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5̂ )  Control  system  for  controlling  the  supply  of  fuel  to  an  internal  combustion  engine. 

©  A  control  system  for  controlling  the  supply  of  fuel  from  a 
source  (32)  to  an  internal  combustion  engine  (16)  having  a 
crankshaft  (26)  and  a  plurality  of  cylinders,  the  system 
comprising  at  least  one  injector  (10)  having  a  body  (70),  a 
primary  pumping  plunger  (20)  and  a  secondary  plunger  (80) 
positioned  within  said  body  for  movement  therein,  a  nozzle 
(84)  situated  contiguous  with  the  engine  (16),  a  timing 
chamber  (72)  defined  in  said  body  between  said  primary 
pumping  plunger  (20)  and  said  secondary  plunger  (80),  a 
metering  chamber  (74)  defined  in  said  body  between  said 
secondary  plunger  (80)  and  said  nozzle  (84),  timing  and 
metering  passages  (42,  44,  46,  48,  50,  92)  in  said  body  (70)  of 

_   said  injector  (10)  for  receiving  pressurized  fuel  and  transmit- 
ting  said  fuel  into  said  timing  chamber  (72)  and  said 
metering  charnber  (74),  means  (38,  94,  100)  for  controlling  (1  ) 

q   the  timing  of  the  dischage  of  fuel  from  the  metering  chamber 
(74)  through  the  nozzle  (84)  and  (2)  the  quantity  of  fuel  stored 

If)  in  said  metering  chamber  (74),  characterized  in  that  it 
includes  a  control  valve  (94,  100)  in  each  of  said  timing  and 

^   metering  passages  (44,  46)  for  controlling  the  flow  of  fuel 
If)  from  the  source  (32)  to  said  timing  chamber  (72)  and  said 
O  metering  chamber  (74),  and  means  for  pulsing  in  an  on/off 

fashion,  each  of  said  control  valves  in  response  to  engine 
O  operating  conditions. 
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A   control  system  for  controlling  the  supply  of  fuel  from  a 
source  (32)  to  an  internal  combustion  engine  (16)  having  a 
crankshaft  (26)  and  a  plurality  of  cylinders,  the  system 
comprising  at  least  one  injector  (10)  having  a  body  (70),  a 
primary  pumping  plunger  (20)  and  a  secondary  plunger  (80) 
positioned  within  said  body  for  movement  therein,  a  nozzle 
(84)  situated  contiguous  with  the  engine  (16),  a  timing 
chamber  (72)  defined  in  said  body  between  said  primary 
pumping  plunger  (20)  and  said  secondary  plunger  (80),  a 
metering  chamber  (74)  defined  in  said  body  between  said 
secondary  plunger  (80)  and  said  nozzle  (84),  timing  and 
metering  passages  (42,  44,  46,  48,  50,  92)  in  said  body  (70)  of 
said  injector  (10)  for  receiving  pressurized  fuel  and  transmit- 
ting  said  fuel  into  said  timing  chamber  (72)  and  said 
metering  chamber  (74),  means  (38,  94,  100)  for  controlling  (1) 
the  timing  of  the  dischage  of  fuel  from  the  metering  chamber 
(74)  through  the  nozzle  (84)  and  (2)  the  quantity  of  fuel  stored 
in  said  metering  chamber  (74),  characterized  in  that  it 
includes  a  control  valve  (94,  100)  in  each  of  said  timing  and 
metering  passages  (44,  46)  for  controlling  the  flow  of  fuel 
from  the  source  (32)  to  said  timing  chamber  (72)  and  said 
metering  chamber  (74),  and  means  for  pulsing  in  an  on/off 
fashion  each  of  said  control  valves  in  response  to  engine 
operating  conditions. 



1 
The  i n s t a n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  f ue l   i n j e c t i o n  

sys tems,   and  more  p a r t i c u l a r l y   to  m e c h a n i c a l l y   or  e l e c t r i c a l l y   o p e r a t e d  

c o n t r o l l e d   c o n t r o l   va lves   for  s e p a r a t e l y   r e g u l a t i n g   each  of  the  t i m i n g  

and  me te r ing   of  fue l   in  a  fue l   i n j e c t o r   forming  a  pa r t   of  the  fuel   r e g u -  

l a t i n g   system,  the reby   p e r m i t t i n g   s e p a r a t e   a d j u s t m e n t   of  both  t iming  and  

me te r ing   of  fue l   from  the  va r ious   nozzle   p o r t i o n s   of  the  i n j e c t o r s   i n  

r e sponse   to  engine  o p e r a t i n g   c o n d i t i o n s .  

Fuel  i n j e c t o r s   t ha t   are  d r i v e n   m e c h a n i c a l l y   from  the  c r a n k -  

s h a f t   of  an  i n t e r n a l   combust ion  engine  to  d e l i v e r   fuel   in to   the  c y l i n d e r s  

of  the  engine  are  wel l   known,  see  for  example  US  P a t e n t   No. 2  997  994,  

i s sued   August  29,  1961.  The  movement  of  the  c r a n k s h a f t   is  t r a n s l a t e d  

in to   a  fo rce   by  a  l eve r   mechanism  which  p e r i o d i c a l l y   d e p r e s s e s   the  pump 

p lunger   in  r e sponse   to  movement  of  a  cam,  cam  f o l l o w e r   and  rocker   arm 

mechanism.  Since  the  r o t a t i o n   of  the  c r a n k s h a f t   r e f l e c t s   only  e n g i n e  

speed,  the  f r equency   of  the  fue l   i n j e c t i o n   o p e r a t i o n   was  not  r e a d i l y  

a d j u s t a b l e   with  r e s p e c t   to  o the r   engine  o p e r a t i n g   c o n d i t i o n s .   P a r t i c u -  

l a r l y ,   such  ad ju s tmen t   was  not  p e r m i t t e d   to  be  a d a p t i v e   in  c o n t r o l l i n g  

the  i n j e c t i o n   p rocess   in  r e sponse   to  s p e c i f i c   engine  o p e r a t i n g   c o n d i t i o n s  

o c c u r r i n g   immedia te ly   before   or  contemporaneous   with  the  i n j e c t i o n   p r o c e s s .  

US  P a t e n t s   Nos.  4  235  374  and  4  281  792  d i s c l o s e   a  s i n g l e  

so l eno id   fue l   i n j e c t o r   which  u t i l i z e s   a  pr imary  pumping  p i s t o n   d i s p o s e d  

to  b e .  a c t u a t e d   by  the  cam  ope ra t ed   l e v e r   mechanism,  a  f l o a t i n g   p i s t o n  

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

t i on   c o n t i g u o u s   w i t h ' t h e   fuel   i n d u c t i o n   or  combust ion  chamber  of  t h e  

engine .   A  t iming  chamber  is  formed  between  the  primary  pumping  p i s t o n  

and  the  f l o a t i n g   p i s t o n ,  t h e   amount  of  fue l   being  fed  to  the  t iming  cham- 

ber  d e t e r m i n i n g   the  t iming  of  i n j e c t i o n   r e l a t i v e   to  engine  o p e r a t i o n s .  

Also,  a  me te r ing   chamber  is  formed  between  the  f l o a t i n g   p i s t o n   and  t h e  

nozzle   p o r t i o n ,   the  q u a n t i t y   of  fue l   fed  to  the  mete r ing   chamber  d e t e r -  

mining  the  amount  of  fuel   being  i n j e c t e d   i n to   each  engine  c y l i n d e r .   The 

i n j e c t o r   i n c o r p o r a t e s   a  s i n g l e   so l eno id   c o n t r o l   valve  which  is  u t i l i z e d   t o  

c o n t r o l   both  the  t iming  and  mete r ing   for  the  i n j e c t o r .   P a r t i c u l a r l y ,  



upon  downward  motion  of  the  primary  pumping  p i s t o n ,   a  c o n t r o l   un i t   s e l e c t s  

the  time  when  the  i n j e c t i o n   is  to  commence.  When  the  i n j e c t i o n   is  t o  

s t a r t ,   the  s o l e n o i d   is  a c t u a t e d   to  form  a  h y d r a u l i c   l i nk   between  the  p r i -  

mary  p i s t o n   and  the  f l o a t i n g   p i s t o n   by  means  of  the  f ue l   t r apped   in  t h e  

t iming   chamber.   Upon  f u r t h e r   downward  motion  of  the  pumping  p i s t o n ,   t h e  

fue l   in  the  m e t e r i n g   chamber  is  i n j e c t e d   i n to   the  engine   in  r e sponse   t o  

the  p r e s s u r e   on  the  f l o a t i n g   p i s t o n .   At  a  c e r t a i n   p o i n t   in  the  downward 

t r a v e l   of  the   p r imary   p i s t o n ,   the  f l o a t i n g   p i s t o n   uncovers   c e r t a i n   dump 

p o r t s   to  cause   the  fue l   in  the  t iming  chamber  and  m e t e r i n g   chamber  to  be  

dumped  back  to  the  r e s e r v o i r .   During  upward  motion  of  the  pr imary  p i s t o n ,  

the  s o l e n o i d   va lve   s t i l l   being  ene rg i zed ,   fuel   is  metered  i n to   the  m e t e r -  

ing  chamber  for   i n j e c t i o n   in  the  subsequen t   cyc le   and  the  end  of  m e t e r i n g  

is  d e t e r m i n e d   by  the  d e e n e r g i z a t i o n   of  the  s o l e n o i d   va lve .   The  p r i m a r y  

p i s t o n   c o n t i n u e s   to  t r a v e l   upwardly  f i l l i n g   the  t iming   chamber  with  f u e l .  

The  i n j e c t o r   is  then  p repared   for  a  subsequen t   t iming   and  i n j e c t i o n   c y c l e .  

US  P a t e n t   No.  3  951  117,  g ran ted   Apr i l   20,  1976  to  J u l i u s  

Pe r r ,   d i s c l o s e s   a  f ue l   supply  system  i n c l u d i n g   h y d r a u l i c   means  for  a u t o -  

m a t i c a l l y   a d j u s t i n g   the  t iming  o f  f u e l   i n j e c t i o n   to  o p t i m i z e   engine  p e r -  
formance.   The  embodiment  of  the  system  shown  in  F i g u r e s   1-4  of  t h e  

p a t e n t   c o m p r i s e s   an  i n j e c t i o n   pump  17  i n c l u d i n g   a  body  151  having  a  c h a r g e  

chamber  153  and  a  t iming   chamber  154  formed  t h e r e i n .   The  charge   chamber 

is  c o n n e c t e d   to  r e c e i v e   fue l   from  a  f i r s t   v a r i a b l e   p r e s s u r e   fue l   s u p p l y ,  

such  as  va lve   42,  passage   44,  and  l i ne   182,  and  a  t iming   chamber  is  c o n -  

nec ted   to  r e c e i v e   fue l   from  a  second  v a r i a b l e   p r e s s u r e   f u e l   supply  by 

means  of  l i n e   231.  The  p r e s s u r e   is  c o n t r o l l e d   by  means  of  p r e s s u r e   modi-  

fy ing   d e v i c e s   222  and  223.  Fuel  is  d e l i v e r e d   s e q u e n t i a l l y   to  each  i n -  

j e c t o r   15  w i t h i n   a  se t   of  i n j e c t o r s   by  means  of  a  d i s t r i b u t o r   187. 

The  t iming   p i s t o n   156  is  r e c i p r o c a b l y   mounted  in  t h e  b o d y  

of  the  i n j e c t i o n   pump,  the  p i s t o n   156  being  d i sposed   between  the  c h a r g e  

and  t im ing   chambers .   A  p lunger   163  is  r e c i p r o c a b l y   mounted  in  the  body 

for  e x e r t i n g   p r e s s u r e   on  the  fuel   in  the  t iming  chamber  from  the  cam 

mechanism  164.  The  fue l   in  the  t iming  chamber  forms  a  h y d r a u l i c   l i n k  

between  the  p l u n g e r   and  the  t iming  p i s t o n ,   and  the  l e n g t h   of  the  l ink  may 
be  v a r i e d   by  c o n t r o l l i n g   the  q u a n t i t y   of  fuel   s u p p l i e d   to  the  t i m i n g  

chamber.  The  fue l   q u a n t i t y   is  a  f u n c t i o n   of  the  p r e s s u r e   of  the  f u e l  

being  s u p p l i e d   t h e r e t o ,   the  p r e s s u r e ,   in  turn ,   being  r e s p o n s i v e   to  c e r -  

t a i n   engine   o p e r a t i n g   p a r a m e t e r s   such  as  speed  and  load.   Movement  of  t h e  

p l u n g e r   163  in  an  i n j e c t i o n   s t roke   r e s u l t s   in  movement  of  the  h y d r a u l i c  



l ink   and  the  t iming  p i s t o n ,   the reby   f o r c i n g   fue l   i n to   the  a s s o c i a t e d  

combust ion   chamber.  The  fue l   in  the  t iming  chamber  is  dumped  at  the  end 

of  each  i n j e c t i o n   s t r o k e   i n to   s p i l l   por t   177  and  s p i l l   passage  176. 

The  i n v e n t i o n   p roposes   a  c o n t r o l   sys tem  for   c o n t r o l l i n g  

the  supply  of  fue l   from  a  source   to  an  i n t e r n a l   combust ion   engine  h a v i n g  

a  c r a n k s h a f t   and  a  p l u r a l i t y   of  c y l i n d e r s ,   the  system  compr i s ing   at  l e a s t  

one  i n j e c t o r   having  a  body,  a  primary  pumping  p l u n g e r   and  a  s e c o n d a r y  

p lunge r   p o s i t i o n e d   w i t h i n   sa id   body  for  movement  t h e r e i n  ,   a  nozzle   s i -  

t u a t e d   c o n t i n u o u s   with  the  engine ,   a  t iming  chamber  de f ined   in  said  body 

between  sa id   pr imary  pumping  p lunger   and  sa id   secondary   p lunger ,   a  m e t e r -  

ing  chamber  de f ined   in  sa id   body  between  sa id   secondary   p lunger   and  s a i d  

nozz l e ,   t iming   and  m e t e r i n g   passages   in  said  body  of  said  i n j e c t o r   f o r  

r e c e i v i n g   p r e s s u r i z e d   fue l   and  t r a n s m i t t i n g   sa id   f ue l   in to   said  t i m i n g  

chamber  and  sa id   me te r ing   chamber,  means  for   c o n t r o l l i n g   (1)  the  t i m i n g  

of  the  d i s c h a r g e   of  fue l   from  the  me te r ing   chamber  th rough  the  n o z z l e  

and  (2)  the  q u a n t i t y   of  fue l   s t o r e d   in  said  m e t e r i n g   chamber,  c h a r a c t e r -  

ized  in  t h a t   i t   i n c l u d e s   a  c o n t r o l   valve  in  each  of  sa id   t iming  and  

me te r ing   pa s sages   for  c o n t r o l l i n g   the  flow  of  fue l   from  the  source  t o  

sa id   t iming  chamber  and  said  mete r ing   chamber,  and  means  for   p u l s i n g   i n  

an  o n / o f f   f a s h i o n   each  of  sa id   c o n t r o l   va lves   in  r e sponse   to  engine  o p e -  

r a t i n g   c o n d i t i o n s .  

With  the  system  of  the  p r e s e n t   i n v e n t i o n ,   in  one  embodiment 

a  v a r i a b l e   o r i f i c e   c o n t r o l   device   is  p rov ided   for  each  of  the  t iming  and  

me te r ing   f u n c t i o n s ,   a  s i n g l e   device   being  p rov ided   for   a l l   of  the  i n j e c -  

t o r s   being  u t i l i z e d   with  a  p a r t i c u l a r   engine  for   each  f u n c t i o n .   In  a n -  

o the r   embodiment  the  t iming  and  mete r ing   f u n c t i o n s   are  c o n t r o l l e d   by  

c o n t r o l l e d   pu l s e s   of  fue l   being  fed  to  each  of  the  t iming   and  m e t e r i n g  

c h a m b e r s .  

The  system  of  the  p r e sen t   i n v e n t i o n   i n c l u d e s   an  i n j e c t o r  

which  is  s i m i l a r   to  the  i n j e c t o r   de sc r i bed   in US  P a t e n t s   4  235  374  and  

4  281  792  and  in  t h a t   i t   c o n t a i n s   a  t iming  and  m e t e r i n g   chamber  s e p a r a t e d  

by  a  f l o a t i n g   p i s t o n .   However,  in  the  p r e f e r r e d   embodiment  of  the  p r e s e n t  

system,  a  c o n t r o l l a b l e   v a r i a b l e   area  o r i f i c e   is  i n t e r p o s e d   between  t h e  

source   of  fue l   and  each  of  the  t iming  and  m e t e r i n g   chambers  to  s e p a r a t e l y  

c o n t r o l   the  amount  of  fuel   being  supp l i ed   to  the  t iming   and  m e t e r i n g  

chambers  dur ing   the  n o n - i n j e c t i o n   p o r t i o n   of  the  i n j e c t o r   cyc le .   I n  

t h i s   way,  a  s i n g l e   t iming  o r i f i c e   is  supp l i ed   for   the  e n t i r e   s y s t e m ,  

i n c l u d i n g   a l l   of  the  i n j e c t o r s   for.  a  s i n g l e   eng ine ,   and  a  s i n g l e   m e t e r -  



ing  o r i f i c e   is  s u p p l i e d   to  c o n t r o l   the  me te r i ng   f u n c t i o n   for   a l l   of  t h e  

i n j e c t o r s   of  a  s i n g l e   engine .   This  system  has  an  advan tage   over  t h e  

v a r i a b l e   p r e s s u r e   type  systems  in  t ha t   the  q u a n t i t y   of  f ue l   supp l i ed   i s  

a  f u n c t i o n   of  the  square   of  the  v a r i a t i o n   in  f ue l   p r e s s u r e   whereas  w i t h  

a  v a r i a b l e   o r i f i c e   the  r e l a t i o n s h i p   is  one  to  one  between  fue l   flow  and 

o r i f i c e   a r e a .  

Thus,  the  system may  be  more  p r e c i s e l y   c o n t r o l l e d   and  t h e  

range  of  c o n t r o l   need  not  be  as  g r ea t   as  would  be  the  case  with  a  v a r i -  

able   p r e s s u r e   system.  As  may  be  pe rce ived   from  a  d e s c r i p t i o n   of  t h e  

p r e s e n t   i n v e n t i o n ,   the  c o n t r o l ,   which  is  r e s p o n s i v e   to  v a r i o u s   e n g i n e  

c o n d i t i o n s ,   may  take  s e v e r a l   forms.  These  forms  i n c l u d e   both  m e c h a n i c a l  

and  e l e c t r i c a l   c o n t r o l   for   each  of  the  v a r i a b l e   o r i f i c e   c o n t r o l   h e l m e t s .  

Thus,  the  i n s t a n t   i n v e n t i o n   e a s i l y   lends  i t s e l f   to  a d a p t i v e   c o n t r o l   o f  

both  the  t iming   and  me te r ing   phases  of  o p e r a t i o n   of  an  i n t e r n a l   combus-  

t i o n   d i e s e l   engine .   An  a l t e r n a t i v e   embodiment  i n c l u d e s   s u b s t i t u t i n g  

pu l se   d u r a t i o n   modu la t i on   of  pu l ses   of  fue l   being  fed  to  the  t iming  and 

m e t e r i n g   chambers  in  l i e u   of  the  v a r i a b l e   o r i f i c e   c o n t r o l .   Also  a  number 

of  f i xed   d u r a t i o n   pu l se s  may   be  fed to the  chambers,   the  c o n t r o l   b e i n g  

a c c o m p l i s h e d   by  c o n t r o l l i n g   the  number  of  p u l s e s .  

The  i n v e n t i o n   w i l l   now  be  d e t a i l e d   wi th   r e f e r e n c e   to  t h e  

accompanying  drawings   w h e r e i n  :  

-  F igure   1  is  a  schemat ic   diagram  i l l u s t r a t i n g   t h e  v a r i o u s  

p o r t i o n s   of  the  d i e s e l   fue l   c o n t r o l   system  i n c o r p o r a t i o n   the  f e a t u r e s   o f  

the  p r e s e n t   i n v e n t i o n  ;  

-  F igure   2  is  a  schemat ic   d iagram  i l l u s t r a t i n g   c e r t a i n   d e -  

t a i l s   of  the  i n j e c t o r   and  c o n t r o l   va lves   of  the  sys tem  of  the  p r e s e n t  

i n v e n t i o n  ;  

-  F igure   3  is  a  schemat ic   diagram  of  a  mechan ica l   c o n t r o l  

system  for   c o n t r o l l i n g   the  v a r i a b l e   o r i f i c e s   in  the   c o n t r o l   e lements   o f  

F igure   2 ;  ; 

-  F i g u r e   4  is  a  s e c t i o n a l   diagram  i l l u s t r a t i n g   one  form  o f  

a  v a r i a b l e   o r i f i c e   dev ice ,   which  is  e l e c t r o m a g n e t i c a l l y   o p e r a t e d  ;  

-  F igure   5  is  a  c r o s s - s e c t i o n a l   view  of  ano the r   form  o f  

v a r i a b l e   o r i f i c e   which  may  be  mechan ica l ly   or  e l e c t r i c a l l y   o p e r a t e d  ;  

-  F igure   6  is  a  schemat ic   block  d iagram  of  an  e l e c t r i c a l  

c o n t r o l   system  of  the  p r e s e n t   i n v e n t i o n  ;  

-  F igure   7  is  a  t iming  diagram  i l l u s t r a t i n g   the  r e l a t i o n s h i p  

between  the  cam  p r o f i l e   a s s o c i a t e d   with  the  cam  s h a f t   of  a  d i e s e l   e n g i n e  



and  the  q u a n t i t y   of  fue l   and  vapor  in  the  t iming  chamber  and  the  q u a n t i t y  

of  fue l   in  the  me te r i ng   chamber,  the  cumula t i ve   flow  and  flow  r a t e   i n t o  

the  t iming   chamber,  and  the  c u m u l a t i v e   flow  in to   the  me te r i ng   c h a m b e r  ;  

-  F igures   8a  to  8 f  i l l u s t r a t e   the  r e l a t i o n s h i p   of  the  cam 

p r o f i l e   wi th   s p e c i f i c   f u n c t i o n s   be ing   performed  by  the  i n j e c t o r   d u r i n g  

the  engine  c y c l e  ;   a n d  

-  F i g u r e  9   is  a  t iming   diagram  i l l u s t r a t i n g   the  r e l a t i o n -  

ship  between  the  cam  p r o f i l e   and  the  pu lse   d u r a t i o n   modulated  p u l s e s ,  

which  are  u t i l i z e d   to  c o n t r o l   the  flow  in to   the  t iming  and  m e t e r i n g  

chambers  in  a  modif ied   form  of  the  system  of  the  p r e s e n t   i n v e n t i o n .  

Turning  now  to  the  d rawings ,   in  p a r t i c u l a r   F igure   1  t h e r e o f ,  

the re   is  s c h e m a t i c a l l y   i l l u s t r a t e d   the  major  components  of  a  fuel   i n j e c -  

t ion   system  employing  a  m e c h a n i c a l l y   or  e l e c t r o n i c a l l y   ope ra t ed   pa i r   o f  

c o n t r o l   v a l v e s   for   r e g u l a t i n g   the  t im ing   and  me te r i ng   f u n c t i o n s   of  e a c h  

i n j e c t o r   w i t h i n  t h e   system.  I t   is  to  be  u n d e r s t o o d   at  the  onse t   t h a t   a  

s i n g l e   c o n t r o l   valve  is  p rov ided   for   each  of  the  t iming   and  m e t e r i n g  

f u n c t i o n s ,   the  c o n t r o l   va lve   being  o p e r a t e d   as  a  v a r i a b l e   o r i f i c e ,   t h e  

o r i f i c e   being  va r i ed   in  r e sponse   to  c e r t a i n   engine  o p e r a t i n g   c o n d i t i o n s .  

The  system  i n c l u d e s   a  fuel   i n j e c t o r   10  t h a t   i n c l u d e s   a  connec to r   block  12 

and  is  c o n t r o l l e d   to  d e l i v e r   fue l   t h rough   a  nozz le   14  e i t h e r   d i r e c t l y   o r  

i n d i r e c t l y   i n to   the  combust ion  chamber  (not  shown)  of  an  i n t e r n a l   combus-  

t ion   engine  16.  Although  only  one  i n j e c t o r   is  shown,  i t   should  be  n o t e d  

tha t   a  se t   of  i d e n t i c a l   i n j e c t o r s   is  employed  w i t h i n   the  fue l   i n j e c t i o n  

system,  one  i n j e c t o r   being  p rov ided   for   each  c y l i n d e r   in  the  engine .   The 

i n j e c t o r   10  is   ope ra t ed   in  synchron i sm  with  the  o p e r a t i o n   of  the  e n g i n e  

through  the  r e c i p r o c a l   a c t u a t i o n   of  a  f o l l o w e r   20,  the  f o l l o w e r   20  b e i n g  

in  the  form  of  a  pr imary  pumping  p lunge r   or  p i s t o n   being  b i a sed   u p w a r d l y  

by  heavy  duty  s p r i n g ' 1 8 .  

A  cam  22  is  secured   to  the  camshaf t   24  o f  t h e   i n t e r n a l   com- 

b u s t i o n  e n g i n e   16.  Cam  22  r o t a t e s   at  a  speed  which  is  a  f u n c t i o n   of  e n -  

gine  speed,  the  c r a n k s h a f t   being  d r i ven   via  meshing  gears   23,  25  from  t h e  

c r a n k s h a f t   26.  The  gear  r a t i o   of  gears   23,  25  may  vary  from  engine  t o  

engine  depending  on  va r ious   f a c t o r s ,   i n c l u d i n g ,   i n t e r   a l i a ,   whether   t h e  

engine  is  a  two  cyc le ,   or  four  cyc le   engine .   The  c r a n k s h a f t   is  d r i v e n  

by  the  p i s t o n s   (not  shown)  w i t h i n   the  combust ion  chambers  of  the  e n g i n e  

16  i n  t h e   u s u a l   manner.  A  r o l l e r   27  r i d e s   along  the  p r o f i l e   of  the  cam, 

and  a  push  rod  28  and  rocker   arm  30  t r a n s l a t e s   the  movement  of  the  r o l l e r  

in to   a x i a l l y   d i r e c t e d   f o r c e s   a c t i n g   on  the  pr imary  pumping  p lunger   o r  



p i s t o n   20.  The  fo rces   act   in  o p p o s i t i o n   to  the  main  sp r ing   18  and  v a r y  
in  magni tude   with  the  speed  of  the  engine  and  the  p r o f i l e   of  the  cam. 

The  cam  p r o f i l e   may  be  va r i ed   w i t h i n   the  scope  of  the  p r e s e n t   i n v e n t i o n  

to  ach ieve   a  d e s i r e d   t iming   and  pr imary  p i s t o n   speed  as  de te rmined   by  

the  o p e r a t i o n   of  the  engine  and  the  c o n f i g u r a t i o n   of  the  c o n t r o l   s y s t e m .  

A  r e s e r v o i r   32  s e r v e s   as  a  source   of  supply  for   the  f u e l  

used  for   c o n t r o l   and  to  be  d i s p e n s e d   by  each  i n j e c t o r   10,  the  fue l   b e i n g  

withdrawn  from  the  r e s e r v o i r   by  c o n s t a n t   p r e s s u r e   t r a n s f e r   pump  34.  F i l -  

t e r s   36,  37  remove  i m p u r i t i e s   in  the  fue l   and  fue l   i s   i n t r o d u c e d   to  a  

c o n t r o l   u n i t   38  by  means  of  a  condu i t   40,  the  f u e l   being  a t  s u p p l y   p r e s -  

sure.  The  c o n t r o l l e d   fue l   f low  r a t e   out  of  the  c o n t r o l   u n i t   38  is  f e d  

to  the  s e r i e s   of  i n j e c t o r s ,   i n j e c t o r   10  being  shown,  through  a  pa i r   o f  

condu i t s   44,  46,  one  condu i t   44  supp ly ing   fue l   for  the  t iming  f u n c t i o n  

and  the  o t h e r   condu i t   46  s u p p l y i n g   fue l   for  the  m e t e r i n g   f u n c t i o n ,   a s  

w i l l   be  more  f u l l y   e x p l a i n e d   h e r e a f t e r .   The  c o n d u i t   44  is  connected   t o  

the  block  12  of  i n j e c t o r   10  by  means  of  a  condu i t   48  and  the  condui t   46 

is  s i m i l a r l y   connec ted   to  the  block  12  by  means  of  a  condu i t   50.  D u r i n g  

the  dumping  a n d / o r   ven t i ng   p o r t i o n   of  the  i n j e c t o r   cyc le ,   fuel   is  r e t u r n e d  

from  the  i n j e c t o r   10,  and  the  o the r   i n j e c t o r s   in  the  system,  to  the  r e -  

s e r v o i r   32  by  means  of  c o n d u i t s   54,  56,  58.  This  is  the  fue l   t h a t   is  n o t  

i n j e c t e d   i n t o   the  engine  and  is   p r i m a r i l y   the  fue l   used  to  c o n t r o l   t h e  

t iming  f u n c t i o n   of  the  system  of  the  p r e s e n t   i n v e n t i o n .   However,  i t   i s  

to  be  noted  t h a t   t h i s   c i r c u l a t i n g   fue l   is  kept   at  a  minimum  due  to  t h e  

c o n f i g u r a t i o n   of  the  system.  E 

The  fuel   i n j e c t i o n   system  of  F igure   1  responds   to  s e v e r a l  

pa r ame te r s   of  engine  p e r f o r m a n c e .   In  a d d i t i o n   to  engine  speed,   which  i s  

r e f l e c t e d   in  the  r a t e o f   r o t a t i o n   of  the  cam  22  secured   to  camshaft   24 ,  

s e v e r a l   s e n s o r s   60  may  be  o p e r a t i v e l y   a s s o c i a t e d   with  engine  16  to  d e t e r -  

mine,  i n t e r   a l i a ,   engine  speed,   t e m p e r a t u r e ,   man i fo ld   a b s o l u t e   p r e s s u r e ,  
load  on  the  eng ine ,   a l t i t u d e   and  o p e r a t o r   command.  The  s e n s o r s   60  g e n e -  

r a te   e l e c t r i c a l   s i g n a l s   r e p r e s e n t a t i v e   of  the  measured  pa r ame te r s   and  

d e l i v e r   the  e l e c t r i c a l   s i g n a l s   to  an  e l e c t r o n i c   c o n t r o l   un i t   62,  by  means 

of  a  p l u r a l i t y   of  conduc to r s   64.  The  e l e c t r o n i c   c o n t r o l   u n i t   then  com- 

pares  the  measured  p a r a m e t e r s   with  r e f e r e n c e   va lues   which  may  be  s t o r e d  

wi th in   a  memory  in  the  e l e c t r o n i c   c o n t r o l   u n i t ,   the  r o t a t i o n a l   speed  and  

angular   p o s i t i o n   of  cam  22  a l so   being  taken  i n to   accoun t ,   and  the  e l e c -  

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

uni t   38.  These  s i g n a l s ,   in  t u rn ,   govern  the   c o n t r o l   of  the   t iming  and  



m e t e r i n g   f u n c t i o n s   for  each  i n j e c t o r   as  de te rmined   by  the  c o n t r o l   i n c o r -  

p o r a t e d   i n to   the  con t ro l   un i t   38.  The  s i g n a l s   from  the  e l e c t r o n i c   c o n -  

t r o l   u n i t   62  are  fed  to  c o n t r o l   u n i t   38  by  means  of  conduc to r s   66,  68.  

R e f e r r i n g   now  to  F igure   2,  t h e r e   is  i l l u s t r a t e d   the  d e t a i l s  

of  the  i n j e c t o r ,   the  c o n t r o l l e d   supp ly   of  fue l   to  the  i n j e c t o r ,   and  t h e  

d r a i n   c o n f i g u r a t i o n .   The  i n j e c t o r s   are  shown  in  schemat ic   form ;   how- 

ever  for   a  b e t t e r   u n d e r s t a n d i n g   of  the  o p e r a t i o n   of  the  i n j e c t o r ,   r e f e -   i 

r ence   is   made  to  US  P a t e n t s   4  235  374  and 4  281  792.  S p e c i f i c a l l y ,   t h e  

i n j e c t o r   10  i n c l u d e s   a  body  member  70  which  is   d iv ided   in to   a  t i m i n g  

chamber  72  and  a  meter ing  chamber  74.  The main  d r i v i n g   p i s t o n   or  p r i m a r y  

pumping  p l u n g e r   20  is  shown  at  the  upper   end  of  a  c a v i t y   76  formed  w i t h i n  

the  body  70.  The  d r i v ing   p i s t o n   is  adap ted   to  be  r e c i p r o c a l l y   d r i v e n  

w i t h i n   the  c a v i t y   76  along  an  a x i a l   d i r e c t i o n   t h e r e o f .   The  t iming  cham- 

ber  is  formed  by  the  lower  end  of  the  d r i v i n g   p i s t o n   20  and  a  f l o a t i n g  

p i s t o n   or  secondary   p lunger   80,  and  the  m e t e r i n g   chamber  is  formed  by  t h e  

lower  end  of  the  secondary  p l u n g e r  8 0   and  the  bottom  of  the  cav i ty   76.  

The  ou tpu t   from  the  me te r ing   chamber  74  is  fed  to  a  nozz le   84  by  means 

of  a  c o n d u i t   86,  the  i n c r e a s e   in  p r e s s u r e   in  m e t e r i n g   chamber  74  c r e a t e d  

by  the  downward  motion  of  d r i v i n g   p i s t o n   20  i n c r e a s i n g   the  p r e s s u r e   a t  

the  nozz le   84  to  r a i s e   a  needle   type  va lve   e lement   88  a g a i n s t   the  f o r c e  

of  a  s p r i n g   90.  This  o p e r a t i o n   w i l l   be  more  f u l l y   exp la ined   h e r e a f t e r .  

R e f e r r i n g   f i r s t   to  the  t iming   f u n c t i o n ,   fue l   is  fed  to  an  

inpu t   c o n d u i t   92  from  the  r e s e r v o i r   32  of  F igure  .1 .   1-The  fuel   is  d i r e c t e d  

th rough   a  v a r i a b l e   o r i f i c e   94,  the  a rea   of  the  o r i f i c e   being  var ied   i n  

a cco rdance   with  the  s i g n a l s   being  fed  from  e l e c t r o n i c   c o n t r o l   u n i t s   62 

to  the  c o n t r o l   un i t   38.  Obvious ly ,   as  o r i f i c e   94  is  reduced,   the  f l o w  

of  f u e l   th rough   condui t   44  is   s i m i l a r l y   reduced   and  the 'amount  of  f u e l  

fed  to  the  t iming  chamber  72  per  u n i t   of  time  is  s i m i l a r l y   reduced.   The 

fue l   flows  through  condu i t s   44,  48  to  the  t i m i n g   chambers  72  through  a  

one  way  check  valve  96,  the  check  va lve   p e r m i t t i n g   the  smooth  flow  o f  

fue l   i n to   the  t iming  chamber,  but  p r e c l u d i n g   the  fuel   from  f lowing  o u t  

of  the  t iming  chamber  through  condu i t   4 8 .  

The  meter ing  f u n c t i o n   is  s i m i l a r l y   c o n t r o l l e d   by  means  of  a  

c o n t r o l l a b l e   v a r i a b l e   o r i f i c e   100,  the  a rea   of  the  o r i f i c e   100  again  b e i n g  

c o n t r o l l e d   by  c o n t r o l   un i t   38  in  r e s p o n s e   to  s i g n a l s   from  the  e l e c t r o n i c  

c o n t r o l   u n i t   62.  The  c o n t r o l   of  flow  of  fue l   to  the  me te r ing   chamber  74 

is  d i r e c t e d   through  condu i t s   46,  50  th rough   a  one  way  check  valve  102, 

the  check  valve  p e r m i t t i n g   the  smooth  flow  of  fue l   i n to   the  m e t e r i n g  



chamber  74,  but  p r e c l u d i n g   fue l   from  f lowing   out  of  tha t   chamber  when  t h e  

p r e s s u r e   is  r a i s e d   in  me te r ing   chamber  7 4 .  

During  the  dump  or  p r e s s u r e   r e l i e v i n g   s tage   of  the  o p e r a -  
t i o n a l   cyc le   of  t h e  i n v e n t i o n ,   as  w i l l   be  more  f u l l y   e x p l a i n e d   h e r e a f t e r ,  

when  f l o a t i n g   p i s t o n   80  is  d r iven   to  a  p o i n t   where  the  t iming   chamber  72 

is  in  f l u i d   communication  with  a  c o n d u i t   106,  the  p r e s s u r e   w i t h i n   t h e  

t iming   chamber  72  is  r e l i e v e d   to  p e r m i t   the  fue l   w i th in   chamber  72  t o  

flow  out  of  the  t iming  chamber  72  t h rough   condu i t   106  and  a  condu i t   108 

back  to  the  r e s e r v o i r   through  the  d r a i n   condu i t   58  and  a  check  valve  110. 

This  p e r m i t s   the  d r i v i n g   p i s t o n   20  to  be  d r i ven   to  the  f u l l   e x t e n t   of  t h e  

downward  motion  of  cam  fo l l ower   30  d e p i c t e d   in  Figure   1.  In  the  p r e f e r r e d  

embodiment,  p r i o r   to  the  f l u i d   communica t ion   between  chamber  72  and  c o n d u i t  

106,  a  passageway  114  in  f l o a t i n g   p i s t o n   80  is  p laced  in  f l u i d   communica-  

t ion   wi th   a  condu i t   116  to  r e l i e v e   the  p r e s s u r e   in  me te r ing   chamber  74 .  

The  f l u i d   in  chamber  74  flows  through  an  i n t e r n a l   passageway  120,  t h e  

passageway  114  and  condui t   116  to  the  d r a i n   condu i t   54.  A  r e s t r i c t i o n  

122  is  p rov ided   between  passages   106  and  116  to  c r e a t e   a  p r e s s u r e   s p i k e  

below  the  r e s t r i c t i o n   122.  This  p r e s s u r e   sp ike   is  u t i l i z e d   to  p r e s s u r i z e  

the  upper  end  of  needle   valve  88  t h rough   a  condu i t   124.  This  aids  i n  

s e a t i n g   the  need le   valve  88  w i t h i n   the  nozz le   84  to  t e r m i n a t e   the  i n j e c -  

t i on   of  f ue l   in to   the  i n t e r n a l   combus t ion   engine .   The  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   be  f u l l y   exp l a ined   in  c o n j u n c t i o n   with  the  d e s c r i p t i o n   o f  

F igu re s   8a  through  8f.  However,  for   p u r p o s e s   of  c l a r i t y ,   a  b r i e f   d e s c r i p -  

t i o n   of  the  o p e r a t i o n   w i l l   be  given  a t   t h i s   p o i n t .  

Assuming  the  d r i v i n g   p i s t o n   20  is   at  i t s   lowermost  p o s i t i o n  

and  f l o a t i n g   p i s t o n   80  is  a lso   at  i t s   lowermost   p o s t i o n ,   and  the  t i m i n g  

chamber  72  and  me te r ing   chambers  74  are   not  under  p r e s s u r e ,   the  d r i v i n g  

p i s t o n   20  s t a r t s   i t s   upward  motion  in  r e s p o n s e   to  the  f o r c e   of  s p r i n g   18 

(F igure   1)  f o r c i n g   the  i n j e c t o r   up  as  the  f o l l o w e r   arm  30  moves  up.  T h i s  

reduces   p r e s s u r e   in  chamber  72,  c a u s i n g   f l o a t i n g   p i s t o n   80  t o  - r i s e .   T h i s  

r i s e   of  f l o a t i n g   p i s t o n   80  a lso   c r e a t e s   a  reduced  p r e s s u r e   in  m e t e r i n g  

chamber  74.  This  reduced  p r e s s u r e ,   p lus   the  p r e s s u r e   c r e a t e d   in  c o n d u i t s  

44,  46  by  the  p r e s s u r e   pump  34  on  v a l v e s   96,  102  permi ts   fue l   to  f i l l  

m e t e r i n g   chamber  74  and  p a r t i a l l y   f i l l   t iming   chamber  72.  The  flow  r a t e  

of  fue l   i n to   these   chambers  are  c o n t r o l l e d   by  v a r i a b l e   o r i f i c e s   100  and  

94,  r e s p e c t i v e l y .   The  f i l l i n g   p r o c e s s   c o n t i n u e s   u n t i l   such  time  as  t h e  

d r i v i n g   p i s t o n   20  has  reached  i t s   upwardmost  p o s i t i o n .   The  time  i t   t a k e s  

for   d r i v i n g   p i s t o n   20  to  reach  t h i s   p o r t i o n   i s ,   of  course ,   de te rmined   by 



the  engine  speed.   As  the  p i s t o n   20  moves  downwardly,  the  va lves   96  and  

102  are  sea ted   to  i n c r e a s e   the  p r e s s u r e   in  chambers  72,  74  a f t e r   t h e  

vapor  p o r t i o n   of  the  volume  in  t iming  chambers  72  has  been  taken  up  by 

the  volume  of  d r i v i n g   p i s t o n   20.  T h e r e a f t e r   the  i n c r e a s e d   p r e s s u r e   i s  

fed  to  the  end  of  nozz le   84  by  means  of  the  condu i t   86  to  r a i s e   t h e  

needle  valve  88  and  commence  i n j e c t i o n .   The  d r i v i n g   p i s t o n   c o n t i n u e s   i t s   j 

downward  movement  u n t i l   such  time  as  the  p r e s s u r e   is  r e l i e v e d   in  t i m i n g  

and  me te r ing   chambers  72,  74 .  

R e f e r r i n g   now  to  F igure   3,  t he re   is  i l l u s t r a t e d   a  m e c h a n i c a l  

con t ro l   for  the  o r i f i c e s   94,  100  d e s c r i b e d   above  in  c o n j u n c t i o n   w i t h  

d e s c r i p t i v e   of  F igure   2.  S p e c i f i c a l l y ,   the  c o n t r o l   system  of  F igure   3 

inc ludes   an  o p e r a t o r   c o n t r o l l e d   t h r o t t l e   pedal  130,  which  feeds  an  o p e r a t o r  

command  s i g n a l   to  a  speed  r e s p o n s i v e   device   132.  The  speed  r e s p o n s i v e  

device  may  take  the  form  of  a  f ly   b a l l   governor   having  a  b ias   e l e m e n t  

which  is  v a r i a b l e   in  r e sponse   to  the  changing  in  p o s i t i o n   of  the  t h r o t t l e  

pedal  130.  The  ou tpu t   of  the  speed  response   device  may  be  a  s h a f t   134 

which  is  used  to  c o n t r o l   the  o r i f i c e   of  a  v a r i a b l e   o r i f i c e   device   136, 

as  is  common  in  the  a r t .  

A  v a r i a b l e - o r i f i c e   t iming  valve  138  is  c o n t r o l l e d   by  a  s e c o n d  

s p e e d - r e s p o n s i v e   dev ice   140,  which  again  may  take  the  form  of  a  v a r i a b l e  

bias   f l y - b a l l   gove rnor .   Both  s p e e d - r e s p o n s i v e   dev ices   132,  140  are  d r i v e n  

by  t h e  e n g i n e .   However,  the  v a r i a b l e   input   to  the  s p e e d - r e s p o n s i v e   d e v i c e  

140  takes   the  form  of  a  mechan ica l   l eve r   142,  t h e  o u t p u t   of  which  is  f e d  

to  the  speed  r e s p o n s i v e   dev ice   140  by  means  of  a  mechanism  144  ( d e p i c t e d  

as  a  s i n g l e   l i n e ) .   The  p i v o t   p o i n t   for  the  l ever   142  is  formed  by  a  

fulcrum  device   146,  the  p o s i t i o n   of  the  fulcrum  device   146  being  c o n t r o l -  

led  by  the  s p e e d - r e s p o n s i v e   p o r t i o n   of  the  speed  r e s p o n s i v e   dev ice   132.  

What  would  normal ly   be  the  f ixed   po in t   148  is  made  v a r i a b l e   in  r e s p o n s e  
to  the  p o s i t i o n   of  the  s h a f t   134.  Thus,  a  f eed - fo rward   mechanism  i s  

u t i l i z e d   to  b i a s   the  s p e e d - r e s p o n s i v e   device   140  in  r esponse   to  the  o p e -  

r a t i o n   of  the  s p e e d - r e s p o n s i v e   device   132.  This  is  u t i l i z e d   to  c o n t r o l  

the  area  of  the  v a r i a b l e   o r i f i c e   device  138  by  means  of  a  s h a f t   150.  T h u s ,  

the  v a r i a b l e   o r i f i c e   me te r i ng   valve  136  is  c o n t r o l l e d   in  r e sponse   to  o p e -  
r a t o r   command  and  speed,   and  the  t iming  valve  v a r i a b l e   o r i f i c e   dev ice   138 

is  c o n t r o l l e d   in  r e sponse   to  engine  speed  and  engine  load,   the  e n g i n e  

load  e x h i b i t i n g   i t s e l f   through  the  o p e r a t i o n   of  the  l i nkage   144. 



As  s t a t e d   above,  the  system  of  the  p r e s e n t   i n v e n t i o n   c o u l d  

also  be  o p e r a t e d   e l e c t r i c a l l y   and  the  e l e c t r i c a l   o p e r a t i o n   may  be  accom- 

p l i s h e d   by  a  v a r i a b l e   o r i f i c e   device  such  as  d e p i c t e d   in  F igure   4.  I n  

Figure  4,  f u e l   is   i n t r o d u c e d   in to   the  c o n t r o l   device   by  means  of  a  c o n -  

du i t   156  and  the  ou tpu t   fue l   is  fed  to  the  p l u r a l i t y   of  i n j e c t o r s   a s s o -  

c i a t e d   wi th   the  engine  by  means  of  a  condu i t   158.  The  c o n t r o l   of  f u e l  

through  the   body  160  of  the  c o n t r o l   e lement   is  accompl i shed   by  v a r y i n g  

the  area   of  the  o r i f i c e   between  a  movable  valve  member  162  and  f i x e d  

valve  s ea t   formed  by  edge  164.  Thus,  as  the  area  between  p l a t e   162  and  

sea t   164  is   v a r i e d ,   the  flow  of  fue l   is   s i m i l a r l y   va r i ed   in  a  l i n e a r  

f a sh ion .   The  p o s i t i o n   of  valve  p l a t e   162  is  c o n t r o l l e d   by  means  of  a  

magnet ic   vo ice   c o i l   -166,  in  the  p r e f e r r e d   embodiment  the  i npu t   s i g n a l  

to  the  c o i l   166  being  supp l i ed   from  the  e l e c t r o n i c   c o n t r o l   u n i t   62  d e s -  

c r ibed   in  c o n j u n c t i o n   with  F igure   1.  The  s i g n a l   to  c o i l   166  has  a  t e n -  

dency  to  r a i s e   p l a t e   162  a g a i n s t   the  fo rce   c r e a t e d   by  a  sp r i ng   168.  

Another  type  of  valve  which  could  be  s u b s t i t u t e d   for   t h e  

p l a t e   162 /va lve   s ea t   164  a r rangement   shown  in  F igure   4  is  d e p i c t e d   i n  

Figure   5.  The  va lve   assembly  of  F igure   5  is  a  spool  valve  having  a  mov- 

able  body  member  170  which  is  s l i d a b l y   mounted  in  a  body  172.  An  i n p u t  

condu i t   174  s u p p l i e s   fue l   to  a  chamber  176  and  the  ou tpu t   t h e r e o f   is  f e d  

to  the  i n j e c t o r   by  means  of  a  condu i t   178.  Thus,  as  spool  va lve   170  i s  

a x i a l l y   moved  w i t h i n   the  body  172,  the  f l u i d   communicat ion  between  cham- 

ber  176  and  c o n d u i t   178  is  v a r i e d .   The  spool  valve  170  could  be  mecha-  

n i c a l l y   a c t u a t e d   or  e l e c t r i c a l l y   a c t u a t e d   in  a  manner  s i m i l a r   to  t h a t  

d e s c r i b e d   in  c o n j u n c t i o n   with  F igure   4 .  

R e f e r r i n g   now  to  F igure   6,  t he re   is  i l l u s t r a t e d   a  s c h e m a t i c  

block  d iagram  of  an  e l e c t r o n i c   c o n t r o l   system  for  use  wi th   the  fue l   s y s -  

tem  of  the  p r e s e n t   i n v e n t i o n .   A  compar ison  of  the   f u n c t i o n s   of  F igure   6 

with  those   of  F igure   3  w i l l   i n d i c a t e   an  analogy  between  the  m e c h a n i c a l  

and  e l e c t r i c a l   c o n f i g u r a t i o n s .   S p e c i f i c a l l y ,   an  o p e r a t o r   command  s i g n a l  

is  fed  to  a  t h r o t t l e   sensor   c i r c u i t   180  by  means  of  an  input   c o n n e c t i o n  

182.  An  a c t u a l   engine  speed  s i g n a l   is  g e n e r a t e d   by  means  of  an  e n g i n e  

speed  s enso r   c i r c u i t   184  in  r e sponse   to  the  ou tpu t   of  an  engine  s p e e d  

sensor   186.  The  two  s i g n a l s   from  c i r c u i t s   180,  184  are  compared  by  a  

compara tor   c i r c u i t   188  and  the  d i f f e r e n c e   between  the  two  o u t p u t s   g e n e -  
r a t e s   a  c o n t r o l   s i g n a l   on  a  conduc tor   190,  which  c o n t r o l   s i g n a l   is  u t i -  

l i z ed   to  c o n t r o l   a  v a r i a b l e   area   c o n t r o l   c i r c u i t   192.  The  ou tpu t   of  t h e  

v a r i a b l e   a r ea   c o n t r o l   c i r c u i t   192  may  be  u t i l i z e d   to  c o n t r o l   the  v a r i a b l e  



o r i f i c e   100  d e s c r i b e d   in  c o n j u n c t i o n   with  the  d e s c r i p t i o n   of  F igure   2 .  

This  s i g n a l   is  fed  to  the  v a r i a b l e   area  device   by  means  of  a  c o n d u c t o r  

194.  The  compara to r   188  o p e r a t e s   to  nu l l   the  s i g n a l   on  conduc to r   190 

to  f ix   the  p o s i t i o n   of  the  v a r i a b l e   area  device   connec ted   to  c o n d u c t o r  

194  dur ing   s t eady   s t a t e   o p e r a t i o n s   of  the  e n g i n e .  

The  ou tpu t   s i g n a l   on  conductor   194  is  a l so   fed  to  a  d i v i d e  

c i r c u i t   196,  which  is  p rov ided   inputs   from  c o n t r o l   c i r c u i t   192  by  means 

of  a  conduc to r   198,  and  a  speed  s igna l   from  the  speed  sensor   c i r c u i t   184 

by  means  of  c o n d u c t o r s   200,  202,  204.  The  ou tpu t   s i g n a l   from  the  v a r i -  

able  area  c o n t r o l   c i r c u i t   192  is  r e p r e s e n t a t i v e   of  power,  t h e  o p e r a t o r  

commanded  s i g n a l   i npu t   182  as  compared  to  the  sensed  s i g n a l   at   input   186, 

and  t h i s   power  s i g n a l   is   d iv ided   by  a  speed  s i g n a l   on  conduc to r   204 .  

Thus,  the  ou tpu t   o f  c i r c u i t   196  w i l l   p rov ide   an  engine  load  s i g n a l   on  a  

conduc to r   208.  This  s i g n a l   i s   u t i l i z e d   to  aid  in  the  c o n t r o l   of  the  v a -  

r i a b l e   o r i f i c e   t iming   c i r c u i t ,   which  i n c l u d e s   a  v a r i a b l e   a rea   c o n t r o l  

c i r c u i t   210.  The  ou tpu t   of  c i r c u i t   210  c o n t r o l s   the  v a r i a b l e   area   o r i -  

f i ce   94  d e s c r i b e d   in  c o n j u n c t i o n   with  Figure   2  by  means  of  a  s i g n a l   on 

conduc tor   212.  The  input   to  the  v a r i a b l e   area   c o n t r o l   c i r c u i t   210  i n -  

c ludes   a  speed  s i g n a l   from  a  conductor   214,  the  speed  s i g n a l   being  t r i m -  

med  by  the  load  s i g n a l   on  conduc tor   208  by  means  of  a  load  t r im  c i r c u i t  

216.  The  main  s i g n a l   being  fed  to  the  v a r i a b l e   a rea   c o n t r o l   c i r c u i t   210 

is  the  speed  s i g n a l   on  conduc to r   214  as  modif ied   by  the  load  s i g n a l   on 

conduc tor   208 .  

Thus,  a  pure ly   e l e c t r i c a l   c o n t r o l   for   the  system  of  t h e  

p r e s e n t   i n v e n t i o n   has  been  provided  with  the  system  of  F igure   6.  I t   i s  

to  be  unde r s tood   t h a t   o the r   c o n t r o l   laws  may  be  u t i l i z e d   to  c o n t r o l   t h e  

v a r i a b l e   o r i f i c e   dev i ce s   to  f i t   the  needs  of  a  p a r t i c u l a r   d i e s e l   e n g i n e .  

R e f e r r i n g   now  to  Figure  7,  t he re   is   i l l u s t r a t e d   the  t i m i n g  

diagrams  for   the  c o n t r o l   dev ices   of  the  p r e s e n t   i n v e n t i o n .   S p e c i f i c a l l y ,  

the  cam  p r o f i l e   is  shown  p i c t o r i a l l y   by  means  of  a  p r o f i l e   l i n e   220  a t  

the  upper  p o r t i o n   of  F igure   7.  When  the  cam  r eaches   the  uppermost   p o r -  

t ion   of  the  s t r o k e   of  the  main  d  r iv ing   p i s t o n   and  s t a r t s   on  a  d o w n w a r d  

t r a v e l ,   i t   is  seen  t h a t   a  cumula t ive   flow  in to   the  me te r ing   chamber  i s  

der ived   and  d e p i c t e d   in  Figure   7  by  means  of  dashed  l ine   222.  S i m i l a r l y ,  

the  t iming  chamber  a c c u m u l a t i o n   of  fuel   i s   d e p i c t e d   by  dashed  l i n e   224 

and  the  amount  of  vacuum  or  vapor  space  in  t iming  chamber  is   d e p i c t e d   by 

the  d i s t a n c e   between  l i n e   224  and  l i n e  2 2 0 .  



Another  d e p i c t i o n   of  the  t iming  chamber  is  i l l u s t r a t e d   i n  

the  middle  graph  where in   the  cumula t i ve   flow  in to   the  t iming  chamber  a t  

the  time  the  downward  s t r o k e   commences  is  shown  by  a  s t r a i g h t   l i n e   h a v -  

ing  a  p o s i t i v e   s lope   which  t e r m i n a t e s   at  the  po in t   of  i n j e c t i o n .   T h u s ,  

a  cons t an t   flow  of  f u e l   i n to   the  t iming  chamber  c r e a t e s   an  a c c u m u l a t i o n  

of  fuel .   For  pu rposes   of  i l l u s t r a t i o n ,   t h i s   accumula t ion   is  shown  a s  

being  l i n e a r .   I n j e c t i o n   occur s   and  is  d e p i c t e d   by  the  h o r i z o n t a l   l i n e  

t e r m i n a t i n g   in  the  dump  mode  of  o p e r a t i o n .   Upon  dumping,  the  p r e s s u r e  

or  the  flow  in  the  chamber  is  s u b s t a n t i a l l y   reduced  and  the  cyc le   com- 

mences  again.   The  flow  r a t e   in to   the  t iming  chamber  is  a l so   d e p i c t e d  

in  the  middle  graph  and  is  shown  to  be  g e n e r a l l y   r i s i n g   f u n c t i o n   w h i c h  

l e v e l s   off  to  a  c o n s t a n t   flow  r a t e   u n t i l   such  time  as  i n j e c t i o n   o c c u r s .  

At  tha t   time,  the  flow  r a t e   ceases   u n t i l   the  dump  mode  occurs .   U p o n  

dumping,  the  fue l   a c c u m u l a t e d   in  the  t iming   chamber  is  r e t u r n e d   to  t h e  

r e s e r v o i r   as  d e p i c t e d   by  the  n e g a t i v e   f l o w .  

A  s i m i l a r   graph  is  i l l u s t r a t e d   at  the  bottom  of  F igu re   7 ,  

but  r e l a t i n g   to  the  m e t e r i n g   chamber.  However,  for   purposes   of  c l a r i t y ,  

the  flow  ra te   d iagram  has  been  omi t t ed .   Thus,  the  flow  accumula t e s   i n  

the  metering  chamber  from  the  z e n i t h   po in t   on  the  cam  p r o f i l e   u n t i l   s u c h  

time  as  i n j e c t i o n   o c c u r s .   At  i n j e c t i o n ,   the  flow  ceases   u n t i l   the  dump 

mode  is  achieved.   At  t h a t   time  the  flow  goes  n e g a t i v e   to  d e p i c t   t h e  

s l i g h t   flow  of  fue l   out  of  the  me te r ing   chamber .  

R e f e r r i n g   now  to  F igures   8A  to  8F,  which  best   d e p i c t   t h e  

o p e r a t i o n   of  t h e .  i n j e c t i o n   of  the  system  of  the  p r e s e n t   i n j e c t i o n ,   t h e r e  

is  i l l u s t r a t e d   a  cam  p r o f i l e   in  F igure   8A  and  v a r i o u s   phases  of  o p e r a t i o n  

of  the  i n j e c t o r   in  F i g u r e s   8B  to  8F.  I t   is  to  be  unde r s tood   t h a t   the  i n -  

j e c t o r   shown  is  merely   a  g r a p h i c   showing  and  is  not  in tended   to  a c t u a l l y  

r e p r e s e n t   a  commercia l   embodiment  of  the  i n j e c t o r .   For  pu rposes   of  c l a -  

r i t y ,   the  r e f e r e n c e   numera l s   u t i l i z e d   in  c o n j u n c t i o n   with  the  d e s c r i p t i o n  

of  Figure  2  w i l l   a l so   be  u t i l i z e d   in  c o n j u n c t i o n   with  the  d e s c r i p t i o n   o f  

F igures   8B  to  8F.  

F igure   8A  i l l u s t r a t e s   the  cam  p r o f i l e   and  c e r t a i n   p o s i t i o n s  

on  the  cam  p r o f i l e   have  been  noted  with  numerals   1  through  6.  N u m e r a l s  

1  through  5  c o r r e s p o n d   in  o p e r a t i o n   to  F igu re s   8B  through  8F  r e s p e c t i v e -  

ly,  and  numeral  6  c o r r e s p o n d s   to  the  s t a r t i n g   po in t   at  numeral  1.  At  

p o s i t i o n   1  on  F igure   8a,  the  cam  has  reached  a  po in t   whereby  the  p i s t o n  

20  is  at  i t s   lowermost   p o s i t i o n ,   c o r r e s p o n d i n g   to  the  i n j e c t o r   of  F i g u r e  

8B.  Subsequen t ly ,   the  d r i v i n g   p i s t o n   r i s e s   to  reach  p o s i t i o n   2,  is  a t   a  



c o n s t a n t   p o s i t i o n   between  p o s i t i o n s   2  and  3,  and  is  d r iven   downwardly  a t  

p o s i t i o n   4  and  5.  The  d r i v i n g   p i s t o n   20  then  r e aches   s t a r t i n g   po in t   a t  

po in t   6  a g a i n .  

R e f e r r i n g   to  F igure   8B,  the  d r i v i n g   p i s t o n   20  is  at  i t s   l o w e r -  

most  p o s i t i o n   and  t iming   chamber  72  and  me te r ing   chamber  74  have  been  r e -  

l i eved   of  p r e s s u r e   t h e r e i n .   Valves  96  and  102  are  s ea t ed ,   needle   v a l v e  

88  is  sea ted   in  nozz le   84  and  fue l   is   ready  to  be  fed  to  the  i n j e c t o r   i n  

response   to  the  o p e r a t i o n   of  the  e n g i n e .  

R e f e r r i n g   now  to  F igu re  8C ,   i t   is  seen  t ha t   the  d r i v i n g   p i s -  

ton  20  has  r i s e n   to  the  upper   l e v e l   and  vapor  has  been  c r e a t e d   in  t h e  

t iming  chambers  72.  The  f l o a t i n g   p i s t o n   80  is  g e n e r a l l y   down  at  the  b o t -  

tom  of  the  c a v i t y   in  the  body  of  the  i n j e c t o r .   I t   is  to  be  noted  t h a t  

va lves   96  and  102  are  open  to  permi t   fuel   to  flow  in to   the  t iming  chamber  

72  and  me te r ing   chamber  74.  The  need le   valve  88  is  s t i l l   s ea t ed   in  t h e  

nozzle   84.  

During  the  t r a v e l   from  po in t   2  to  po in t   3  in  F igure   8A  a s  

shown  in  F igu re  8D,   the  t iming   chamber  72  has  been  p a r t i a l l y   f i l l e d   w i t h  

fuel   to  the  l e v e l   i n d i c a t e d   whi le   the  check  valve  96  is  open,  and  m e t e r -  

ing  chamber  74  is  s i m i l a r l y   f i l l e d ,   check  valve  102  being  open.  I t   i s  

to  be  noted  t h a t   the  f l o a t i n g   p i s t o n   80  has  moved  up,  thereby   c l o s i n g   t h e  

en t r ance   to  pas sages   106  and  116.  In  t h i s   way,  fuel   is  p rec luded   f rom 

s p i l l i n g   in to   the  d ra in   c o n d u i t   108. 

R e f e r r i n g   now  to  F igure   8E,  the  p i s ton   20  is  now  at  poin t   4 

and  is  s t a r t i n g   the  downward  t r a v e l   to  compress  the  vapor  and  p r e s s u r i z e  

the  fuel   in  the  t iming   chamber  72  and  me te r ing   chamber  74.  The  c h e c k  

valves   96  and  102  are  c l o sed   due  to  the  i n c r e a s e d   p r e s s u r e   in  chambers  

72,  74.  The  i n c r e a s e d   p r e s s u r e   in  chamber  74  u n s e a t s   the  need le   valve  88 

in  nozzle   84,  t he reby   i n j e c t i n g   fue l   i n to   the  engine  from  the  end  o f  

nozzle   84.  The  fue l   is  fed  from  the  me te r ing   chamber  to  the  nozzle   end 

by  means  of  the  condu i t   124.  

When  the  d r i v i n g   p i s t o n   20  reaches   an  area  toward  the  b o t t o m  

of  the  s t r o k e ,   F igure   8F  and  p o s i t i o n   5  on  F igure  8A,   the  en t r ance   t o  

condui t   116  has  been  opened  and  fue l   flows  from  meter ing   chambers  74 

through  condu i t   120  and  c o n d u i t   114.  Thus,  the  p r e s s u r e   w i t h i n   the  me- 

t e r i n g   chambers  74  is  r e l i e v e d .   As  exp la ined   p r e v i o u s l y ,   the  r e s t r i c t i o n  

122  c r e a t e s   a  p r e s s u r e   sp ike   in  condui t   124  to  force   the  needle   valve  88 

in to   the  c losed   p o s i t i o n .   S i m i l a r l y ,   the  en t r ance   to  condu i t   106  is  u n -  

covered,   the reby   p e r m i t t i n g   f u r t h e r   downward  t r a v e l   of  the  f l o a t i n g   p i s -  



ton  80  to  t he reby   dump  or  vent  the  fue l   from  the  t iming  chamber  72 .  

F u r t h e r   downward  movement  of  d r i v i n g   p i s t o n   20  from  p o s i t i o n   5  to  p o s i -  

t i on   6  on  F igure   8A  causes   f u r t h e r   fuel   to  be  dumped  from  t iming  chamber  

7 2 .  

As  an  a l t e r n a t i v e   to  the  above  d e s c r i b e d   c o n t r o l   mechanisms 

and  c i r c u i t s ,   the  amount  of  fue l   in  the  t iming  and  m e t e r i n g   chambers  may 

be  c o n t r o l l e d   by  p u l s i n g   an  o n / o f f   c o n t r o l   valve  which  is  p o s i t i o n e d   i n  

the  same  p a r t   of  the  h y d r a u l i c   c i r c u i t   as  the  v a r i a b l e   o r i f i c e   c o n t r o l  

e l emen t s   are  p o s i t i o n e d .   With  the  a l t e r n a t i v e   c o n t r o l   scheme,  each  i n -  

j e c t o r   would  be  p rov ided   with  a  c o n t r o l l e d   pu lse   of  f ue l   for   both  t h e  

t iming   and  me te r ing   chambers  for  each  of  the  i n j e c t o r s .   Thus,  the  o n /  

o f f   va lve   which  r e p l a c e s   the  v a r i a b l e   o r i f i c e   dev ice   w i l l   p rov ide   a t  

l e a s t   a  s i n g l e   pu lse   of  fue l   for  each  i n j e c t o r   per  engine  cyc le ,   m u l t i p l e  

p u l s e s   be ing   c o n t e m p l a t e d .   This  may  be  accompl i shed   by  r e v e r s i n g   t h e  

lobe  on  the  cam  such  t h a t   lobe  is  r e p r e s e n t e d   as  a  d e p r e s s i o n   r a t h e r   t h a n  

a  p r o j e c t i o n   of  the  cam  with  the  r emain ing   p o r t i o n   of  the  cam  such  t h a t  

i t   w i l l   hold  the  main  p i s t o n   down  dur ing   the  pe r iod   me te r i ng   of  fue l   i n t o  

the  t im ing   and  m e t e r i n g   chamber  is  not  o c c u r r i n g .  

This  is  g r a p h i c a l l y   i l l u s t r a t e d   at  the  top  of  F igure   9,  t h e  

cam  p r o f i l e   being  shown  as  a  dashed  l i n e .   Thus,  a  window  is  c r e a t e d   f o r  

m e t e r i n g   fue l   i n to   the  i n j e c t o r   dur ing   the  time  t h a t   the  cam  p r o f i l e   i s  

at  the  low  po in t   A.  When  mete r ing   is  not  o c c u r r i n g ,   the  cam  is  at  a  

high  p o i n t   B  and  remains   the re   u n t i l   me te r ing   is  d e s i r e d   for  t ha t   i n j e c t o r .  

I t   is  to  b e ' u n d e r s t o o d   tha t   the  r emain ing   i n j e c t o r s   are  a l l   at  the  h i g h  

p o i n t   to  p r e c l u d e   me t e r i ng .   Thus,  each  i n j e c t o r   is  i s o l a t e d ,   one  from 

the  o t h e r s ,   dur ing   me te r ing   t h e r e   being  no  ove r l ap   of  the  d e p r e s s i o n   a t  

p o i n t   for   any  two  or  more  i n j e c t o r s .  

R e f e r r i n g   p a r t i c u l a r l y   to  F igure   9,  t h e r e   is  i l l u s t r a t e d   a  

t iming   d iagram,   which  is  c o r r e l a t e d   to  the  cam  p r o f i l e   which  is  i l l u s -  

t r a t e d   as  the  top  curve  in  Figure   9.  I t   is  to  be  u n d e r s t o o d   the  cam 

p r o f i l e   may  be  the  n e g a t i v e   of  t ha t   shown.  The  middle  curve ,   d e s i g n a t e d  

flow  r a t e   in to   t iming   chamber,  i l l u s t r a t e s   a  fuel   pu l se   which  is  fed  t o  

the  t iming   chamber  of  a  s i n g l e   i n j e c t o r .   As  is  seen  from  the  dashed  l i n e s ,  

the  f ue l   pu l se   can  be  e i t h e r   l eng thened   or  s h o r t e n e d ,   depending  on  t h e  

amount  of  fue l   which  is  d e s i r e d   to  be  i n t r o d u c e d   in to   the  t iming  chamber .  

S i m i l a r l y ,   the  m e t e r i n g   chamber  pu l se ,   i l l u s t r a t e d   at  the  bottom  of  F i -  

gure  9;  is   fed  to  the  me te r ing   chamber  of  the  i n j e c t o r   of  F igure   2.  Again ,  

t h i s   t i m e - d u r a t i o n   pu l se   may  be  l e n g t h e n e d   or  s h o r t e n e d ,   depending  on  t h e  



amount  of  fuel   d e s i r e d   to  be  i n t r o d u c e d   in to   the  me te r ing   chamber .  

With  the  s t a t e   of  the  t echnology   of  the  spark  i g n i t e d   g a s o -  

l i n e   engine  a r t ,   i t   is  conce ived   t h a t   a  s e q u e n t i a l   e l e c t r o n i c   c o n t r o l  

u n i t   u t i l i z e d   with  such  spark  i g n i t e d   engine,   with  the  p r o p e r   input   s e n s -  

ing  s i g n a l s   to  sense  engine  p a r a m t e r s ,   could  be  u t i l i z e d   to  g e n e r a t e   t h e  

p u l s e s   d i s c l o s e d   in  F igure   9.  Thus,  a  s e q u e n t i a l   p u l s e - d u r a t i o n   m o d u l a -  

t i o n   of  the  q u a n t i t y   of  fue l   being  i n t r o d u c e d   to  the  t iming  and  m e t e r i n g  

chambers  o f  a   d i e s e l   fue l   i n j e c t o r   may  be  u t i l i z e d   as  a  c o n t r o l   law  f o r  

the  system  of  the  p r e s e n t   i n v e n t i o n , :   as  an  a l t e r n a t i v e   m o d i f i c a t i o n .  

Many  changes  or  m o d i f i c a t i o n s  i n  t h e   above  d e s c r i b e d   embo- 

diments  of  the  i n v e n t i o n   may  of  course   be  c a r r i e d   out  w i thou t   d e p a r t i n g  

from  the  f a i r   meaning  and  scope  of  the  i n v e n t i o n   d i s c l o s e d .   A c c o r d i n g l y ,  

the  scope  of  the  i n v e n t i o n   is  i n t ended   to  be  l i m i t e d   only  by  the  s c o p e  
of  the  appended  c l a i m s .  



1.  A  c o n t r o l   system  for  c o n t r o l l i n g   the  supply   of  fuel   f rom 

a  source   (32)  to  an  i n t e r n a l   combust ion  engine   (16)  having  a  c r a n k s h a f t  

(26)  and  a  p l u r a l i t y   of  c y l i n d e r s ,   the  system  compr i s ing   at  l e a s t   one  i n -  

j e c t o r   (10)  having   a  body  (70),  a  pr imary  pumping  p lunger   (20)  and  a  

s econdary   p l u n g e r   (80)  p o s i t i o n e d   w i t h i n   sa id   body  for  movement  t h e r e i n  ,  

a  nozz le   (84)  s i t u a t e d   con t iguous   with  the  engine   (16),   a  t iming  chamber  

(72)  d e f i n e d   in  sa id   body  between  sa id   p r imary   pumping  p lunger   (20)  and  

sa id   s econda ry   p lunge r   (80),  a  me te r ing   chamber  (74)  de f ined   in  s a i d  

body  between  sa id   secondary  p lunger   (80)  and  s a i d   nozz le   (84),  t i m i n g  

and  m e t e r i n g   pa s sages   (42,  44,  46,  48,  50,  92)  in  sa id   body  (70)  of  s a i d  

i n j e c t o r   (10)  for   r e c e i v i n g   p r e s s u r i z e d   f ue l   and  t r a n s m i t t i n g   sa id   f u e l  

i n to   sa id   t im ing   chamber  (72)  and  said  m e t e r i n g   chamber  (74),   means  ( 3 8 ,  

94,  100)  for   c o n t r o l l i n g   (1)  the  t iming  of  the  d i s c h a r g e   of  fuel   f rom 

the  m e t e r i n g   chamber  (74)  through  the  nozz l e   (84)  and  (2)  the  q u a n t i t y  

of  fue l   s t o r e d   in  said  meter ing   chamber  (74) ,   c h a r a c t e r i z e d   in  t h a t   i t  

i n c l u d e s   a  c o n t r o l   valve  (94,  100)  in  each  of  sa id   t iming  and  m e t e r i n g  

p a s s a g e s   (44,  46)  for  c o n t r o l l i n g   the  flow  of  f ue l   from  the  source  (32)  

and  means  for   p u l s i n g   in  an  on /o f f   f a s h i o n   each  of  said  c o n t r o l   v a l v e s  

in  r e s p o n s e   to  engine  o p e r a t i n g   c o n d i t i o n s .  

2.  A  c o n t r o l   system  a c c o r d i n g   to  c laim.  1,   c h a r a c t e r i z e d   i n  

t h a t   s a id   c o n t r o l   va lves   (94,  100)  c o n t r o l   the  admiss ion   of  fuel   i n t o  

sa id   t iming   chamber  (72)  c r e a t i n g   a  h y d r a u l i c   l i nk   between  said  p r i m a r y  

pumping  and  secondary   p lungers   (20,  8 0 ) .  

3.  A  c o n t r o l   system  a c c o r d i n g   to  c l a im  2,  c h a r a c t e r i z e d   i n  

t h a t   i t   i n c l u d e s   valve  means  (96,  102)  in  each  of  sa id   t iming  and  m e t e r -  

ing  p a s s a g e s   (48,  50)  for  p r e c l u d i n g   the  flow  of  f ue l   ou t  f rom  s a i d  

c h a m b e r s .  

4.  A  c o n t r o l   system  a c c o r d i n g   to  c l a im  2,  c h a r a c t e r i z e d   i n  

t h a t   i t   i n c l u d e s  a   d ra in   passage  (58)  and  a  c h e c k ' v a l v e   (110)  i n t e r c o n -  

nec ted   to  c o n t r o l   fuel   flow  between  sa id   t im ing   chamber  (72)  and  s a i d  

d r a i n   passage   (58)  for  p e r i o d i c a l l y   e l i m i n a t i n g   sa id   h y d r a u l i c   l ink   b e t -  

ween  sa id   pr imary   pumping  (20)  and  said  s econda ry   p l u n g e r s  ( 8 0 ) .  

5.  A  c o n t r o l   system  a c c o r d i n g   to  c la im  4,  c h a r a c t e r i z e d   i n  

t h a t   sa id   check  valve  (110)  is  unsea ted   to  r e l e a s e   fue l   from  said  t i m i n g  

chamber  (72)  i n to   said  d ra in   passage  (58)  when  the  secondary   p lunger   (80)  

a p p r o a c h e s   i t s   most  downward  p o s i t i o n .  



6.  A  c o n t r o l   system  accord ing   to  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   said  secondary   p lunger   (80)  has  a  passage   (114,  120)  de f ined   t h e r e -  

in,  said  passage   opening  at  one  end  in to   sa id   me te r i ng   chamber  (74),   and  

said  passage  dumping  fue l   in to   a  dump  passage   (116)  when  the   i n j e c t i o n  

phase  of  the  cyc le   of  o p e r a t i o n   i s   t e r m i n a t e d .  

7.  A  c o n t r o l   system  acco rd ing   to  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   the  volumes  of  sa id   t iming  chamber  (72)  and  sa id   me te r ing   chamber  

(74)  are  v a r i e d   dur ing   the  cycle  of  o p e r a t i o n   of  sa id   fue l   i n j e c t o r .  

8.  A  c o n t r o l   system  accord ing   to  c la im  7,  c h a r a c t e r i z e d   i n  

t ha t   a  p o r t i o n   of  sa id   o p e r a t i o n   is  me te r ing   and  sa id   me te r ing   chamber  

volume  is  v a r i e d   dur ing   said  meter ing   p o r t i o n .  

9.  A  c o n t r o l   system  accord ing   to  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   sa id   c o n t r o l   va lve s   (94,  100)  are  pu lsed   a  p l u r a l i t y   of  t imes  f o r  

each  i n j e c t i o n   from  sa id   i n j e c t o r ,   the  supply  p r o v i d i n g   fue l   at  a  c o n s -  

t a n t   p r e s s u r e   to  sa id   c o n t r o l   v a l v e s .  

10.  A  c o n t r o l   system  accord ing   to  c la im  1,  c h a r a c t e r i z e d   i n  

t h a t   i t   i n c l u d e s   an  e l e c t r o n i c   c o n t r o l   un i t   (38),   sa id   c o n t r o l   un i t   s e -  

q u e n t i a l l y   p u l s i n g   sa id   c o n t r o l   valves   (94,  100)  to  p rov ide   fuel   to  s a i d  

t iming  and  me te r ing   chambers  (72,  74)  of  each  i n j e c t o r   (10)  through  s a i d  

t iming  and  me te r ing   passages   (44,  4 6 ) .  

11.  A  c o n t r o l   system  accord ing   to  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   i t   i n c l u d e s   a  p l u r a l i t y   of  i n j e c t o r s   and  a  cam  element   (22)  a s s o -  

c i a t e d   with  the  c r a n k s h a f t   (26)  for  c o n t r o l l i n g   the  o p e r a t i o n   of  s a i d  

pr imary  p lunger   (20)  for  each  i n j e c t o r ,   sa id   p lunge r   (20)  being  held  i n  

one  p o s i t i o n   when  me te r ing   is  not  to  occur,   and  moving  to  ano the r   p o s i -  

t ion   when  m e t e r i n g   is  t o  o c c u r .  

12.  A  c o n t r o l   system  accord ing   to  c la im  11,  c h a r a c t e r i z e d   i n  

t ha t   a l l   but  one  i n j e c t o r   is  h e l d  i n   said  one  p o s i t i o n   at  any  o n e  t i m e  

to  i s o l a t e   one  i n j e c t o r   from  a l l   o the r s   dur ing   m e t e r i n g .  

13.  A  c o n t r o l   system  acco rd ing   to  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   said  c o n t r o l l i n g   means  i nc ludes   a  v a r i a b l e   o r i f i c e   c o n t r o l   v a l v e  

(94,  100)  in  each  of  sa id   t iming  and  me te r ing   pa s sages   (44,  46)  for  c o n -  

t r o l l i n g   the  flow  of  fuel   from  the  source  (32)  to  sa id   t iming  and  m e t e r -  

ing  chambers  (72,  74),  and  means  (140)  for  c o n t r o l l i n g   the  v a r i a b l e   o r i -  

f i ce   of  each  of  sa id   v a r i a b l e   o r i f i c e   c o n t r o l   v a l v e s   in  r e sponse   t o  

engine  o p e r a t i n g   c o n d i t i o n s   and  means  for  c o n t r o l l i n g   sa id   me te r ing   o r i -  

f i ce   in  r e sponse   to  engine  speed  (132)  and  an  o p e r a t o r   command  ( 1 3 0 ) .  



14.  A  c o n t r o l   system  a c c o r d i n g   to  c la im  13,  c h a r a c t e r i z e d  

in  tha t   said  t iming  c o n t r o l   valve  (94)  is   c o n t r o l l e d   in  response   to  a n  

engine  speed  (132)  and  o p e r a t o r   command  s i g n a l   (130),  and  a  f u r t h e r  

engine  speed  s i g n a l   ( 1 4 0 ) .  

15.  A  c o n t r o l   system  a c c o r d i n g   to  claim  13,  c h a r a c t e r i z e d  

in  tha t   said  t iming  c o n t r o l   valve  (94)  is  c o n t r o l l e d   as  a  f u n c t i o n   o f  

engine  speed  and  engine   l o a d .  

16.  A  c o n t r o l   system  a c c o r d i n g   to  c la im  13  or  14,  c h a r a c t e r -  

ized  in  t ha t   said  c o n t r o l   is   an  e l e c t r i c a l   s y s t e m .  
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