r e   312  and  a  s e c o n d   w i d e r   b o r e   314  w h i c h   i s   l o c a t e d  

p r o x i m a t e   t h e   l o w e r   end  of   t h e   s e c o n d   member  294 .   T h e  

d i a m e t e r   of  t he   f i r s t   b o r e   312  i s   s i z e d   to  s l i d a b l y  

r e c e i v e   t h e   l o w e r   p i s t o n   member   174  and  t he   s e c o n d   b o r e  

314  may  be  p o s i t i o n e d   w i t h i n   t h e   l o w e r   member  294  s u c h  

t h a t   i t s   u p p e r   e x t r e m e   i s   b e l o w   t h e   l o w e r   s u r f a c e   188  o f  

t he   p i s t o n   170  when  the   p i s t o n   i s   in  i t s   u p p e r m o s t  

p o s i t i o n   of  t r a v e l .   As  can   be  s e e n   f rom  F i g u r e   3,  t h e  

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

c h a m b e r   186  w h i c h   has   b e e n   s c h e m a t i c a l l y   i l l u s t r a t e d   i n  

F i g u r e   2.  The  l o w e r   member  294  f u r t h e r   i n c l u d e s   a n  

e x t e n s i o n   of   f l u i d   p a s s a g e   222  w h i c h   i s   i l l u s t r a t e d   a s  

222 '   w h i c h   i n t e r s e c t s   t he   a n n u l a r   r e c e s s   310  and  e x t e n d s  

t h r o u g h   i t s   e n t i r e   l e n g t h .   The  l o w e r   member  294  f u r t h e r  

i n c l u d e s   t he   f l u i d   p a s s a g e   206  w h i c h   e x t e n d s   u p w a r d s   f r o m  

i t s   l o w e r   e n d .   The  f l u i d   p a s s a g e   206  i s   m a i n t a i n e d   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   t h e   s e c o n d   b o r e   314  t h r o u g h   a  

m e t e r i n g   p o r t   196  and  in  c o m m u n i c a t i o n   w i t h   t h e   f i r s t  

b o r e   312  t h r o u g h   the   s e c o n d a r y   dump  p o r t   208 .   T h e  

l o c a t i o n   of  t h e   s e c o n d a r y   dump  p o r t   208  w i t h i n   t h e   f i r s t  

b o r e   312  i s   c h o s e n   in  c o n j u n c t i o n   w i t h   t h e   s i z e   o f  



v a r i o u s   p o r t i o n s   of   t h e   p i s t o n   1 7 0 .  

R e f e r e n c e   i s   now  made  to  t h e   p i s t o n   170  w h i c h   i s  

s l i d a b l y   r e c e i v e d   w i t h i n   t h e   p i s t o n   r e t a i n e r   290  and  m o r e  

s p e c i f i c a l l y   w i t h i n   t h e   u p p e r   and  l o w e r   m e m b e r s   292  a n d  

294  r e s p e c t i v e l y .   As  p r e v i o u s l y   m e n t i o n e d ,   t h e   p i s t o n  

170  c o m p r i s e s   a  c y l i n d r i c a l   u p p e r   member   172  and  a  

n a r r o w e r   c y l i n d r i c a l   l o w e r   member  1 7 4 .   T h e  u p p e r   m e m b e r  

172  c o n t a i n s   a  c e n t r a l   f l u i d   p a s s a g e   214  h a v i n g   s i t u a t e d  

t h e r e i n   t h e   l a m i n a r   f l o w   r e s t r i c t o r   216 .   The  l a m i n a r  

f l o w   r e s t r i c t o r   216  i s   s e c u r e d   w i t h i n   t he   f l u i d   p a s s a g e  

214  by  a  h o l l o w   r e t a i n i n g   n u t   320  h a v i n g   a  c e n t r a l  

p a s s a g e   322  t h e r e i n .   In  t h i s   m a n n e r ,   f u e l   can   b e  

r e c e i v e d   f r o m   a  p a r t i c u l a r   i n j e c t i o n   l i n e   4 4 ,  

c o m m u n i c a t e d   t h r o u g h   b o r e   302 ,   p a s s a g e   322  and  to  t h e  

l a m i n a r   f l o w   r e s t r i c t o r   216 .   The  l o w e r   p o r t i o n   of  t h e  

f l u i d   p a s s a g e   214  t e r m i n a t e s   a t   t h e   t r a n s v e r s e   f l u i d  

p a s s a g e s   218  and  2 1 8 ' .   When  t h e   p i s t o n   170  i s   a t   i t s  

u p p e r   e x t r e m e s   of  t r a v e l   f l u i d   f l o w   t h r o u g h   p a s s a g e s   2 1 8  

and  2 1 8 '   i s   p r o h i b i t e d   due  to   t h e   i n t e r a c t i o n   w i t h   t h e  

c l o s e l y   f i t t e d   b o r e   2 9 6 .  

The  n a r r o w e r   c y l i n d r i c a l   l o w e r   member   174  of  t h e  

p i s t o n   170  c o m p r i s e s   a  f i r s t   s e c t i o n   326  h a v i n g   a  c r o s s -  

s e c t i o n a l   a r e a   c o m p o r t i n g   w i t h   t he   c r o s s - s e c t i o n a l   a r e a  

of  b o r e   312  and  a  s e c o n d   n a r r o w e r   s e c t i o n   or  p o r t i o n   3 2 8 .  

The  l o w e r   p i s t o n   member   174  i s   a t t a c h e d   to   t h e   u p p e r  

p i s t o n   member   172  by  t h e   c o o p e r a t i o n   of  a  p r o t r u d i n g  

e l e m e n t   330  w h i c h   e x t e n d s   f rom  the   u p p e r   p i s t o n   m e m b e r  

174  i n t o   a  b o r e   332  l o c a t e d   w i t h i n   t h e   s e c o n d   n a r r o w e r  

p o r t i o n   328  of   t h e   l o w e r   member  174 .   A  p i n   334  s e c u r e s  

t h e   p r o t r u d i n g   m e m b e r   330  to  t h e   l o w e r   member   1 7 4 .  

R e f e r e n c e   i s   b r i e f l y   made  to  F i g u r e   4  w h i c h   i s   a  

p a r t i a l   s e c t i o n a l   v i e w   of  t h e   i n j e c t o r   250  d e p i c t i n g   t h e  

p i s t o n   170  a t   i t s   l o w e r   e x t r e m e   of  t r a v e l .   In  t h i s  

p o s i t i o n ,   t h e   s e c o n d a r y   dump  p o r t   208  i s   m a i n t a i n e d   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   t he   a n n u l a r   r e c e s s   314  by  v i r t u e  



of  t h e   s i z i n g   of  the   n a r r o w e r   s e c o n d   s e c t i o n   328  of  t h e  

l o w e r   m e m b e r   174 .   In  t h i s   m a n n e r   when  t h e   p i s t i o n   170  i s  

a t   i t s   l o w e r   e x t r e m e   of  t r a v e l ,   f l u i d   w i t h i n   p a s s a g e   2 0 6  

may  be  v e n t e d   to   t h e   o u t p u t   p a s s a g e   2 7 6 .   In  t h i s  

p o s i t i o n   t h e   t r a n s i t i o n   s u r f a c e   340  b e t w e e n   t he   w i d e r  

f i r s t   s e c t i o n   326  and  t h e   n a r r o w e r   s e c o n d   s e c t i o n   328  o f  

t h e   l o w e r   p i s t o n   member  174 ,   is   s i t u a t e d   j u s t   b e l o w   t h e  

u p p e r   e x t r e m e   of  t h e   s e c o n d a r y   dump  p o r t   2 0 8 .   In  t h i s  

p o s i t i o n   f l u i d   can  f l o w   f rom  t he   f l u i d   p a s s a g e   2 0 6  

t h r o u g h   t h e   s e c o n d a r y   dump  p o r t   208  t h r o u g h   t h e   f l u i d  

p a s s a g e   f o r m e d   b e t w e e n   t he   b o r e   312  and  t h e   n a r r o w e r  

s e c o n d   s e c t i o n   328  i n t o   t h e   r e c e s s   310  and  to   t h e   o u t p u t  

p a s s a g e   276  v i a   t he   f l u i d   p a s s a g e   222 .   I t   s h o u l d   b e  

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

s u r f a c e   of   b o r e   312  and  the   o u t e r   s u r f a c e   of  t h e   s e c o n d  

s e c t i o n   326  of  t h e   l o w e r   p i s t o n   member  o p e r a t e s   as  t h e  

f l u i d   p a s s a g e   210  w h i c h   was  s c h e m a t i c a l l y   i l l u s t r a t e d   i n  

F i g u r e   2 .  

In  a d d i t i o n ,   as  p r e v i o u s l y   m e n t i o n e d ,   c o n j u n c t i o n  

w i t h   t h e   d i s c u s s i o n   of  F i g u r e   2,  t h e   d o w n w a r d   m o t i o n   o f  

t h e   p i s t o n   170  a l s o   p l a c e s   the   f l u i d   p a s s a g e   218  ( a n d  

2 1 8 ' )   in   c o m m u n i c a t i o n   w i t h   t h e   p r i m a r y   dump  p o r t   2 2 0  

t h u s   r e l i e v i n g   the   p r e s s u r e   in  t he   u p p e r   c h a m b e r   180  a n d  

u p s t r e a m   f l u i d   p a s s a g e s .   As  i l l u s t r a t e d   in  F i g u r e s   3  a n d  

4  t h e   p r i m a r y   dump  220  p o r t   i n c l u d e s   t he   r e c e s s   310  a s  

w e l l   as   t h e   t r a n s i s t i o n   b e t w e e n   t h e   n a r r o w e r   b o r e   296  o f  

t h e   u p p e r   member  292  and  the   w i d e r   d i a m e t e r   of  t he   r e c e s s  

3 1 0 .   T h i s   t r a n s i s t i o n   may  be  r e f e r r e d   to   as   a  d u m p  

edge   2 2 1 .   As  can  be  s e e n  i n   F i g u r e   4  when  t h e   p i s t o n   1 7 0  

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

l o w e r   e d g e   of  p a s s a g e   218  p a s s e s   t he   dump  s u r f a c e   and  i s  

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

184  or  r e c e s s   310  t h e r e i n   p r o v i d i n g   t h e   p r i m a r y   d u m p i n g  

to  t h e   a c c u m u l a t o r   50  f o r   f l u i d   w i t h i n   t h e . f l u i d   p a s s a g e  
214 .   T h a t   i s ,   f u e l   w i t h i n   p a s s a g e   214  can   f l o w   t h r o u g h  



f l u i d   p a s s a g e s   218  and  2 1 8 '   t h r o u g h   t h e   a n n u l a r   r e c e s s  

310  and  to   t h e   o u t p u t   p a s s a g e   276  v i a   t he   i n t e r m e d i a r y  

f l u i d   p a s s a g e   2 2 2 .  

R e f e r e n c e   i s   a g a i n   made  to  F i g u r e   3.  T h e r e   i s   s h o w n  

a  s p a c e r   350  i n t e r p o s i n g   t h e   l o w e r   member   294  and  t h e  

s p r i n g   r e t a i n e r   256 .   The  s p a c e r   350  i s   f a b r i c a t e d   h a v i n g  

a  c e n t r a l   o p e n i n g   352  w h i c h   i s   l o c a t e d   in   f l u i d  

c o m m u n i c a t i o n   w i t h   the   m e t e r i n g   c h a m b e r   186 .   The  s p a c e r  

350  f u r t h e r   i n c l u d e s   two  a d d i t i o n a l   p a s s a g e s   354  and  3 5 6  

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

p a s s a g e s   206  and  222 .   In  a d d i t i o n   t h e   s p a c e r   c o n t a i n s  

t h e r e o n   a  r a d i a l l y   o f f s e t   r e c e s s   358  w h i c h   c o n n e c t s   t h e  

m e t e r i n g   c h a m b e r   186  to  t h e   f l u i d   p a s s a g e   2 0 6 .   T h e  

r e c e s s   358  i s   t he   e q u i v a l e n t   to  t h e   o r i f i c e   204  w h i c h   w a s  

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

w i t h   F i g u r e   2 .  

R e f e r e n c e   i s   now  made  to  t h e   s p r i n g   r e t a i n e r   2 5 6  

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

b o r e   360  l o c a t e d   w i t h i n   t h e   l o w e r   p o r t i o n s   of  t h e   s p r i n g  

r e t a i n e r   w h i c h   i s   a d a p t e d   to  r e c e i v e   a  p l u n g e r   s p r i n g   3 6 2  

and  a  h o l l o w   s p r i n g   s p a c e r s  3 6 4 .   The  p l u n g e r   s p r i n g   i s  

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

s p a c e r ,   a  p l u n g e r   s e a t   366 .   The  u p p e r  e n d   of  t h e   s p r i n g  

r e t a i n e r   256  h a s   s i t u a t e d   t h e r e i n   a  c h e c k   v a l v e   190  w h i c h  

c o m p r i s e s   a  s p r i n g   370  and  a  b a l l   372  w h i c h   i s   a d a p t e d   t o  

r e s t   u p o n   and  s e a l   a  s e a t   374  w h i c h   i s   f a b r i c a t e d   as  p a r t  
o f   t h e   r e t a i n e r   2 5 6 .   The  s p r i n g   r e t a i n e r   f u r t h e r  

i n c l u d e s   a  f l u i d   p a s s a g e   376  w h i c h   i s   a  f u r t h e r   e x t e n s i o n  

of  t h e   f l u i d   p a s s a g e   222 .   The  f l u i d   p a s s a g e   376  a l l o w s  

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

a c c u m u l a t o r   50  t h r o u g h   p a s s a g e s   276 ,   2 2 2 ,  2 2 2 ' ,   354 ,   3 7 6 ,  

3 6 0 ,   t h r o u g h   t h e   c h e c k   v a l v e   190  and  b o r e   1 8 6 .  

The  n e e d l e   s p a c e r   380  f u r t h e r   i n c l u d e s   an  o p e n i n g  

382  w h i c h   i s   a d a p t e d   to   r e c e i v e   a  p o r t i o n   384  of   t h e  

n e e d l e   386  w h i c h   e x t e n d s   t h e r e t h r o u g h   and  s e a t s   w i t h i n  



t he   n e e d l e   s e a t   366 .   The  n e e d l e   s p a c e r   380  f u r t h e r  

i n c l u d e s   an  o f f s e t   p a s s a g e   388  w h i c h   i s   m a i n t a i n e d   i n  

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

p a s s a g e   3 7 8 .  

R e f e r e n c e   is   now  made  to  t he   n o z z l e   h o u s i n g   2 5 8  

w h i c h   h o u s e s   t h e   n o z z l e   194  and  i n c l u d e s   a  c e n t r a l l y  

l o c a t e d   b o r e   390  w h i c h   i s   s i z e d   to  l o o s e l y   r e c e i v e   t h e  

n e e d l e   3 8 6 .   The  b o r e   390  t e r m i n a t e s   in  a  p l u r a l i t y   o f  

i n j e c t i o n   o r i f i c e s   392 .   The  b o r e   390  i s   m a i n t a i n e d   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   p a s s a g e   388  v i a   t h e   f l u i d  

p a s s a g e   3 9 4 .   The  n o z z l e   194  f u r t h e r   p r o v i d e s   a  n e e d l e  

s e a t   396  w h i c h   c o a c t s   w i t h   c o r r e s p o n d i n g   s u r f a c e s   on  t h e  

n e e d l e   386  to  t e r m i n a t e   f l o w   t h r o u g h   t he   b o r e   390  to  t h e  

i n j e c t i o n   o r i f i c e s   3 9 2 .  

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

F i g u r e s   3  and  4  i s   i d e n t i c a l   to  t h e   o p e r a t i o n   of   t h e  

i n j e c t o r   t h a t   was  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 ,  

c o n s e q u e n t l y ,   t h e   o p e r a t i o n   of  t h e   i n j e c t o r   w i l l   n o t   b e  

d i s c u s s e d   in  d e t a i l .   S u f f i c e   i t   to  say  t h a t   t h e   q u a n t i t y  

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

or  p r e m e t e r e d   to  t h e   m e t e r i n g   c h a m b e r   186  t h r o u g h   t h e  

o u t p u t   p a s s a g e   278 ,   t h e   i n t e r m e d i a t e   p a s s a g e s   2 2 2 ,  2 2 2 ' ,  

t h e   m i d d l e   c h a m b e r   1 8 4 ,   t h e   b o r e   360  of  t h e   s p r i n g  

j a c k e t ,   t h e   c h e c k   v a l v e   1 9 0 .   As  t he   m e t e r i n g   c h a m b e r   i s  

f i l l e d ,   t he   p i s t o n   170  w i l l   be  f o r c e d   to  move  u p w a r d .   I n  

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

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

u p p e r   c a v i t y   1 8 0 ,   w h i c h   f o r c e s   t he   p i s t o n   170  d o w n ,   w h i c h  

t h e r e u p o n   c o m p r e s s e s   and  p r e s s u r i z e s   t he   f u e l   w i t h i n   t h e  

m e t e r i n g   c h a m b e r   186  and  f l u i d   p a s s a g e s   206 ,   3 7 8 ,   394  a n d  

b o r e   3 9 0 .   When  the   p r e s s u r e   f o r c e   d e v e l o p e d   a r i s i n g   f r o m  

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

390  and  t h e   n e e d l e   386  e x c e e d s   t he   s p r i n g   b i a s   f o r c e  

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

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



o r i f i c e s   392  l o c a t e d   w i t h i n   t he   n o z z l e   194 .   I n j e c t i o n   i s  

t e r m i n a t e d   by  t h e   i n t e r a c t i o n   of   t h e   p i s t o n   170  w i t h   t h e  

p r i m a r y   and  s e c o n d a r y   dump  p o r t s   220  and  2 0 8 .  

R e f e r e n c e   i s   now  made  to   F i g u r e s   5  t h r o u g h   14,   w h i c h  

i l l u s t r a t e   t he   d e t a i l s   of  t he   d u a l   s o l e n o i d   d i s t r i b u t o r  

pump  30  w h i c h   h a s   b e e n   s c h e m a t i c a l l y   i l l u s t r a t e d   a n d  

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 he   d i s c u s s i o n   of  F i g u r e   2 .  

R e f e r e n c e   i s   made  to   F i g u r e s   5 -9   w h i c h   i l l u s t r a t e   a  

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

a s s e m b l e d   d i s t r i b u t o r   pump  30.   The  d i s t r i b u t o r   pump  3 0  

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

h o u s i n g   4 0 2 ,   t h e   d i s t r i b u t o r   h o u s i n g   404  and   t h e  

a c c u m u l a t o r   v a l v e   h o u s i n g   406 .   The  i n j e c t i o n   pump  130  i s  

s a n d w i c h e d   b e t w e e n   h o u s i n g   s e c t i o n s   402  and  404  w h i c h   a r e  

b o l t e d   t o g e t h e r   by  t h e   s e t   o f   s c r e w s   4 1 0 .   T h e  

a c c u m u l a t o r   v a l v e   h o u s i n g   406  i s   s e p a r a t e d   f rom  t h e  

t r a n s f e r   pump  h o u s i n g   by  t he   t r a n s f e r   pump  102  and  i s  

a t t a c h e d   to   t h e   t r a n s f e r   pump  h o u s i n g   by  t he   s c r e w s   4 1 4 .  

The  d r i v e   h o u s i n g   402  and  the   d i s t r i b u t o r   h o u s i n g   404  a r e  

m a i n t a i n e d   in  r a d i a l   a l i g n m e n t   by  t h e   l o c a t i n g   p i n s   4 1 6  

and  s c r e w s   4 1 8 a - f .   T h e s e   p i n s   a r e   m o r e   c l e a r l y  

i l l u s t r a t e d   in  F i g u r e   8.  The  a c c u m u l a t o r   h o u s i n g   406  i s  

s i m i l a r l y   m a i n t a i n e d   in  a x i a l   a l i g n m e n t   r e l a t i v e   to  t h e  

t r a n s f e r   pump  by  t h e   l o c a t i n g   p i n s   or  d o w e l s   4 2 2 a   and  b .  

T h e s e   p i n s   a r e   shown  in  t he   c u t - a w a y   s e c t i o n s   in  F i g u r e  

9 .  

R e f e r e n c e   i s   now  made  to  t he   l e f t   hand  p o r t i o n   o f  

F i g u r e   7.  T h e r e   i s   shown  a  d r i v i n g   g e a r   4 2 8 .   U p o n  

m o u n t i n g   t h e   d i s t r i b u t o r   pump  30  to   a  d i e s e l   e n g i n e ,   t h e  

d r i v i n g   g e a r   428  i s   a d a p t e d   to   e n g a g e   a  m a t i n g   g e a r   o f  

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

to  p r o p e l   t h e   i n j e c t i o n   pump  130  and  t h e   t r a n s f e r   p u m p  
102 .   A l t e r n a t i v e l y ,   t h e   d r i v i n g   g e a r   428  can  be  r e p l a c e d  

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

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



g e a r   i s   a t t a c h e d ,   in  a  known  m a n n e r ,   to  a  d r i v e   s h a f t  

430 .   The  d r i v e   s h a f t   i s   m o u n t e d   w i t h i n   and  r o t a t e s  

r e l a t i v e   to  t h e - b a l l   b e a r i n g s   432 .   L u b r i c a t i n g   o i l   i s  

s u p p l i e d   to   t h e   c a v i t y   436  f o r   l u b r i c a t i n g   t h e   d r i v e  

s h a f t   and  b a l l   b e a r i n g   432  t h r o u g h   the   f l u i d   p a s s a g e   4 3 8 .  

The  end  of   t h e   f l u i d   p a s s a g e   438  i s   v i s a b l e   in  F i g u r e   5 .  

The  end  of   t h e   f l u i d   p a s s a g e   438  may  be  a d a p t e d   t o  

c o n n e c t   w i t h   a  s o u r c e   of   l u b r i c a t i n g   o i l   in  a  k n o w n  

m a n n e r .   A  s e a l   440  i s o l a t e s   t h e   l u b r i c a t i n g   o i l   f r o m  

o t h e r   p a r t s   of   t h e   d i s t r i b u t o r   p u m p .  

The  d r i v e   s h a f t   430  i s   a  s u b s t a n t i a l l y   c u p - s h a p e d  

member   h a v i n g   an  m i d d l e   c y l i n d r i c a l   p o r t i o n   444  w h i c h   i s  

c o n n e c t e d   to  a  c y l i n d r i c a l   f l a n g e   446 .   The  c y l i n d r i c a l  

f l a n g e   i s   m o u n t e d   c o n c e n t r i c   w i t h   t h e   c e n t r a l   a x i s   434  o f  

t he   i n j e c t i o n   pump  130  and  h o u s e s   a  s e t   o f   r o l l e r  

b e a r i n g s   4 5 0 a ,   b  a n d   c.  T h e s e   r o l l e r   b e a r i n g s   a r e   m o r e  

c l e a r l y   i l l u s t r a t e d   in  F i g u r e   8.  The  m i d d l e   c y l i n d r i c a l  

p o r t i o n   444  of   t h e   d r i v e   s h a f t   i s   s u p p o r t e d   r e l a t i v e   t o  

t h e .   i n j e c t i o n   pump  h o u s i n g   402  by  t h e   n e e d l e   b e a r i n g s  

4 5 2 .  

The  d r i v e   s h a f t   430  i s   d r i v i n g l y   c o u p l e d   to  t h e  

d i s t r i b u t o r   s h a f t   456  w h i c h   i s   c o a x i a l l y   s i t u a t e d  

r e l a t i v e   to  t h e   c e n t r a l   a x i s   434 .   S i n c e   i t   is   d e s i r a b l e  

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

the   d r i v e   s h a f t   430 .   The  d i s t r i b u t o r   s h a f t   456  i s   n o t  

d i r e c t l y   d r i v e n   by  t h e   d r i v e   s h a f t   430 .   The  d i s t r i b u t o r  

s h a f t   is   d r i v i n g l y   c o u p l e d   to  t he   c y l i n d r i c a l   p o r t i o n   4 4 4  

of  t h e   d r i v e   s h a f t   430  t h r o u g h   t h e   s p l i n e s   4 6 0 ,   462  a n d  

t he   s h a f t   4 6 4 .   The  s p l i n e   462  i s   s i t u a t e d   w i t h i n   a  

r e c e s s e d   p o r t i o n   466  of   t h e   d i s t r i b u t o r   s h a f t .  

I t   can   be  s e e n   f rom  F i g u r e   7  t h a t   the   l e f t   h a n d  

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

p a r t   of  t h e   i n j e c t i o n   pump  130  and  t h a t   the   r i g h t   h a n d  

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

t r a n s f e r   pump  102 .   The  i n t e r m e d i a t e   p o r t i o n   of  t h e  



d i s t r i b u t o r   s h a f t   b e t w e e n   t h e   i n j e c t i o n   pump  and  t h e  

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

d i s t r i b u t o r   v a l v e   1 4 6 .  

R e f e r e n c e   is   now  made  to  F i g u r e s   7  and  8  w h i c h  

i l l u s t r a t e   t h e   m a i n   f e a t u r e s   of   t h e   i n j e c t i o n   pump  1 3 0 .  

The  i n j e c t i o n   pump  c o m p r i s e s   t h e   cam  408  w h i c h   i s  

i l l u s t r a t e d   in  F i g u r e   8  as  h a v i n g   s i x   a l t e r n a t i n g   l o b e s  

c o m p r i s i n g   t h e   s i x   l a n d   a r e a s   and  s i x   r e c e s s   a r e a s   4 7 0 a - f  

and  4 7 2 a - f ,   r e s p e c t i v e l y .   The  n u m b e r   of  l a n d s   470  a n d  

c o r r e s p o n d i n g   r e c e s s e s   472  a r e   c h o s e n   b a s e d   on  t he   n u m b e r  

of   i n j e c t o r s   to   be  d r i v e n   by  t h e   d i s t r i b u t i o n   pump  a n d  

t h e   n u m b e r   of  p u m p i n g   p i s t o n s   488 .   The  s h a p i n g   of  t h e  

l a n d s   and  r e c e s s e s   and  t h e   t r a n s i t i o n s   t h e r e b e t w e e n ,  

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

pump  130  and  w i l l   be  d i s c u s s e d   in  c o n j u n c t i o n   w i t h   F i g u r e  

16.   The  i n j e c t i o n   pump  130  f u r t h e r   c o m p r i s e s   a  f i r s t  

r o t a t i n g   member   w h i c h   i s   t h e   c y l i n d r i c a l   f l a n g e   446  o f  

t h e   d r i v e   s h a f t   4 3 0 .   The   c y l i n d r i c a l   f l a n g e   h a s  

f a b r i c a t e d   t h e r e i n   a  p l u r a l i t y   of   b o r e s   4 7 4 a - c .   T h e  

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

s p a c i n g   f r o m   e a c h   o t h e r .   C o n s e q u e n t l y ,   when  i n t e g r a t e d  

w i t h i n   a  d i s t r i b u t o r   pump  30  w h i c h   i s   d e s i g n e d   to  s u p p l y  

f u e l   to   s i x   i n j e c t o r s ,   t h e s e   b o r e s   a r e   l o c a t e d   o n e  

h u n d r e d   and  t w e n t y   d e g r e e s   ( 1 2 0 ° )   f rom  one  a n o t h e r .   T h e  

i n j e c t i o n   pump  130  f u r t h e r   i n c l u d e s   t h r e e   cam  f o l l o w e r s  

s u c h   as  t h e   p r e v i o u s l y   m e n t i o n e d   r o l l e r   b e a r i n g s   4 5 0 a - c .  

Each   cam  f o l l o w e r   or  r o l l e r   b e a r i n g   450  i s   m o u n t e d   w i t h i n  

a  s h o e   4 8 0 a - c ,   e a c h   of  w h i c h   in  t u r n   i s   r e c i p r o c a l l y  

m o u n t e d   w i t h i n   one  of  t h e   t h r e e   b o r e s   4 7 4 a - c .   Each  o f  

t h e   s h o e s   4 8 0 a - c   i s   p r e v e n t e d   f rom  r o t a t i n g   by  a  shoe   p i n  

4 8 2 a - c .   The  l o w e r   p o r t i o n   of  e a c h   o f   t h e   s h o e s   4 8 0  

c o n t a c t s   a  p i s t o n   4 8 4 a - c ,   r e s p e c t i v e l y .   The  p i s t o n s   a r e  

s l i d a b l y   r e c e i v e d   w i t h i n   b o r e s   4 8 6 a - c   w h i c h   a r e  
f a b r i c a t e d   w i t h i n   a  p o r t i o n   of  t h e   d i s t r i b u t o r   s h a f t   4 5 6 .  

In  o p e r a t i o n ,   t h e   d i s t r i b u t o r   s h a f t   456  and  d r i v e  



s h a f t   430  r o t a t e   t o g e t h e r   c a u s i n g   t he   r o l l e r   b e a r i n g s  

4 5 0 a - c   to  f o l l o w   t h e   l a n d s   and  r e c e s s e s   of  t h e   cam  4 0 8 ,  

t h u s   c a u s i n g   e a c h   s h o e   4 8 0 a - c   to  move  r a d i a l l y   i n w a r d   a n d  

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

p i s t o n s   4 8 4 a - c   w h i c h   move   w i t h   r e c i p r o c a t i n g   a c t i o n  

w i t h i n   t h e i r   a p p r o p r i a t e   b o r e s  4 8 6 a - c .   The  m o t i o n   o f  

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

c h a m b e r   4 9 8 ,   i . e . ,   t h e   l o w e r   p o r t i o n   of  t h e   b o r e s   4 8 6  

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

p a s s a g e   490  s h o w n   in   F i g u r e s   12  w h i c h   i s   l o c a t e d  

p r o x i m a t e   the   c h e c k   v a l v e   134 .   As  can   be  s e e n   f r o m  

F i g u r e  8 ,   t h e   l a n d   a r e a s   4 7 0  o f   t h e   cam  f o r c e   t h e   p i s t o n  

in  an  i n w a r d   d i r e c t i o n .   As  t h e   r o l l e r   b e a r i n g s   4 5 0  

c o n t a c t   t h e   r e c e s s   a r e a s   472  of   t h e   cam,  t h e   f l u i d  

p r e s s u r e   w i t h i n   t he   p u m p i n g   c h a m b e r   498  w i l l   c a u s e   e a c h  

p i s t o n   484  to  move  r a d i a l l y   o u t w a r d .   I f ,   h o w e v e r ,   t h e  

p r e s s u r e   of  t he   f l u i d   w i t h i n   t he   p u m p i n g   c h a m b e r   498  i s  

n o t   s u f f i c i e n t   to   move  t h e   p i s t o n   o u t w a r d   and  c o n s t a n t  

r o l l e r   and  cam  c o n t a c t   is   d e s i r e d ,   t h e n   a  s p r i n g   may  b e  

i n s e r t e d   b e t w e e n   t h e   d i s t r i b u t o r   s h a f t   456  and  e a c h   s h o e  

480  t h e r e i n   b i a s i n g   t he   r o l l e r   b e a r i n g s   4 5 0 a - c   a g a i n s t  

t h e   s u r f a c e s   of  t h e   cam  4 0 8 .  

R e f e r e n c e   is  now  made  to  t he   v o l u m e   494  in  F i g u r e   7 

l o c a t e d   b e t w e e n   t h e   o u t e r   s u r f a c e   of  t h e   d r i v e   s h a f t   4 3 0  

and  t h e   cam  408  and  t he   v o l u m e   496  b e t w e e n   t he   i n n e r  

s u r f a c e   of   t h e   d r i v e   s h a f t   430  and  t h e   o u t e r   s u r f a c e   o f  

t h e   d i s t r i b u t o r   s h a f t   456 .   In  o p e r a t i o n ,   t h e   r o l l e r  

b e a r i n g s   w i l l   u s u a l l y   be  in  c o n t a c t   w i t h   t h e   cam  s u r f a c e  

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

r e s p e c t i v e   b o r e s .   C o n s e q u e n t l y ,   to   p r o l o n g   t h e   l i f e   o f  

t he   i n j e c t i o n   130  pump  i t   i s   d e s i r a b l e   to  c o n t i n u o u s l y  

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

f i l l i n g   t he   v o l u m e s   494  and  496  w i t h   a  l u b r i c a t i n g   f l u i d .  

In  t h e   e m b o d i m e n t   of   t h e   d i s t r i b u t o r   p u m p  

i l l u s t r a t e d   in  F i g u r e   7,  i t   has   been   c h o s e n   to  l u b r i c a t e  



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

h o w e v e r   l u b r i c a t i n g   o i l   can   be  u s e d   i f   d e s i r e d .   A s  

i l l u s t r a t e d   in  F i g u r e   7,  f u e l   o i l   i s   u s e d   to   l u b r i c a t e  

t h e   cam  1 4 6 ,   r o l l e r   4 5 0 ,   s h o e s   4 8 0 ,   s p l i n e   464  and  t h e  

n e e d l e   b e a r i n g   4 5 2 .   The  s o u r c e   of  t h i s   f u e l   o i l   i s   t h e  

b y - p a s s   f l o w   f r o m   t h e   a c c u m u l a t o r   116  to   t h e   p a s s a g e   5 3 1 .  

T h e r e   a r e   f o u r   a x i a l   p a s s a g e s   t h r o u g h   t h e   d i s t r i b u t o r  

h o u s i n g   404  w h i c h   c o n n e c t s   v o l u m e   531  to  v o l u m e   494  w h i c h  

is   t h e   v o l u m e   w h e r e   the   cam  1 4 6 ,   r o l l e r s   450 ,   s h o e s   4 8 0 ,  

s p l i n e   a d a p t e r   464  and  n e e d l e   b e a r i n g   452  a r e   b a t h e d   i n  

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

i s   r e t u r n e d   to   t h e   r e s e r v o i r   or  t a n k   34  v i a   t h e   o u t p u t  

p o r t   5 0 8 .   S e a l   5 0 4 ,   in  F i g u r e   7,  i s   u s e d   to  i s o l a t e   t h e  

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

b e a r i n g s   4 3 2 .   A  v e n t   502  i s   u s e d   to  d r a i n   l e a k a g e  

b e t w e e n   t h e   two  s e a l s   436  and  5 0 2 .  

R e f e r e n c e   i s   a g a i n   made  to  t h e   i n j e c t i o n   pump  1 3 0  

and  more   s p e c i f i c a l l y   to   t h e   c e n t r a l l y   l o c a t e d   c h e c k  

v a l v e   1 3 4 .   As  i l l u s t r a t e d   in  F i g u r e   7,  t h e   c h e c k   v a l v e  

c o m p r i s e s   s p r i n g   512  and  p o p p e t   5 1 4 .   The  s p r i n g   5 1 2  

b i a s e s   t h e   p o p p e t   514  to  c l o s e   one  end  of   t h e   f l u i d  

p a s s a g e   132  w h i c h   i s   s i t u a t e d   w i t h i n   t h e   d i s t r i b u t o r  

s h a f t   4 5 6 .   A  m e c h a n i c a l   s t o p   fo r   t h e   p o p p e t   514  i s  

p r o v i d e d   by  t h e   s t o p   516  w h i c h   i s   l o c a t e d   on  t h e   c e n t r a l  

a x i s   434  and  w i t h i n   t he   l o w e r   e x t r e m e s   of  t h e   p u m p i n g  

c h a m b e r   4 9 8 .   The  c o n n e c t i o n s   b e t w e e n   t h e   p u m p i n g   c h a m b e r  

498  and   t h e   d i s t r i b u t o r   v a l v e   146  i s   d i s c u s s e d   i n  

c o n j u n c t i o n   w i t h   F i g u r e   1 2 .  

R e f e r e n c e   i s   now  made  to  t h e   r i g h t   hand  p o r t i o n   o f  

F i g u r e   7  and  more   s p e c i f i c a l l y   to  t h e   e l e m e n t s   of   t h e  

t r a n s f e r   pump  102  as  i l l u s t r a t e d   in  F i g u r e s   7  and  9  a n d  

to  t h e   i n t e r c o n n e c t i n g s   b e t w e e n   t h e   t r a n s f e r   pump  102  a n d  

t he   a c c u m u l a t o r   1 1 6 .  

The  t r a n s f e r   pump  102  may  be  a  c o n v e n t i o n a l   p u m p  
s u c h   as   a  g e r o t o r .   The  t r a n s f e r   pump  i n c l u d e s   t h e   r i g h t  



hand  p o r t i o n   of  t he   d i s t r i b u t o r   s h a f t   456  w h i c h   i s  

a t t a c h e d   to   a  i n n e r   g e a r   530 .   The  i n n e r   g e a r   i s   a x i a l l y  

c e n t e r e d   r e l a t i v e   to  t he   c e n t r a l   a x i s   434 .   A  p i n   or  k e y  

m e c h a n i s m   532   s e c u r e s   t h e   i n n e r   g e a r   530  to   t h e  

d i s t r i b u t o r   s h a f t   4 5 6 .   An  o u t e r   g e a r   534  i s  

e c c e n t r i c a l l y   p o s i t i o n e d   r e l a t i v e   to   t h e   a x i s   434  a n d  

s p a c e d   a p a r t   f rom  the   i n n e r   g e a r   530 .   The  t r a n s f e r   p u m p  

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

5 3 6 a ,   b  a n d   5 3 8 a ,   b.  The  k i d n e y   s h a p e d   s l o t s   536a   a n d  

538a   a r e   f a b r i c a t e d   in  t h e   d i s t r i b u t o r   h o u s i n g   404  w h i l e  

t h e   s l o t s   536b   and  538b  a re   f a b r i c a t e d   in  the   a c c u m u l a t o r  

v a l v e   h o u s i n g   4 0 6 .  

F u e l   i s   r e c e i v e d   by  the   d i s t r i b u t o r   pump  30  a t   i t s  

i n p u t   p o r t   38  ( s e e   F i g u r e   10)  and  t r a n s m i t t e d   t h r o u g h  

i n t e r n a l   f l o w   p a s s a g e s   to  t he   k i d n e y   s h a p e d   s l o t   5 3 8 b .  

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

p r e s s u r e   of  t h e   r e s e r v o i r   or  f u e l   t a n k   34.  T h i s   f l u i d  

w i l l   f i l l   b o t h   t h e   k i d n e y   s l o t s   5 3 8 a   and  b  as  w e l l   as  t h e  

v o l u m e   542  w h i c h   l i n k s   t h e   s l o t s   538a   and  b.  T h e  

q u a n t i t y   of   f l u i d   or  f u e l   w h i c h   i s   now  t r a p p e d   w i t h i n   t h e  

v o l u m e   542  w i l l   be  c o m p r e s s e d   as  t h e   d i s t r i b u t o r   s h a f t  

456  c a u s e s   t h e   i n n e r   g e a r   530  to  r o t a t e   r e l a t i v e   to  t h e  

o u t e r   g e a r   5 3 4 .   T h i s   a c t i o n   of  t he   d r i v i n g   g e a r   5 3 0  

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

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

t r a n s f e r   pump  102  a t   an  e l e v a t e d   p r e s s u r e   v i a   t h e   s l o t  

5 3 6 a .   The  f l u i d   p a s s a g e   106  as  shown  in  F i g u r e   7 

c o n n e c t e d   to   t h e   k i d n e y   s h a p e   i s   e q u i v a l e n t   to  t h e   f l u i d  

p a s s a g e   106  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.  T h e  

o u t p u t   of  t h e   t r a n s f e r   pump  102  i s   a l s o   c o m m u n i c a t e d   v i a  

t h e   f l u i d   p a s s a g e s   106 ,   1 1 0 a ,   b  a n d   c  to  the   a c c u m u l a t o r  

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

t h e   t r a n s f e r   pump  102 .   The  a c c u m u l a t o r   116  f u r t h e r  

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

r e q u i r e d   to  f i l l   t h e   i n j e c t i o n   pump.   By  h a v i n g   t h e   t o p  



edge   of  t h e   a c c u m u l a t o r   p i s t o n   535  u n c o v e r   t h e   dump  s l o t  

533  t h e   f l u i d   t h e n   f l o w s   i n t o   v a l v e   531  t h r o u g h   t h e   f o u r  

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

r o l l e r   s h o e ,   as  d i s c u s s e d   e a r l i e r ,   and  t h e n   e x i t s  

t h r o u g h   t h e   p o r t   508  and  r e t u r n   to  t he   t a n k   3 4 .  

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

c o m p o n e n t s ,   two  s e t s   of  p i s t o n s   and  s p r i n g s   w o u l d   b e  

r e q u i r e d .   By  u s i n g   t h i s   a p p r o a c h   o n l y   one   s p r i n g   a n d  

p i s t o n   i s   r e q u i r e d   to  c o n t r o l   t he   s u p p l y   p r e s s u r e .   T h e  

o u t p u t   o f   t h e   t r a n s f e r   pump  102  i s   a l s o   c o m m u n i c a t e d   t o  

the   c h e c k   v a l v e   134  l o c a t e d   w i t h i n   t h e   i n j e c t i o n   pump  1 3 0  

v i a   t h e   f l u i d   p a s s a g e   132  w h i c h   i s   l o c a t e d   w i t h i n   a  

p o r t i o n   of   t h e   i d s t r i b u t o r   s h a f t   4 5 6 .  

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

456 ,   in  p a r t i c u l a r ,   t h a t   p o r t i o n   of  t he   d i s t r i b u t o r   s h a f t  

w h i c h   i s   s i t u a t e d   b e t w e e n   t h e   t r a n s f e r   pump  102   and  t h e  

i n j e c t i o n   pump  130 .   The  d i s t r i b u t o r   s h a f t   i s   s l i d a b l y  

s e c u r e d   by  t r a n s f o r   pump  102  and  r o t a t a b l y   s e c u r e d   w i t h i n  

t h e   h o u s i n g   s e c t i o n s   402  and  404  by  t h e   s l e e v e   550 .   I t  

w i l l   be  s e e n   t h a t   t h e   c o m b i n a t i o n   of   t h e   s l e e v e   and  t h e  

d i s t r i b u t o r   s h a f t   456  c o m p r i s e   t he   d i s t r i b u t o r   v a l v e   1 4 0  

w h i c h   was   s c h e m a t i c a l l y   i l l u s t r a t e d   and  d i s c u s s e d   i n  

c o n j u n c t i o n   w i t h   t he   d e s c r i p t i o n   of  F i g u r e   2 .  

R e f e r e n c e   i s   now  made  to   F i g u r e s   7  and  1 1 .   F i g u r e  

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

i n j e c t i o n   pump  130  and  t h e   d i s t r i b u t i o n   v a l v e   1 4 6  

i l l u s t r a t i n g   t h e   p l a c e m e n t   of  t h e   d i s t r i b u t o r   s h a f t   4 5 6  

and  t h e   - s l e e v e   550  in   r e l a t i o n   to   o t h e r   p a r t s   of  t h e  

i n j e c t i o n   pump  130 .   As  i l l u s t r a t e d   in   F i g u r e   7,  t h e  

s l e e v e   550  c o m p r i s e s   a  c i r c u l a r   c y l i n d e r   h a v i n g   a  w a l l  

552 .   The  s l e e v e   i s   p r e s s   f i t   w i t h i n   h o u s i n g   s e c t i o n   4 0 4  

and  i n c l u d e s   an  o p e n i n g   554  l o c a t e d   w i t h i n   t h e   w a l l   5 5 2 .  

As  w i l l   be  s e e n   b e l o w ,   t he   o p e n i n g   554  i s   l o c a t e d   i n  

m a t i n g   e n g a g e m e n t   w i t h   an  a n n u l a r   r e c e s s   570  t h a t   i s  

f a b r i c a t e d   w i t h i n   a  p o r t i o n   of  t he   d i s t r i b u t o r   s h a f t   4 5 6 .  



In  o p e r a t i o n ,   f l u i d   is   r e c e i v e d   f rom  t he   t r a n s f e r   p u m p  
102  and  a c c u m u l a t o r   116  and  t r a n s p o r t e d   t h r o u g h   t h e  

o p e n i n g   554  to   t he   a n n u l a r   r e c e s s   570 .   The  f l u i d   i s   t h e n  

c o m m u n i c a t e d   t h r o u g h   t h e   f l u i d   p a s s a g e s   5 7 2 a ,   b  a n d  c   t o  

t he   c e n t r a l   f l u i d   p a s s a g e   132  w h i c h   is   l o c a t e d   w i t h i n   t h e  

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

f rom  t h e   t r a n s f e r   pump  102  and  a c c u m u l a t o r   to  t he   p u m p i n g  

c h a m b e r   498  of   t h e   i n j e c t i o n   pump  130 .   In  a d d i t i o n ,   t h e  

f l u i d   w i t h i n   t h e   f l u i d   p a s s a g e   132  i s   c o m m u n i c a t e d   v i a  

t h e   t r a n s v e r s e   b o r e   578  to   t h e   d i s t r i b u t i o n   s l o t   1 , 5 2 ,  

w h i c h   as  i l l u s t r a t e d   in  F i g u r e s   7  and  11,   and  c o m p r i s e s   a  

s e c t i o n   of   an  a n n u l a r   s l o t   c o m m u n i c a t i n g   w i t h   two  of  t h e  

o p e n i n g s ,   s u c h   as  o p e n i n g s   160c   and  d.  In  t h i s   m a n n e r ,  

p r e s s u r i z e d   f l u i d   f r o m   t h e   t r a n s f e r   pump   102  i s  

c o m m u n i c a t e d   to  p a r t i c u l a r   i n j e c t o r s   4 0 a - f   t h r o u g h   t h e  

o p e n i n g s   1 6 0 a - f   in   a d v a n c e   o f   t h e   t i m e   t h a t   t h e  

d i s t r i b u t i o n   s l o t   150  i s   p l a c e d   in  c o m m u n i c a t i o n   w i t h   a  

p a r t i c u l a r   i n j e c t o r   40  t h r o u g h   i t s   r e s p e c t i v e   o p e n i n g  

160.   W h i l e   t he   d i s t r i b u t i o n   s l o t   152 ,   as  i l l u s t r a t e d   i n  

F i g u r e   1 1 ,   i s   s h o w n   c o m m u n i c a t i n g   w i t h   two   o f   t h e  

r e m a i n i n g   f o u r   o p e n i n g s   1 6 0 c - f ,   t h e   number   of  o p e n i n g s   i n  

c o m m u n i c a t i o n   w i t h   t h e   d i s t r i b u t i o n   s l o t   150  may  v a r y  
w i t h   t h e   s p e c i f i c   a p p l i c a t i o n   of  t he   i n v e n t i o n   and  t h e  

c h a r a c t e r i s t i c s   of  t h e   t r a n s f e r   pump  102 .   The  s l e e v e   5 5 0  

f u r t h e r   i n c l u d e s   a n o t h e r   o p e n i n g   556  w h i c h   i s   m a i n t a i n e d  

in   a l i g n m e n t   w i t h   t h e   f l u i d   p a s s a g e   164  w h i c h   i s  

c o n n e c t e d   to   t he   m e t e r i n g   v a l v e   56.   The  o p e n i n g   556  i s  

l o c a t e d   so  t h a t   i t   i s   in  a l i g n m e n t   w i t h   a n o t h e r   a n n u l a r  

r e c e s s   574  w h i c h   i s   f a b r i c a t e d   w i t h i n   t he   pump  s h a f t   4 5 6 .  

The  a n n u l a r   r e c e s s   574  c o m p r i s e s   p a r t   of  t h e   d i s t r i b u t i o n  

s l o t   150  w h i c h   was  d i s c u s s e d   in  c o n j u n c t i o n   w i t h   F i g u r e  

2.  The  s l e e v e   550  f u r t h e r   c o n t a i n s   a n o t h e r   o p e n i n g   5 5 8  

w h i c h  i s   c o n n e c t e d   to  the   t i m i n g   v a l v e   58  t h r o u g h   t h e  

f l u i d   p a s s a g e   5 6 0 .   The  o p e n i n g   558  i s   m a i n t a i n e d   i n  

f l u i d   c o m m u n i c a t i o n   w i t h   a n o t h e r   a n n u l a r   r e c e s s   576  t h a t  



is   f a b r i c a t e d   w i t h i n   t h e   pump  s h a f t .   The  a n n u l a r   r e c e s s  

576  c o m p r i s e s   a  p o r t i o n   of   t h e   d i s t r i b u t i o n   s l o t   1 4 8  

w h i c h   was  s i m i l a r l y   d i s c u s s e d   in  c o n j u n c t i o n   w i t h   F i g u r e  

2 .  

The  s l e e v e   550  f u r t h e r   i n c l u d e s   a n o t h e r   o p e n i n g   5 5 6  

w h i c h   i s   m a i n t a i n e d   in   a l i g n m e n t   w i t h   t h e   f l u i d   p a s s a g e  
164  w h i c h   i s   c o n n e c t e d   to  t h e   m e t e r i n g   v a l v e   56 .   T h e  

o p e n i n g   556  i s   l o c a t e d   so  t h a t   i t   i s   in  a l i g n m e n t   w i t h  

a n o t h e r   a n n u l a r   r e c e s s   574  w h i c h   i s   f a b r i c a t e d   w i t h i n   t h e  

d i s t r i b u t o r   s h a f t   4 5 6 .   The  a n n u l a r   r e c e s s   574  c o m p r i s e s  

p a r t   of  t h e   d i s t r i b u t i o n   s l o t   150  w h i c h   was  d i s c u s s e d   i n  

c o n j u n c t i o n   w i t h   F i g u r e   2.  The  s l e e v e   550  f u r t h e r  

c o n t a i n s   a n o t h e r   o p e n i n g   558  w h i c h   i s   c o n n e c t e d   to  t h e  

t i m i n g   v a l v e   58  t h r o u g h   t h e   f l u i d   p a s s a g e   5 6 0 .   T h e  

o p e n i n g   558  i s   m a i n t a i n e d   in  f l u i d   c o m m u n i c a t i o n   w i t h  

a n o t h e r   a n n u l a r   r e c e s s   576  t h a t   i s   f a b r i c a t e d   w i t h i n   t h e  

d i s t r i b u t o r   s h a f t .   The  a n n u l a r   r e c e s s   576  c o m p r i s e s   a  

p o r t i o n   of   t h e   d i s t r i b u t i o n   s l o t   148  w h i c h   was  s i m i l a r l y  

d i s c u s s e d   in  c o n j u n c t i o n   w i t h   F i g u r e   2.  The  s l e e v e   5 5 0  

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

s y m m e t r i c a l l y   s i t u a t e d   o p e n i n g s   1 6 0 a - f .   I t   s h o u l d   b e  

r e c a l l e d   t h a t   t h e   f u n c t i o n   of   t h e s e   o p e n i n g s   1 6 0 a - f   i s   t o  

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

d i s t r i b u t i o n   pump  30  a n d   t h e   i n j e c t o r s   4 0 a - f .   A s  

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

f l u i d   p a s s a g e s   to   a  p l u r a l i t y   of   o u t p u t   p o r t s   4 2 a - f   w h i c h  

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

t h e i r   r e s p e c t i v e   o u t p u t   p o r t   i s   i l l u s t r a t e d   in  F i g u r e   1 2 .  

F i g u r e   12  i s   a  p a r t i a l   s e c t i o n a l   v i e w   of  t h e   d i s t r i b u t o r  

v a l v e   146  and  more  s p e c i f i c a l l y   a  p a r t i a l   s e c t i o n a l   v i e w  

of   t h e   s l e e v e   550  and  t h e   d i s t r i b u t o r   s h a f t   456  t a k e n  

t h r o u g h   s e c t i o n   1 2 - 1 2   of   F i g u r e   10.  T h e r e   i s   i l l u s t r a t e d  

o n e   o f   t h e   s i x   f l u i d   p a s s a g e s   5 6 2 a - f   l i n k i n g   t h e  

t i m i n g   s l o t   150  w i t h   t h e   o u t p u t   p o r t s   4 2 a - f .   F i g u r e   1 3  



a l s o   i l l u s t r a t e s   t he   p o r t i n g   of  t he   m e t e r i n g   s l o t   150  t o  

a n o t h e r   o u t p u t   p o r t   s u c h   as  o u t p u t   p o r t   4 2 c .  

The  p r e s s u r e   b a l a n c e   s l o t s   577  and  579  shown  i n  

F i g u r e s   12  and  14  a r e   u s e d   to  c o u n t e r a c t   t h e   h i g h  

u n b a l a n c e d   f o r c e   on  the   d i s t r i b u t o r   s h a f t   456  by  the   h i g h  

p r e s s u r e   f rom  t h e   i n j e c t i o n   pump  in  s l o t   1 4 8 .   T h i s   i s   t o  

e n s u r e   low  wear   and  l ong   l i f e   of  t he   d i s t r i b u t o r   s h a f t  

456  r o t a t i n g   in  t h e   s l e e v e   550 .   P a s s a g e   581  and  5 8 3  

c o n n e c t   t he   s l o t s   577  and  579 ,   r e s p e c t i v e l y ,   to   t he   h i g h  

p r e s s u r e   in   s l o t   1 4 8 .   The  a r e a   of   s l o t s   577  p l u s   5 7 9  

e q u a l s   t h e   a r e a   of  s l o t   148  and  a r e   180°   a p a r t   t h e r e b y  

p r e s s u r e   b a l a n c i n g   t h e   s h a f t .  

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

t h e   d i s t r i b u t o r   v a l v e   146  to   t h e   r e s p e c t i v e   o u t p u t   p o r t s  

4 2 a - f ,   i t   i s   n e c e s s a r y   to  s e l e c t i v e l y   d i s t r i b u t e   t h e  

f l u i d   or  f u e l   w i t h i n   t h e   a n n u l a r   r e c e s s e s   574  and  576  o f  

t h e   d i s t r i b u t o r   s h a f t   456  to  the   o p e n i n g s   1 6 0 a - f .   T h i s  

i s   a c c o m p l i s h e d   as  i l l u s t r a t e d   in  F i g u r e s   12  and  13  b y  

p r o v i d i n g   the   a n n u l a r   r e c e s s   576  w i t h   a  t i m i n g   g r o o v e   1 4 8  

and  by  p r o v i d i n g   t h e   a n n u l a r   r e c e s s   150  w i t h   a  m e t e r i n g  

g r o o v e   582  w h i c h   c o r r e s p o n d s   to  t h e   s c h e m a t i c   in  F i g u r e  

2.  The  r e l a t i o n s h i p   of  t h e   t i m i n g   g r o o v e   580  and  t h e  

m e t e r i n g   g r o o v e   582  to  t h e i r   r e s p e c t i v e   a n n u l a r   r e c e s s e s  

574  and  576  i s   i l l u s t r a t e d   in  F i g u r e   14 .   I t   s h o u l d   f i r s t  

be  a p p r e c i a t e d   t h a t   b o t h   t he   p i s t o n   s h a f t   456  and  t h e  

s l e e v e   550  a r e   c i r c u l a r   o b j e c t s .   F i g u r e   14 ,   h o w e v e r ,  

r e p r e s e n t s   a  l i n e a r   p r o j e c t i o n   of  the   v a r i o u s   p o r t i o n s   o f  

t h e   d i s t r i b u t o r   v a l v e   146 .   For  r e f e r e n c e   p u r p o s e s ,   i t  

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

d i s t r i b u t o r   v a l v e   i l l u s t r a t e d   in  F i g u r e   14  i s   s u b s t a n -  

t i a l l y   i d e n t i c a l   to  the  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 e d   i n  

F i g u r e   2.  As  i l l u s t r a t e d   in  F i g u r e   14,   t h e   t i m i n g   g r o o v e  

a x i a l l y   e x t e n d s   p a r a l l e l   to  the   a x i s   434  s u c h   t h a t   i t  

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

1 6 0 a - f .   A d d i t i o n a l l y ,   t he   w i d t h   of  t he   t i m i n g   g r o o v e   1 4 8  



i s   c h o s e n   to  be  s u b s t a n t i a l l y   e q u a l   to  t he   w i d t h   of  t h e  

o p e n i n g s   1 6 0 a - f .   The  m e t e r i n g   g r o o v e   582  s i m i l a r l y  

e x t e n d s   a x i a l l y   p a r a l l e l   to  t h e   a x i s   434  and  s i m i l a r l y  

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

o p e n i n g s ,   h o w e v e r ,   t h e   w i d t h   o f   t h e   m e t e r i n g   i s  

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

l a r g e r   t h a n   t h a t   of  the   o p e n i n g s .   By  way  of   e x a m p l e ,   i n  

t h e   p r e f e r r e d   e m b o d i m e n t ,   t h e   d i m e n s i o n s   of   t h e   o p e n i n g s  

a r e   3 .91mm  by  12.7mm  ( . 1 5 4   i n c h e s   by  .5  i n c h e s ) .   T h e  

t o t a l   a r e a   of  t h e   o p e n i n g s   c an   be  shown  to  a p p r o x i m a t e l y  

be  46 .7mm2  ( 0 . 0 7 2   s q u a r e   i n c h e s ) .   The  w i d t h   of   t h e  

m e t e r i n g   g r o o v e   150  has   b e e n   c h o s e n   to   be  e q u a l   to   8 . 2 6 m m  

( . 3 2 5   i n c h e s ) .   As  t h e   d i s t r i b u t o r   s h a f t   456  r o t a t e s  

w i t h i n   t h e   s l e e v e   5 5 0 ,   t h e   f l o w   a r e a s   b e t w e e n   t h e  

r e s p e c t i v e   g r o o v e s   148 ,   150  of  t h e   o p e n i n g s   1 6 0 a - f   w i l l  

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

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

m e t e r i n g   g r o o v e .   The  a r r o w   i l l u s t r a t e d   in  F i g u r e   14  

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

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

o p e n i n g   in  a d v a n c e   of   the   t i m e   t h a t   t he   t i m i n g   g r o o v e  
w i l l   i n t e r a c t   w i t h   t h e   same  o p e n i n g .  

R e f e r e n c e   is   b r i e f l y   made  to  F i g u r e s   15A  and  B  w h i c h  

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

may  be  a c h i e v e d   by  u t i l i z i n g   a  d i s t r i b u t i o n   v a l v e   1 4 6  

h a v i n g   o p e n i n g s   1 6 0 ,   t h e   t i m i n g   g r o o v e   1 4 8 ,   and  t h e  

m e t e r i n g   g r o o v e   150  as  d i s c u s s e d   a b o v e .   I t   s h o u l d   b e  

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

i n t e r c e p t i n g   a r e a s   of  any  of  t he   o p e n i n g s   1 6 0 a - f   w i t h   t h e  

t i m i n g   g r o o v e   148  and  m e t e r i n g   g r o o v e   1 5 0 .  

F i g u r e   15A  i l l u s t r a t e s   t h e   a c t u a l   and  e f f e c t i v e   f l o w  

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

d i s t r i b u t i o n   v a l v e   146 .   The  a c t u a l   f l o w   a r e a   f o r   t h e  

i n t e r s e c t i o n   of   t h e   m e t e r i n g   g r o o v e   150  and  any   of   t h e  

o p e n i n g s   160  i s   i l l u s t r a t e d   by  t h e   s o l i d   l i n e   of   F i g u r e  



15A.  D u r i n g   t he   p e r i o d   of  t i m e   t h a t   t he   t i m i n g   g r o o v e  
d o e s   n o t   i n t e r s e c t   t h e   o p e n i n g   1 6 0 ,   t h e   f l o w   a r e a   i s  

o b v i o u s l y   z e r o .   As  t h e   pump  s h a f t   r o t a t e s   t h e   m e t e r i n g  

g r o o v e   and  an  o p e n i n g   160  w i l l   o v e r l a p .   Due  to  t h e  

s h a p i n g   of  t h e   m e t e r i n g   g r o o v e   150  and  o p e n i n g s   160  t h e  

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

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

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

o p e n i n g   160  i s   t o t a l l y   e n c o m p a s s e d   by  t he   l a r g e r   m e t e r i n g  

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

p r e v i o u s l y   d i s c u s s e d ,   t h i s   o c c u r s   as  a p p r o x i m a t e l y   1 2 0 °  

b e f o r e   t h e   t o p   d e a d   c e n t e r   p o s i t i o n   of   t h e   r e s p e c t i v e  

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

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

a n o t h e r   and  t h e i r   common  a r e a   w i l l   l i n e a r l y   r e d u c e   t o  

z e r o .   T h o s e   s k i l l e d   in  t h e   a r t   w i l l   a p p r e c i a t e   t h a t   t h e  

r a t e   of  f l o w   a r e a   i n c r e a s e   w i t h   c r a n k   a n g l e   may  be  s h a p e d  

by  v a r y i n g   t h e   g e o m e t r y   of  t h e   m e t e r i n g   g r o o v e   a n d / o r  

o p e n i n g s   1 6 0 .   T h o s e   s k i l l e d   in  t h e   a r t   w i l l   a l s o  

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

may  no t   o n l y   d e p e n d   upon  the   o v e r l a p i n g   a r e a s   of  o p e n i n g s  

s u c h   as  160  and  t h e   m e t e r i n g   or  t i m i n g   g r o o v e s   582  a n d  

580,   r e s p e c t i v e l y .   As  an  e x a m p l e ,   t h e   u p s t r e a m   l i n e  

r e s t r i c t i o n s   may  be  s m a l l e r   t h a n   t h e   a c t u a l   f l o w   a r e a   o f  

the   d i s t r i b u t o r   v a l v e   146 .   T h i s   n a r r o w   a r e a   of  the   f u e l  

f l o w   l i n e s   u p s t r e a m   of   t h e   d i s t r i b u t i o n   v a l v e   146  w i l l  

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

v a l v e .   F i g u r e   15A  i l l u s t r a t e s   in  t h e   d o t t e d   l i n e   t h e  

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

w h i c h   i s   a p p r o x i m a t e l y   17.8mm 2  ( 0 . 0 2 7 6   i n . 2 ) .  

F i g u r e   15B  i l l u s t r a t e s   t he   a c t u a l   a n d ,  e f f e c t i v e   f l o w  

a r e a s   c r e a t e d   b e t w e e n   one  of   t h e   o p e n i n g s   160  and  t h e  

t i m i n g   g r o o v e   148 .   The  c h a r a c t e r i s t i c   d i s c o n t i n u i t y   i n  

t h e   a c t u a l   f l o w   a r e a   ( s o l i d   l i n e )   i s   due   to  t h e   f a c t   t h a t  

t he   w i d t h   of  t he   t i m i n g   g r o o v e   148  i s   i d e n t i c a l   t h a t   o f  



t h e   o p e n i n g s   1 6 0 .  

R e f e r e n c e   i s   made  to  F i g u r e   16  w h i c h   i l l u s t r a t e s   a  

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

d u a l   s o l e n o i d   d i s t r i b u t o r   pump  30.   R e f e r e n c e   i s   made  t o  

l i n e s   1  and  2  of  F i g u r e   16.   I t   s h o u l d   be  r e c a l l e d   t h a t  

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

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

c r a n k s h a f t .   T h i s   r e l a t i o n s h i p   i s   i l l u s t r a t e d   in  l i n e s   1 

and  2  of   F i g u r e   16.   In  a d d i t i o n ,   l i n e s   1  a n d . 2   a r e  

h e l p f u l   in  i d e n t i f y i n g   t he   t o p   d e a d   c e n t e r   or  0°  p o s i t i o n  

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

0°  cam  p o s i t i o n   of  t he   i n j e c t i o n   pump  130  w h i c h   in  t h e  

p r e f e r r e d   e m b o d i m e n t   o f   t h e   i n v e n t i o n   i s   l o c a t e d   40°  i n  

a d v a n c e   of  t h e   t o p   dead   c e n t e r   p o s i t i o n   and  i n d i c a t e s  

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

130  w i l l   b e g i n   to  d e l i v e r   p r e s s u r i z e d   f u e l .   R e f e r e n c e   i s  

made  to   l i n e   4  of   F i g u r e   16  w h i c h   i l l u s t r a t e s   t h e   t h r e e  

i n t e r v a l s   of  i n j e c t i o n   pump  130  o p e r a t i o n .   T h e s e   i n c l u d e  

r e f i l l ,   d w e l l   and  d e l i v e r y   p o r t i o n s .   D u r i n g   t h e   r e f i l l  

i n t e r v a l   or   c y c l e   t h e   t r a n s f e r   pump  102  and   t h e  

a c c u m u l a t o r   116  s u p p l i e s   a d d i t i o n a l   f u e l   to  t h e   i n j e c t i o n  

pump  130 .   T h i s   r e f i l l   c y c l e   i s   i n i t a t e d   d u r i n g   t h a t  

i n t e r v a l   of   t i m e   when  t h e   t i m i n g   s l o t   148  d o e s   n o t  

c o i n c i d e   w i t h   any  of  t he   o p e n i n g s   1 6 0 a - f .   The  r e f i l l  

p o r t i o n   of   t h e   pump  c y c l e   i s   f o l l o w e d   by  a  d w e l l   c y c l e  

w h i c h   l a s t s   a p p r o x i m a t e l y   12°  in  d u r a t i o n .   The  d w e l l  

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

u n t i l   t h e   t i m i n g   s l o t   i s   no  l o n g e r   in  c o i n c i d e n c e   w i t h   a n  

o p e n i n g   1 6 0 .   L i n e s   3  and  5  of   F i g u r e   16  i l l u s t r a t e   t h e  

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

f u n c t i o n s   p e r f o r m e d   by  t h e   d u a l   s o l e n o i d   d i s t r i b u t o r   p u m p  
30.  As  i l l u s t r a t e d   in  F i g u r e   16  i n i t i a t i o n   of  f l o w   a r e a  
f o r   t h e   m e t e r i n g   f u n c t i o n   p r o c e e d s   t h a t   of  t h e   i n i t i a t i o n  

of   f l o w   a r e a   f o r   t he   i n j e c t i o n   f u n c t i o n .  

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



d e s c r i b e d   e m b o d i m e n t   of  t he   i n v e n t i o n   c a n ,   of  c o u r s e ,   b e  

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

A c c o r d i n g l y ,   t h a t   s c o p e   is   i n t e n d e d   to  be  l i m i t e d   o n l y   b y  

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



1.  A  d i s t r i b u t o r   pump  (30)  having  a  m e t e r i n g   and  an  i n j e c t i o n  

mode  of  o p e r a t i o n   and  adapted   to  r e ce ive   e l e c t r i c   c o n t r o l   s i g n a l s   from  a  

c o n t r o l l e r   (60)  and  f u r t h e r   adapted  to  r e c e i v e   f l u i d   from  a  f l u i d   r e s e r -  

voi r   (34)  for   s u p p l y i n g   p r e s s u r i z e d   f l u i d ,   c h a r a c t e r i z e d   in  t h a t   i t   com- 

p r i s e s  :  

-  a  hous ing   (402,  404,  406)  having  a  r e t u r n   p o r t   (64)  a d a p t e d  

to  be  connec ted   to  the  r e s e r v o i r   (34),  an  input   por t   (38)  adapted  to  r e -  

ce ive   f l u i d   from  the  r e s e r v o i r   and  f u r t h e r   having  a  p l u r a l i t y   of  o u t p u t  

p o r t s   ( 4 2 )  ;  

-  f i r s t   p r e s s u r e   source  means  (130)  f o r  s u p p l y i n g   p r e s s u r i z e d  

f l u i d   at  a  d e t e r m i n a b l e   f i r s t   p r e s su re   l e v e l  ;  

-  t iming   valve  means  (58)  for  d i v e r t i n g   the  ou tpu t   of  s a i d  

f i r s t   p r e s s u r e   source  means  to  a  d i s t r i b u t o r   valve  means  (146)  during  t h e  

i n j e c t i o n   mode  of  o p e r a t i o n   and  for  d i v e r t i n g   the  ou tpu t   of  said  f i r s t  

p r e s s u r e   source  means  to  sa id   r e t u r n   por t   dur ing  the  m e t e r i n g   mode  o f  

o p e r a t i o n ,   said  t iming  va lve   means  adapted  to  r e c e i v e   e l e c t r i c a l   s i g n a l s  

in  timed  r e l a t i o n s h i p   to  the  combustion  p rocess   w i t h i n   the  e n g i n e  ;  

-  me te r ing   va lve   means  (56)  connected  between  said  d i s t r i -  

bu tor   valve  means  and  sa id   r e t u r n   port   for  c o n t r o l l i n g   the  d u r a t i o n  o f  

f l u i d   flow  from  sa id   d i s t r i b u t o r   valve  means  to  sa id   r e t u r n   por t   d u r i n g  

the  m e t e r i n g   mode  in  co r r e spondence   with  the  combust ion  p roce s s   w i t h i n  

said  engine  and  where in   sa id   meter ing   valve  means  is  adapted   to  r e c e i v e  

e l e c t r i c a l   s i g n a l s   in  timed  sequence  to  the  combust ion  p rocess   w i t h i n  

the  e n g i n e  ;   and 

-  d i s t r i b u t i o n   valve  means  (146)  for   r e c e i v i n g   f l u i d   u n d e r  

p r e s s u r e   from  sa id   f i r s t   p r e s s u r e   source  means  i n c l u d i n g   f i r s t   d i s t r i -  

butor   means  (148,  160)  for   s e q u e n t i a l l y   c o n n e c t i n g   the  p r e s s u r i z e d   f l u i d  

to  a  p a r t i c u l a r   one  of  sa id   output   po r t s   (42)  in  timed  sequence  with  t h e  

o p e r a t i o n   of  said  t iming  va lve   means  and  with  the  combust ion  p r o c e s s  
w i t h i n   the  engine,   sa id   d i s t r i b u t o r   valve  means  f u r t h e r   i n c l u d i n g   s e c o n d  

d i s t r i b u t o r   means ((150,  160)  for  s e q u e n t i a l l y   c o n n e c t i n g   sa id   p a r t i c u l a r  

one  of  sa id   ou tpu t   p o r t s   to  said  meter ing   valve  means  for  a  d e t e r m i n a b l e  

l eng th   o f  t i m e  p r i o r   t o  t h e   time  said  p a r t i c u l a r   one  of  sa id   ou tpu t   p o r t s  

is  connec ted   to  sa id   f i r s t   p r e s s u r e   source  means .  



2.  A  d i s t r i b u t o r   pump  acco rd ing   to  claim  1,  c h a r a c t e r i z e d  

in  tha t   i t   f u r t h e r   i n c l u d e s   f i r s t   o r i f i c e   means  (166)  l oca t ed   be tween  

said  me te r ing   valve  means  and  said  r e t u r n   po r t   for  r e g u l a t i n g   the  r a t e  

at  which  f l u i d   flows  from  said  d i s t r i b u t o r   valve  means  to  said  r e t u r n  

p o r t .  

3.  A  d i s t r i b u t o r   pump  acco rd ing   to  claim  2,  c h a r a c t e r i z e d  

in  t ha t   i t   f u r t h e r   i nc ludes   second  o r i f i c e   means  (140)  connected  be tween  

said  t iming  valve  means  and  said  r e t u r n   po r t   for  d e t e r m i n i n g   the  p r e s -  

sure  ups t ream  of  sa id   t iming  valve  means  dur ing   pe r iods   of  o p e r a t i o n  

when  sa id   t iming  valve  means  is  open .  
4.  A  d i s t r i b u t o r   pump  acco rd ing   to  claim  2  or  3,  c h a r a c t e r -  

ized  in  t h a t   sa id   me te r ing   valve  means  is  normal ly   c losed  and  w h e r e i n  

said  t iming  va lve   means  is  normally  open .  

5.  A  d i s t r i b u t o r   pump  acco rd ing   to  claim  4,  c h a r a c t e r i z e d  

in  t ha t   i t   f u r t h e r   i nc ludes   a  second  p r e s s u r e   source  means  (102,  166) 

adapted  to  r e c e i v e   f l u i d   from  the  r e s e r v o i r   and  for  d e l i v e r i n g   the  r e -  

ceived  f l u i d   at  a  second  p r e s su re   l eve l   to  sa id   f i r s t   p r e s s u r e   s o u r c e  

means  and  where in   the  second  p r e s su re   l eve l   is  l ess   than  or  equal  to  t h e  

f i r s t   p r e s s u r e   l e v e l .  

6.  A  d i s t r i b u t o r   pump  accord ing   to  claim  5,  c h a r a c t e r i z e d  

in  t ha t   i t   f u r t h e r   i nc ludes   check  valve  means  (134)  for  s e l e c t i v e l y   p e r -  

m i t t i n g   f l u i d   flow  from  sa id   second  p r e s s u r e   source   means  to  said  f i r s t  

p r e s s u r e   source  means .  

7.  A  d i s t r i b u t o r   pump  accord ing   to  claim  6,  c h a r a c t e r i z e d  

in  t ha t   said  second  p r e s s u r e   source  means  is  l o c a t e d   w i th in   said  h o u s i n g .  

8.  A  d i s t r i b u t o r   pump  acco rd ing   to  claim  7,  c h a r a c t e r i z e d  

in  tha t   said  second  p r e s s u r e   source  means  comprises   a  t r a n s f e r   pump  means 

(102)  for  e x t r a c t i n g   f l u i d   from  said  r e s e r v o i r   and  p r e s s u r e   r e g u l a t i n g  

means  (120)  connec ted   to  the  output   of  said  t r a n s f e r   pump  means  and  s a i d  

r e t u r n   por t ,   for   r e g u l a t i n g   the  output   p r e s s u r e   of  said  t r a n s f e r   pump 

means  at  sa id   second  p r e s su re   l e v e l .  

9.  A  d i s t r i b u t o r   pump  accord ing   to  claim  8,  c h a r a c t e r i z e d  

in  t h a t   said  second  o r i f i c e   means  (140)  is  connected  between  said  t i m i n g  

valve  and  the  second  p r e s su re   source  means .  

10.  A  d i s t r i b u t o r   pump  accord ing   to  claim  9,  c h a r a c t e r i z e d  

in  t ha t   said  d i s t r i b u t o r   valve  means  i n c l u d e s  :  

-  a  s t a t i o n a r y   c y l i n d r i c a l   s l e eve   (550)  having  a  p l u r a l i t y  

of  openings  (160)  l o c a t e d   t h e r e i n   and  s i t u a t e d   about  the  c i r c u m f e r e n c e  



(552)  of  sa id   s l e e v e ,   where in   each  of  said  openings   is  connected   to  a  r e s -  

p e c t i v e   one  of  sa id   ou tpu t   p o r t s  ;  

-  a  s h a f t   (456)  r o t a t a b l y   r e c e i v e d   w i t h i n   said  s leeve   in  a  

f l u i d t i g h t   engagement  t h e r e w i t h   and  wherein  d r i v i n g   means  (428,  430)  a r e  

connected   to  sa id   s h a f t   for  d r i v i n g   said  s h a f t  ;  

-  sa id   f i r s t   and  second  d i s t r i b u t i o n   means  compr i s ing   f l u i d  

c a r r y i n g   pa s sages   f a b r i c a t e d   in  said  s h a f t   t h a t   are  s e l e c t i v e l y   c o n n e c -  

ted  to  p a r t i c u l a r   ones  of  said  openings  in  c o r r e s p o n d e n c e   with  the  com- 

b u s t i o n   p roce s s   in  an  engine  as  said  s h a f t   r o t a t e s   w i t h i n   sa id   s l e e v e .  

11.  A  d i s t r i b u t o r   pump  acco rd ing   to  c la im  10,  c h a r a c t e r i z e d  

in  t h a t   sa id   f i r s t   d i s t r i b u t i o n   means  compr ises   a  f i r s t   f l u i d   p a s s a g e  

i n c l u d i n g  :  

-  a  f i r s t   annu la r   r ecess   (576)  s i t u a t e d   about  the  p e r i p h e r y  

of  said  s h a f t   and  the  i nne r   mating  wal ls   of  sa id   s l e e v e  ;   a n d  

-  t iming   s l o t   means  (148)  s i t u a t e d   about  the  p e r i p h e r y   o f  

sa id   s h a f t   for  c o n n e c t i n g ,   in  c o o p e r a t i o n   with  the  r o t a t i o n   of  s a i d  

s h a f t ,   sa id   f i r s t   annu l a r   r ecess   to  one  of  sa id   openings   (160)  and  w h e r e i n  

-  said  second  d i s t r i b u t i o n   means  compr i s ing   a  second  f l u i d  

passage   i s o l a t e d   from  sa id   f i r s t   f l u i d   passage   and  sa id   openings  (160)  

formed  by  a  second  a n n u l a r   r ece s s   (574)  w i t h i n   sa id   s h a f t   and  a  c o o p e -  

r a t i n g   s e c t i o n   of  the  i nne r   su r f ace   of  sa id   wal l   of  said  s l eeve   and  

me te r ing   s l o t   means  (150)  s i t u a t e d   w i th in   said  s h a f t   for   s e q u e n t i a l l y ,  

c o n n e c t i n g   in  c o r r e s p o n d e n c e   with  the  r o t a t i o n   of  sa id   s h a f t ,   said  s e c o n d  

annu la r   r e c e s s   to  sa id   p a r t i c u l a r   opening  p r i o r   to  the  t i m e  t h a t   s a i d  

t iming   s l o t   means  is  connec ted   to  said  p a r t i c u l a r   o p e n i n g .  

12.  A  d i s t r i b u t o r   pump  accord ing   to  anyone  of  c la ims  1  to  11, 

c h a r a c t e r i z e d   in  t h a t   sa id   d i s t r i b u t o r   valve  means  f u r t h e r   i n c l u d e s   t h i r d  

d i s t r i b u t i o n   means  (152)  for  s e q u e n t i a l l y   c o n n e c t i n g   each  sa id   p a r t i c u l a r  

ou tpu t   p o r t s   to  d e t e r m i n a b l e   p r e s s u r e   source  in  advance  of  the  time  t h a t  

each  said  p a r t i c u l a r   ou tpu t   por t   is  connected  to  said  r e t u r n   por t   by  s a i d  

second  d i s t r i b u t i o n   means .  

13.  A  d i s t r i b u t o r   pump  accord ing   to  claim  12,  taken  in to   c o m b i -  

na t i on   with  c la im  11,  c h a r a c t e r i z e d   in  t h a t   sa id   t h i r d   d i s t r i b u t i o n   means 

compr ises   a  t h i r d   f l u i d   passage ,   i s o l a t e d   from  said  f i r s t   f l u i d   p a s s a g e ,  

said  second  f l u i d   passage   and  said  o p e n i n g s ,  f o r m e d   by  a  p a r t i a l   a n n u l a r  

s l o t   on  sa id   s h a f t   and  a  c o o p e r a t i n g   s e c t i o n   of  the  inner   s u r f a c e   of  s a i d  

wal l   of  sa id   s l e e v e ,   and  a  p r e s s u r e   bore  (578)  s i t u a t e d   w i t h i n   sa id   s h a f t  

having  a  f i r s t   end  in  f l u i d   communication  with  sa id   s l o t ,   and  c h a r a c t e r i z e d  



in  t h a t   said  s l o t   is  s i t u a t e d   on  said  s h a f t   such  t h a t  i t   is  s e q u e n t i a l l y  

placed  in  communication  with  said  p a r t i c u l a r   opening  p r i o r   to  the  t i m e  

t h a t   said  me te r i ng   s l o t   means  is  connec ted   to  said  p a r t i c u l a r   o p e n i n g .  
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